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LIPID FORMULATIONS FOR NUCLEIC ACID
DELIVERY

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claimspriority to U.S. Provisional
Application No. 61/045,228, filed Apr. 15, 2008, the disclo-
sure of which is herein incorporated by reference in its 1
entirety for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.  
NAMESOF PARTIES TO A JOINT RESEARCH

AGREEMENT

Notapplicable.

REFERENCETO A “SEQUENCELISTING”

Not applicable.

BACKGROUNDOF THE INVENTION

RNAinterference (RNAj) is an evolutionarily conserved
process in which recognition of double-stranded RNA
(dsRNA) ultimately leads to posttranscriptional suppression
of gene expression. This suppression is mediated by short
dsRNA,also called small interfering RNA (siRNA), which
induces specific degradation of mRNAthrough complemen-
tary base pairing. In several model systems, this natural
response has been developed into a powerful tool for the
investigation ofgene function(see,e.g., Elbashir et al., Genes
Dev., 15:188-200 (2001); Hammondet al., Nat. Rev. Genet.,
2:110-119 (2001)). More recently, it was discovered that
introducing synthetic 21-nucleotide dsRNA duplexes into
mammalian cells could efficiently silence gene expression.

Although the precise mechanism is still unclear, RNAi
providesa potential new approach to downregulate or silence
the transcription and translation of a gene ofinterest. For
example, it is desirable to modulate (e.g., reduce) the expres-
sion of certain genes forthe treatment ofneoplastic disorders
such as cancer.It is also desirable to silence the expression of
genes associated with liver diseases and disorders such as
hepatitis. It is further desirable to reduce the expression of
certain genes for the treatment of atherosclerosis and its
manifestations, e.g., hypercholesterolemia, myocardial inf-
arction, and thrombosis.

A safe and effective nucleic acid delivery system is
required for RNAi to be therapeutically useful. Viral vectors
are relatively efficient gene delivery systems, but suffer from
a variety of limitations, such as the potential for reversion to 5
the wild-type as well as immune response concerns. As a
result, nonviral gene delivery systems are receiving increas-
ing attention (Worgall et al., Human Gene Therapy, 8:37
(1997); Peeters et al., Human Gene Therapy, 7:1693 (1996);
Yei etal., Gene Therapy, 1:192 (1994); Hopeet al.,Molecular
MembraneBiology, 15:1 (1998)). Furthermore,viral systems
are rapidly cleared from the circulation, limiting transfection
to “first-pass” organs such as the lungs,liver, and spleen. In
addition, these systems induce immuneresponses that com-
promise delivery with subsequent injections.

Plasmid DNA-cationic liposome complexes are currently
the most commonly employed nonviral gene delivery

40
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vehicles (Felgner, Scientific American, 276:102 (1997);
Chonn et al., Current Opinion in Biotechnology, 6:698
(1995)). For instance, cationic liposome complexes made of
an amphipathic compound,a neutral lipid, and a detergent for
transfecting insectcells are disclosed in U.S. Pat. No. 6,458,
382. Cationic liposome complexesare also disclosed in U.S.
Patent Publication No. 20030073640.

Cationic liposome complexes are large, poorly defined
systemsthat are not suited for systemic applications and can

9 elicit considerable toxic side effects (Harrisonet al., Biotech-
niques, 19:816 (1995), Lietal., The Gene, 4:891 (1997); Tam
etal, Gene Ther, 7:1867 (2000)). Aslarge, positively charged
aggregates,lipoplexes are rapidly cleared when administered
in vivo, with highest expression levels observedinfirst-pass
organs, particularly the lungs (Huanget al., Nature Biotech-
nology, 15:620 (1997); Templetonet al., Nature Biotechnol-
ogy, 15:647 (1997); Hoflandet al., PharmaceuticalResearch,
14:742 (1997)).

Otherliposomaldelivery systemsinclude, for example, the
use ofreverse micelles, anionic liposomes, and polymerlipo-
somes. Reverse micelles are disclosed in U.S. Pat. No. 6,429,
200. Anionic liposomes are disclosed in U.S. Patent Publica-
tion No. 20030026831. Polymer liposomes that incorporate
dextrin or glycerol-phosphocholine polymersare disclosed in
U.S. Patent Publication Nos. 20020081736 and

20030082103, respectively.
A gene delivery system containing an encapsulated nucleic

acid for systemic delivery should be small (i.e., less than
about 100 nm diameter) and should remain intact in the cir-
culation for an extended period of time in order to achieve
delivery to affected tissues. This requires a highly stable,
serum-resistant nucleic acid-containing particle that does not
interact with cells and other components ofthe vascular com-
partment. The particle shouldalso readily interact with target
cells at a diseasesite in orderto facilitate intracellular delivery
of a desired nucleic acid.

Recent work has shownthat nucleic acids can be encapsu-
lated in small (e.g., about 70 nm diameter) “stabilized plas-
mid-lipid particles” (SPLP) that consist of a single plasmid
encapsulated within a bilayer lipid vesicle (Wheeleret al.,
Gene Therapy, 6:271 (1999)). These SPLPstypically contain
the “fusogenic” lipid dioleoylphosphatidylethanolamine
(DOPE), low levels of cationic lipid, and are stabilized in
aqueous media by the presence of a poly(ethylene glycol)
(PEG) coating. SPLPs have systemic application as they
exhibit extended circulation lifetimes following intravenous
(i.v.) injection, accumulate preferentially at distal tumorsites
due to the enhanced vascular permeability in such regions,
and can mediate transgene expression at these tumorsites.
The levels of transgene expression observedat the tumorsite
following i.v. injection of SPLPs containing the luciferase
marker gene are superior to the levels that can be achieved
employing plasmid DNA-cationic liposome complexes(li-
poplexes) or naked DNA.

Thus, there remains a strong need in the art for novel and
more efficient methods and compositions for introducing
nucleic acids such as siRNAinto cells. In addition, there is a
needin the art for methods of downregulating the expression
of genes ofinterest to treat or prevent diseases and disorders
such as cancer and atherosclerosis. The present invention
addresses these and other needs.

BRIEF SUMMARY OF THE INVENTION

The present invention provides novel. serum-stable lipid
particles comprising one or more active agents or therapeutic
agents, methods ofmakingthe lipid particles, and methods of
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delivering and/or adiministering the lipid particles (e.g., for
the treatment of a disease or disorder).

In preferred embodiments, the active agent or therapeutic
agentis fully encapsulated within the lipid portionofthelipid
particle such that the active agent or therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation, e.g., by a nuclease orprotease. In other preferred
embodiments, the lipid particles are substantially non-toxic
to mammals such as humans.

In one aspect, the present invention provideslipid particles
comprising: (a) one or more active agents or therapeutic
agents; (b) one or more cationic lipids comprising from about
50 mol % to about 85 mol % ofthe total lipid present in the
particle; (c) one or more non-cationic lipids comprising from
about 13 mol % to about 49.5 mol % ofthetotallipid present
in the particle; and (d) one or more conjugated lipids that
inhibit aggregation of particles comprising from about 0.5
mol % to about 2 mol % of the total lipid present in the
particle.

Moreparticularly, the present invention provides serum-
stable nucleic acid-lipid particles (SNALP) comprising a
nucleic acid (e.g., one or more interfering RNA molecules
such as siRNA, aiRNA,and/or miRNA), methods of making
the SNALP, and methodsof delivering and/or administering
the SNALP(e.g., for the treatment of a disease or disorder).

In certain embodiments, the nucleic acid-lipid particle
(e.g., SNALP) comprises: (a) a nucleic acid (e.g., an interfer-
ing RNA); (b) a cationic lipid comprising from about 50 mol
%to about 85 mol %ofthetotal lipid presentin the particle;
(c) a non-cationic lipid comprising from about 13 mol %to
about 49.5 mol %ofthe total lipid present in the particle; and
(d) a conjugated lipid that inhibits aggregation of particles
comprising from about 0.5 mol % to about 2 mol % ofthe total
lipid present in the particle.

In one preferred embodiment, the nucleic acid-lipid par-
ticle (e.g., SNALP) comprises: (a) an siRNA;(b) a cationic
lipid comprising from about 56.5 mol %to about 66.5 mol %
of the total lipid present in the particle; (c) cholesterol or a
derivative thereofcomprising from about 31.5 mol % to about
42.5 mol % ofthetotal lipid presentin the particle; and (d) a
PEG-lipid conjugate comprising from about 1 mol %to about
2 mol % ofthe total lipid presentinthe particle. This preferred
embodiment of nucleic acid-lipid particle is generally
referred to herein as the “1:62” formulation.

In another preferred embodiment, the nucleic acid-lipid
particle (e.g., SNALP) comprises: (a) an siRNA; (b) a cat-
ionic lipid comprising from about 52 mol % to about 62 mol
%ofthe total lipid present in the particle; (c) a mixture of a
phospholipid and cholesterol or a derivative thereofcompris-
ing from about 36 mol % to about 47 mol % of the total lipid
present in the particle; and (d) a PEG-lipid conjugate com-
prising from about 1 mol % to about 2 mol %ofthetotal lipid
present in the particle. This preferred embodimentofnucleic
acid-lipid particle is generally referred to herein as the “1:57”
formulation.

The present invention also provides pharmaceutical com-
positions comprising a lipid particle described herein(e.g.,
SNALP) and a pharmaceutically acceptable carrier.

In another aspect, the present invention provides methods
for introducing an active agent or therapeutic agent (e.g.,
nucleic acid) into a cell, the method comprising contacting
the cell withalipid particle described herein such as a nucleic
acid-lipid particle (e.g., SNALP).

In yet another aspect, the present invention provides meth-
ods for the in vivo delivery of an active agent or therapeutic
agent(e.g., nucleic acid), the method comprising administer-
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ing to a mammalian subjecta lipid particle described herein
such as a nucleic acid-lipid particle (e.g., SNALP).

Ina further aspect, the present invention provides methods
for treating a disease or disorder in a mammalian subject in
need thereof, the method comprising administering to the
mammalian subject a therapeutically effective amount of a
lipid particle described herein such as a nucleic acid-lipid
particle (e.g., SNALP).

Other objects, features, and advantages of the present
invention will be apparent to one of skill in the art from the
following detailed description andfigures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A (Samples 1-8) and FIG. 1B (Samples 9-16) illus-
trate data demonstrating the activity of 1:57 SNALPcontain-
ing Eg5 siRNA in a human colon cancercell line.

VIG. 2 illustrates data demonstrating the activity of 1:57
SNALP containing ApoB siRNA following intravenous
administration in mice.

FIG.3 illustrates additional data demonstrating the activity
of 1:57 SNALP containing ApoB siRNA following intrave-
nous administration in mice. Each bar represents the group
meanoffive animals. Error bars indicate the standard devia-
tion.

FIG. 4 illustrates data demonstrating the activity of 1:57
and 1:62 SNALP containing ApoB siRNAfollowingintrave-
nous administration in mice.

FIG, 5 illustrates data demonstrating the activity of 1:62
SNALP containing ApoB siRNA following intravenous
administration in mice.

FIG. 6A (expressed as IU/L) and FIG. 6B (expressed as
x-Fold Upper Limit of Normal) illustrate data demonstrating
that the tolerability of 1:57 SNALP containing ApoB siRNA
preparedbycitrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters.

FIG. 7A (expressed as liver ApoB:GAPD mRNAratio),
FIG. 7B(expressed as relative plasma ApoB-100 concentra-
tion), and FIG. 7C (expressed as plasma total cholesterol)
illustrate data demonstrating that the efficacy of 1:57 SNALP
containing ApoB siRNApreparedby gear pump wassimilar
to the same SNALPprepared by syringepress.

FIG. 8 illustrates data demonstrating that there was very
little effect on body weight 24 hours after administration of
1:57 SNALP containing ApoB siRNA.

FIG. 9 illustrates data demonstrating that there were no
obvious changesinplatelet count after administration of 1:57
SNALPcontaining ApoB siRNA.

FIG. 10A (expressed as IU/L) and FIG. 10B (expressed as
x-Fold Upper Limit of Normal) illustrate data demonstrating
that clinically significant liver enzyme elevations (3xULN)
occurredat particular drug dosages of 1:57 SNALP contain-
ing ApoB siRNA.

FIG, 11A(expressed as liver ApoB:GAPD mRNAratio)
and FIG. 11B (expressedas relative plasma ApoB-100 con-
centration) illustrate data demonstrating that the potency of
the lower lipid:drug (L:D) 1:57 SNALP containing ApoB
siRNA was as goodasthat of the higher L:1) SNALPatthe
tested drug dosages.

FIG. 12 illustrates data demonstrating that ApoB protein
and total cholesterol levels were reduced to a similar extent by
1:57 SNALP containing ApoB siRNAat a 6:1 input L:D ratio
(final ratio of 7:1) and 1:57 SNALPat a 9:1 input L:D ratio
(final ratio of 10:1).

l'IG. 13 illustrates data demonstrating that a treatment
regimen of 1:57 SNALP with siRNA targeting PLK-1 is well
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tolerated with no apparent signs of treatmentrelated toxicity
in mice bearing Hep3Bliver tumors.

FIG. 14 illustrates data demonstrating that treatment with
1:57 SNALP containing PLK-1 siRNA caused a significant
increase in the survival of Hep3B tumor-bearing mice.

FIG. 15 illustrates data demonstrating that treatment with
1:57 SNALP containing PLK-1 siRNA reduced PLK-1
mRNAlevels by 50% in intrahepatic Hep3B tumors growing
in mice 24 hours after SNALP administration.

FIG. 16 illustrates data demonstratingthat a specific cleav-
age product of PLK-1 mRNA wasdetectable by 5' RACE-
PCR in mice treated with 1:57 SNALP containing PLK-1
siRNA. 10 ul PCR product/well were loaded onto a 1.5%
agarose gel. Lane Nos.: (1) molecular weight (MW) marker;
(2) PBS mouse1; (3) PBS mouse2; (4) PBS mouse3; (5) Lue
SNALP mouse 1; (6) Luc SNALP mouse 2; (7) PLK SNALP
mouse 1; (8) PLK SNALP mouse 2; (9) PLK SNALP mouse
3; and (10) no template control.

FIG. 17 illustrates data demonstrating that control (Luc)
1:57 SNALP-treated mice displayed normal niitoses in
Hep3B tumors (top panels), whereas mice treated with 1:57
SNALP containing PLK-1 siRNA exhibited numerous aber-
rant mitoses and tumorcell apoptosis in Hep3B tumors(bot-
tom panels).

FIG. 18 illustrates data demonstrating that multiple doses
of 1:57 PLK-1 SNALP containing PEG-cDSA induced the
regression ofestablished Hep3B subcutaneous(S.C.) tumors.

FIG. 19 illustrates data demonstrating PLK-1 mRNA
silencing using 1:57 PLK SNALP in S.C. Hep3B tumors
following a single intravenous SNALP administration.

FIG. 20 illustrates data demonstrating that PLK-1 PEG-
cDSA SNALPinhibited the growth of large S.C. Hep3B
tumors.

FIG. 21 illustrates data demonstrating tumor-derived
PLK-1 mRNAsilencing in Hep3B intrahepatic tumors.

FIG.22 illustrates data demonstrating the blood clearance
profile of 1:57 PLK-1 SNALPcontaining either PEG-cDMA
or PEG-cDSA.

DETAILED DESCRIPTION OF THE INVENTION

I. Introduction

Thepresent inventionis based, in part, upon the surprising
discovery that lipid particles comprising from about 50 mol %
to about 85 mol % ofa cationic lipid, from about 13 mol % to
about 49.5 mol % ofa non-cationic lipid, and from about 0.5
mol %to about 2 mol % of a lipid conjugate provide advan-
tages when usedfor the in vitroor in vivo delivery ofan active
agent, such as a therapeutic nucleic acid (e.g., an interfering
RNA).In particular, as illustrated by the Examplesherein, the
present invention provides stable nucleic acid-lipid particles
(SNALP)that advantageously impart increased activityofthe
encapsulated nucleic acid (e.g., an interfering RNA such as
siRNA) and improvedtolerability ofthe formulations in vivo, $5
resulting in a significant increase in the therapeutic index as
compared to nucleic acid-lipid particle compositions previ-
ously described. Additionally, the SNALPofthe invention are
stable in circulation, e.g., resistant to degradation by
nucleases in serum, and are substantially non-toxic to mam-
mals such as humans. As a non-limiting example, FIG. 3 of
Example 4 shows that one SNALP embodimentofthe inven-
tion (“1:57 SNALP”’) was more than 10 timesas efficacious as
compared to a nucleic acid-lipid particle previously described
(“2:30 SNALP”) in mediating target gene silencing at a
10-fold lower dose. Similarly, [1G. 2 ofxample 3 showsthat
the “1:57 SNALP”formulation was substantially more effec-
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tive at silencing the expressionofa target gene as compared to
nucleic acid-lipid particles previously described (‘2:40
SNALP”).

In certain embodiments, the present invention provides
improved compositions for the delivery of interfering RNA
such as siRNA molecules. In particular, the Examples herein
illustrate that the improvedlipid particle formulations of the
invention are highly effective in downregulating the mRNA
and/or protein levels of target genes. Furthermore, the
Examplesherein illustrate that the presence ofcertain molar
ratios oflipid components results in improved or enhanced
activity of these lipid particle formulations of the present
invention. For instance, the “1:57 SNALP” and “1:62
SNALP”formulations described herein are exemplary for-
mulationsofthe present inventionthatare particularly advan-
tageous because they provide improved efficacy andtoler-
ability in vivo, are serum-stable, are substantially non-toxic,
are capable of accessing extravascular sites, and are capable
of reaching target cell populations.

‘The lipid particles and compositions of the present inven-
tion may be used for a variety of purposes, including the
delivery of associated or encapsulated therapeutic agents to
cells, both in vitro and in vivo. Accordingly, the present
invention provides methodsfor treating diseases or disorders
in a subject in need thereof, by contacting the subject with a
lipid particle described herein comprising one or moresuit-
able therapeutic agents.

Various exemplary embodiments ofthe lipid particles of
the invention, as well as compositions and formulations com-
prising the same, andtheir use to deliver therapeutic agents
and modulate target gene and protein expression, are
described in further detail below.

II. Definitions

As used herein, the following terms have the meanings
ascribed to them unless specified otherwise.

The term “interfering RNA” or “RNAi” or “interfering
RNA sequence”refers to single-stranded RNA(e.g., mature
miRNA)or double-stranded RNA(i.e., duplex RNA such as
siRNA, aiRNA,or pre-miRNA)that is capable ofreducing or
inhibiting the expression ofa target gene or sequence(e.g., by
mediating the degradation or inhibiting the translation of
mRNAs which are complementary to the interfering RNA
sequence) whenthe interfering RNAis in the samecell as the
target gene or sequence. Interfering RNA thus refers to the
single-stranded RNA that is complementary to a target
mRNA sequenceor to the double-stranded RNA formed by
two complementary strands or bya single, self-complemen-
tary strand. Interfering RNA may have substantial or com-
plete identity to the target gene or sequence, or may comprise
a region of mismatch(i.e., a mismatch motif). The sequence
of the interfering RNA can correspondto the full-length tar-
get gene, or a subsequencethereof.

Interfering RNA includes “small-interfering RNA” or
“siRNA,” e.g., interfering RNA of about 15-60, 15-50, or
15-40 (duplex) nucleotides in length, more typically about
15-30, 15-25, or 19-25 (duplex) nucleotides in length, and is
preferably about 20-24, 21-22, or 21-23 (duplex) nucleotides
in length (e.g., each complementary sequence of the double-
stranded siRNA is 15-60, 15-50, 15-40, 15-30, 15-25, or
19-25 nucleotides in length, preferably about 20-24, 21-22,or
21-23 nucleotides in length, and the double-stranded siRNA
is about 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 base
pairs in length, preferably about 18-22, 19-20, or 19-21 base
pairs in length). siRNA duplexes may comprise 3' overhangs
of about 1 to about 4 nucleotides or about 2 to about 3
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nucleotides and 5' phosphate termim. Examples of siRNA
include, withoutlimitation, a double-stranded polynucleotide
molecule assembled from two separate stranded molecules,
wherein one strand is the sense strand and the other is the

complementary antisense strand; a double-stranded poly-
nucleotide molecule assembled from a single stranded mol-
ecule, where the sense and antisense regions are linked by a
nucleic acid-based or non-nucleic acid-based linker; a
double-stranded polynucleotide molecule with a hairpin sec-
ondary structure having self-complementary sense and anti-
sense regions; and a circular single-stranded polynucleotide
molecule with two or more loop structures and a stemhaving,
self-complementary sense and antisense regions, where the
circular polynucleotide can be processed invivoorinvitro to
generate an active double-stranded siRNA molecule.

Preferably, siRNA are chemically synthesized. siRNA can
also be generated by cleavage of longer dsRNA(e.g., dsRNA
greater than about 25 nucleotides in length) with the E. coli
RNase III or Dicer. These enzymes process the dsRNAinto
biologically active siRNA (see, e.g., Yang et al., Proc. Natl.
Acad, Sci. USA, 99:9942-9947 (2002); Calegari et al., Proc.
Natl. Acad. Sci. USA, 99:14236 (2002); Byrom et al.,Ambion
TechNotes, 10(1):4-6 (2003); Kawasakiet al., Nucleic Acids
Res., 31:981-987 (2003): Knightet al., Science, 293:2269-
2271 (2001); and Robertson et al., 4 Biol. Chem., 243:82
(1968)). Preferably, dsRNA are at least 50 nucleotides to
about 100, 200, 300, 400, or 500 nucleotides in length. A
dsRNAmay beaslong as 1000, 1500, 2000, 5000 nucleotides
in length, or longer. The dsRNA can encodefor an entire gene
transcript or a partial gene transcript. In certain instances,
siRNA may be encoded by a plasmid (e.g., transcribed as
sequences that automatically fold into duplexes with hairpin
loops).

As used herein, the term “mismatch motif” or “mismatch
region”refers to a portion ofaninterfering RNA(e.g., siRNA,
aiRNA, miRNA) sequence that does not have 100% comple-
mentarity to its target sequence. An interfering RNA may
haveat least one, two, three, four, five, six, or more mismatch
regions. The mismatch regions may be contiguous or may be
separated by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more
nucleotides. The mismatch motifs or regions may comprise a
single nucleotide or may comprise two, three, four, five, or
more nucleotides.

An “effective amount” or “therapeutically effective
amount”of an active agent or therapeutic agent such as an
interfering RNA is an amount sufficient to produce the
desired effect, e.g., an inhibition of expression of a target
sequence in comparison to the normal expression level
detected in the absence ofan interfering RNA.Inhibition of
expression of a target gene or target sequence is achieved
when the value obtained with an interfering RNArelative to
the control is about 90%, 85%, 80%, 75%, 70%, 65%, 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%,
or 0%. Suitable assays for measuring expression of a target
geneortarget sequence include, e.g., examination ofprotein
or RNAlevels using techniques knownto those ofskill in the
art such as dot blots, northern blots, in situ hybridization,
ELISA, immunoprecipitation, enzyme function, as well as
phenotypic assays knownto those of skill in the art.

By “decrease,” “decreasing,”“reduce,” or “reducing”ofan
immuneresponse by aninterfering RNAis intended to mean
a detectable decrease of an immune responseto a given inter-
fering RNA (e.g., a modified interfering RNA). The amount
ofdecrease of an immune response by a modified interfering
RNAmaybe determinedrelative to the level of an immune
responsein the presence ofan unmodified interferingRNA. A
detectable decrease can be about 5%, 10%, 15%, 20%, 25%,
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30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, or more lower than the immune
response detected in the presence of the unmodified interfer-
ing RNA. A decrease in the immuneresponse to interfering
RNAis typically measured by a decrease in cytokine produc-
tion (e.g., IFNy, IFNa,, TNFa,IT.-6, or IT.-12) by a responder
cell in vitro or a decrease in cytokine productioninthe sera of
a mammalian subject after administration of the interfering
RNA.

As used herein, the term “respondercell”refers to a cell,
preferably a mammalian cell, that produces a detectable
unmune response when contacted with an immunostimula-
tory interfering RNA such as an unmodified siRNA. Exem-
plary respondercells include, e.g., dendritic cells, macroph-
ages, peripheral blood mononuclear cells (PBMCs),
splenocytes, and the like. Detectable immune responses
include, e.g., production of cytokines or growth factors such
as TNF-a, IFN-o, IFN-6, IFN-y, IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-10, IL-12, IL-13, TGF, and combinationsthereof.

“Substantial identity” refers to a sequence that hybridizes
to a reference sequence under stringent conditions, or to a
sequencethat has a specified percent identity over a specified
region of a reference sequence.

The phrase “stringent hybridization conditions” refers to
conditions under which a nucleic acid will hybridize to its
target sequence, typically in a complex mixture of nucleic
acids, but to no other sequences. Stringent conditions are
sequence-dependentand will be different in different circum-
stances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of
nucleic acids is found in Tijssen, 7echniques in Biochemistry
and Molecular Biology—Hybridization with Nucleic Probes,
“Overview of principles of hybridization and the strategy of
nucleic acid assays” (1993). Generally, stringent conditions
are selected to be about 5-10° C. lower than the thermal

melting point(T,,,) for the specific sequenceat a defined ionic
strength pH.The T,,, is the temperature (under defined ionic
strength, pH, and nucleic concentration) at which 50% ofthe
probes complementary to the target hybridize to the target
sequenceat equilibrium (asthe target sequencesarepresentin
excess, at T,,,, 50% ofthe probes are occupied at equilibrium).
Stringent conditions may also be achieved with the addition
ofdestabilizing agents such as formamide. For selective or
specific hybridization, a positive signal is at least two times
background, preferably 10 times background hybridization.

Exemplary stringent hybridization conditions can be as
follows: 50% formamide, 5xSSC, and 1% SDS, incubating at
42° C., or, 5xSSC, 1% SDS, incubating at 65° C., with wash
in 0.2xSSC, and 0.1% SDSat 65° C. For PCR, a temperature
of about 36° C. is typical for low stringency amplification,
although annealing temperatures may vary between about
32° C. and 48° C. depending on primer length. For high
stringency PCR amplification, a temperature of about 62° C.
is typical, although high stringency annealing temperatures
can range from about 50° C. to about 65° C., depending on the
primer length and specificity. Typical cycle conditions for
both high and low stringency amplifications include a dena-
turation phase of90° C.-95° C. for 30 sec.-2 min., an anneal-
ing phase lasting 30 sec.-2 min., and an extension phase of
about 72°C.for 1-2 min. Protocols and guidelines for low and
high stringency amplification reactions are provided, e.g., in
Innis et al., PCR Protocols, A Guide to Methods and Appli-
cations, Academic Press, Inc. N.Y. (1990).

Nucleic acids that do not hybridize to each other under
stringent conditions are still substantially identical if the
polypeptides which they encode are substantially identical.
This occurs, for example, when a copy of a nucleic acid is
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created using the maximum codon degeneracy permitted by
the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions. Exemplary “moderately stringent hybridization condi-
tions”include a hybridization in a buffer of 40% formamide,
1M NaCl, 1%SDS at 37° C., anda wash in 1xSSCat 45° C.

A positive hybridizationis at least twice background. Those
ofordinary skill will readily recognize that alternative hybrid-
ization and wash conditions canbe utilized to provide candi-
tions of similar stringency. Additional guidelines for deter-
mining hybridization parameters are provided in numerous
references, e.g., Current Protocols in Molecular Biology,
Ausubelet al., eds.

The terms “substantially identical” or “substantial iden-
tity,” in the context of two or more nucleic acids, refer to two
or more sequences or subsequencesthat are the same or have
a specified percentage ofnucleotides that are the same(1.e., at
least about 60%, preferably at least about 65%, 70%, 75%,
80%, 85%, 90%, or 95% identity over a specified region),
when compared and aligned for maximum correspondence
over a comparison window,or designated region as measured
using one of the following sequence comparison algorithms
or by manual alignment and visual inspection. This defini-
tion, whenthe context indicates, also refers analogously to the
complement of a sequence. Preferably, the substantial iden-
tity exists over a regionthat is at least about 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, or 60 nucleotides in length.

For sequence comparison, typically one sequence acts asa
reference sequence, to which test sequences are compared.
Whenusing a sequence comparison algorithm, test and ref-
erence sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algo-
rithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be
designated. The sequence comparison algorithm then calcu-
lates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program
parameters.

A “comparison window,” as used herein, includes refer-
ence to a segment of any one of a number of contiguous
positions selected from the group consisting offrom about 5
to about 60, usually about 10 to about 45, more usually about
15 to about 30, in which a sequence maybe compared to a
reference sequence of the same number of contiguous posi-
tions after the two sequences are optimally aligned. Methods
of alignment of sequences for comparison are well knownin
the art. Optimal alignment of sequences for comparison can
be conducted, e.g., by the local homologyalgorithm of Smith
and Waterman, Adv. Appl. Math., 2:482 (1981), by the homol-
ogy alignmentalgorithm ofNeedleman and Wunsch, /. Mol.
Biol., 48:443 (1970), by the search for similarity method of
Pearson and Lipman, Proc. Natl. Acad. Sci. USA, 85:2444
(1988), by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTAin the Wis- 5
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manualalign-
ment and visual inspection (see, e.g., Current Protocols in
Molecular Biology, Ausubel et al., eds. (1995 supplement)).

A preferred example of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al.. Nuc. Acids Res., 25:3389-3402
(1977) and Altschulet al., 2 Mol. Biol., 215:403-410 (1990),
respectively. BLAST and BLAST 2.0 are used, with the
parameters described herein, to determine percent sequence
identity for the nucleic acids of the invention. Software for
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performing BLASTanalysesis publicly available through the
National Center for Biotechnology Information (http://www.
nebi.nlm.nih.gov/).

The BLASTalgorithm also performs a statistical analysis
ofthe similarity between two sequences(see, e.g., Karlin and
Altschul, Proc. Nail. Acad. Sci. USA, 90:5873-5787 (1993)).
One measure ofsimilarity provided by the BLASTalgorithm
is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two
nucleotide sequences would occur by chance. For example, a
nucleic acid is considered similar to a reference sequenceif
the smallest sum probability in a comparison of the test
nucleic acid to the reference nucleic acid is less than about

0.2, more preferably less than about 0.01, and mostpreferably
less than about 0.001.

The term “nucleic acid”as used herein refers to a polymer
containing at least two deoxyribonucleotides or ribonucle-
otides in either single- or double-stranded form and includes
DNA and RNA. DNAmaybein the form of, e.g., antisense
molecules, plasmid DNA, pre-condensed DNA, a PCR prod-
uct, vectors (P1, PAC, BAC, YAC,artificial chromosomes),
expression casscties, chimeric sequences, chromosomal
DNA,orderivatives and combinations of these groups. RNA
may be in the form of siRNA, asymmetrical interfering RNA
(aiRNA), microRNA (miRNA), mRNA, tRNA, rRNA,
tRNA, viral RNA (vRNA), and combinations thereof.
Nucleic acids include nucleic acids containing knownnucle-
otide analogs or modified backbone residues or linkages,
which are synthetic, naturally occurring, and non-naturally
occurring, and which have similar binding properties as the
reference nucleic acid. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidates,
methyl phosphonates, chiral-methyl phosphonates, 2'-O-me-
thyl ribonucleotides, and peptide-nucleic acids (PNAs).
Unless specifically limited, the term encompasses nucleic
acids containing knownanaloguesofnatural nucleotides that
have similar binding properties as the reference nucleic acid.
Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively modi-
fied variants thereof (e.g., degenerate codon substitutions),
alleles, orthologs, SNPs, and complementary sequences as
well as the sequenceexplicitly indicated. Specifically, degen-
erate codon substitutions may be achieved by generating
sequencesin whichthe third position of one or more selected
(or all) codonsis substituted with mixed-base and/or deoxyi-
nosine residues (Batzer et al., Nucleic Acid Res., 19:5081
(1991); Ohtsukaet al., J. Biol. Chem., 260:2605-2608 (1985);
Rossoliniet al., Mol. Cell. Probes, 8:91-98 (1994)). “Nucle-
otides” contain a sugar deoxyribose (DNA)or ribose (RNA),
a base, and a phosphate group. Nucleotides are linked
together through the phosphate groups. “Bases” include
purines and pyrimidines, which further include natural com-
pounds adenine, thymine, guanine, cytosine, uracil, inosine,
and natural analogs, and synthetic derivatives of purines and
pyrimidines, which include, but are not limited to, modifica-
tions which place new reactive groups such as, but notlimited
to, amines, alcohols, thiols, carboxylates, and alkylhalides.

The term “gene” refers to a nucleic acid (e.g., DNA or
RNA)sequencethat comprisespartial length or entire length
coding sequences necessaryfor the production of a polypep-
tide or precursor polypeptide.

“Gene product,” as used herein, refers to a product of a
gene such as an RNAtranscript or a polypeptide.

The term “lipid” refers to a group of organic compounds
that include,butare not limited to, esters offatty acids and are
characterized bybeing insoluble in water, but soluble in many
organic solvents. They are usually divided into at least three
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classes: (1) “simplelipids,” which includefats andoils as well
as waxes; (2) “compoundlipids,” which include phospholip-
ids and glycolipids; and (3) “derived lipids” such assteroids.

A “lipid particle” is used herein to refer to a lipid formu-
lation that can be used to deliver an active agent or therapeutic
agent, such as a nucleic acid (e.g., an interfering RNA), to a
target site of interest. In the lipid particle of the invention,
whichis typically formed from a cationic lipid, anon-cationic
lipid, and a conjugated lipid that prevents aggregation ofthe
particle, the active agent or therapeutic agent may be encap-
sulated in the lipid, thereby protecting the agent from enzy-
matic degradation.

Asused hercin, the term “SNALP”refers to a stable nucleic
acid-lipid particle. A SNALPrepresents a particle made from
lipids (e.g., a cationic lipid, a non-cationic lipid, and a con-
jugated lipid that prevents aggregation of the particle),
wherein the nucleic acid (e.g., siRNA, aiRNA, miRNA,
ssDNA, dsDNA, ssRNA, short hairpin RNA (shRNA),
dsRNA, or a plasmid, including plasmids trom which an
interfering RNA is transcribed) is fully encapsulated within
the lipid. As used herein, the term “SNALP” includes an
SPLP, which is the term usedto refer to a nucleic acid-lipid
particle comprising a nucleic acid (e.g., a plasmid) encapsu-
lated within the lipid. SNALP and SPLPtypically contain a
cationic lipid, anon-cationielipid, and a lipid conjugate(e.g.,
a PEG-lipid conjugate). SNALP and SPLP are extremely
useful for systemic applications, as they can exhibit extended
circulation lifetimes following intravenous (i.v.) injection,
they can accumulateat distal sites (e.g., sites physically sepa-
rated from the administration site), and they can mediate
expression ofthe transfected geneorsilencing of target gene
expressionatthesedistal sites. SPLP include ‘“pSPLP,” which
comprise an encapsulated condensing agent-nucleic acid
complex as set forth in PCT Publication No. WO 00/03683,
the disclosure ofwhich is herein incorporated by reference in
its entirety for all purposes.

Thelipid particles of the invention (e.g., SNALP)typically
have a mean diameter of from about 40 nm to about 150 nm,
from about 50 nmto about 150 nm, from about 60 nmto about
130 nm,from about 70 nmto about 110 nm, or from about 70
to about 90 nm, and are substantially non-toxic. In addition,
nucleic acids, when presentin thelipid particles of the inven-
tion, are resistant in aqueoussolution to degradation with a
nuclease. Nucleic acid-lipid particles and their method of
preparation are disclosed in, e.g., U.S. Patent Publication
Nos. 20040142025 and 20070042031, the disclosures of
which are herein incorporated by reference in their entirety
for all purposes.

As used herein, “lipid encapsulated” can refer to a lipid
particle that provides an active agent or therapeutic agent,
such as a nucleic acid (e.g., an interfering RNA), with full
encapsulation, partial encapsulation, or both. In a preferred
embodiment, the nucleic acid is fully encapsulated in thelipid
particle (e.g., to form an SPLP, pSPLP, SNALP, or other
nucleic acid-lipid particle).

The term “lipid conjugate”refers to a conjugatedlipid that
inhibits aggregation oflipid particles. Such lipid conjugates
include, but are not limited to, polyamide oligomers(e.g.,
ATTA-lipid conjugates), PEG-lipid conjugates, such as PEG
coupled to dialkyloxypropyls, PEG coupled to diaeylglycer-
ols, PEG coupled to cholesterol, PEG coupled to phosphati-
dylethanolamines, PEG conjugated to ceramides (see, e.g.,
USS. Pat. No. 5,885,613, the disclosure of which is herein
incorporated by reference in its entirety for all purposes),
cationic PEG lipids, and mixtures thereof. PEG can be con-
jugated directly to the lipid or may belinkedto the lipid viaa
linker moiety. Any linker moiety suitable for coupling the
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PEGto a lipid can be used including, e.g., non-ester contain-
ing linker moieties and ester-containing linker moieties. In
preferred embodiments, non-ester containing linker moieties
are used.

The term “amphipathic lipid”refers,inpart, to any suitable
material whercin the hydrophobic portion of the lipid mate-
rial orients into a hydrophobic phase, while the hydrophilic
portion orients toward the aqueous phase. Hydrophilic char-
acteristics derive from the presence of polar or charged
groupssuchas carbohydrates, phosphate, carboxylic, sulfato,
amino, sulfhydryl, nitro, hydroxyl, and other like groups.
Hydrophobicity can be conferred bythe inclusion ofapolar
groups that include, but are not limited to, long-chain satu-
rated and unsaturatedaliphatic hydrocarbongroups and such
groups substituted by one or more aromatic, cycloaliphatic,
or heterocyclic group(s). Examples of amphipathic com-
poundsinclude,but are not limited to, phospholipids, anuino-
lipids, and sphingolipids.

Representative examples ofphospholipids include, but are
not limited to, phosphatidylcholine, phosphatidylethanola-
mine, phosphatidylscrinc, phosphatidylinositol, phospha-
tidic acid, palmitoyloleoyl phosphatidylcholine, lysophos-
phatidylcholine, lysophosphatidylethanolamine,
dipalmitoylphosphatidylcholine, dioleoylphosphatidylcho-
line, distearoylphosphatidylcholine, and dilinoleoylphos-
phatidylcholine. Other compounds lacking in phosphorus,
such as sphingolipid, glycosphingolipid families, diacylglyc-
erols, and B-acyloxyacids, are also within the group desig-
nated as amphipathic lipids. Additionally, the amphipathic
lipids described above can be mixed withother lipids includ-
ing triglycerides andsterols.

The term “neutral lipid”refers to any of a numberoflipid
species that exist either in an uncharged or neutral zwitteri-
onic format a selected pH. At physiological pH, suchlipids
include, for example, diacylphosphatidylcholine, dia-
cylphosphatidylethanolamine, ceramide, sphingomyelin,
cephalin, cholesterol, cerebrosides, and diacylglycerols.

The term “non-cationic lipid” refers to any amphipathic
lipid as well as anyother neutral lipid or anionic lipid.

The term “anionic lipid” refers to any lipid that is nega-
tively charged at physiological pH. Theselipids include, but
are not limited to, phosphatidylglycerols, cardiolipins, dia-
cylphosphatidylserines, diacylphosphatidic acids, N-dode-
canoyl phosphatidylethanolamines, N-succinyl phosphati-
dylethanolamines, N-glutarylphosphatidylethanolamines,
lysylphosphatidylglycerols, palmitoyloleyolphosphatidylg-
lycerol (POPG), and other anionic modifying groups joined
to neutral lipids.

The term “cationic lipid”refers to any of a numberoflipid
species that carry a net positive charge at a selected pH, such
as physiological pH(e.g., pH of about 7.0). It has been sur-
prisingly found that cationic lipids comprising alkyl chains
with multiple sites of unsaturation, e.g., at least two or three
sites of unsaturation, are particularly useful for forming lipid
particles with increased membranefluidity. A numberofcat-
ionic lipids and related analogs, which are also useful in the
present invention, have been described in U.S. Patent Publi-
cation Nos. 20060083780 and 20060240554; U.S. Pat. Nos.
5,208,036; 5,264,618; 5,279,833; 5,283,185; 5,753,613; and
5,785,992; and PCT Publication No. WO 96/10390, the dis-
closures ofwhich areherein incorporated byreference in their
entirety for all purposes. Non-limiting examples of cationic
lipids are described in detail herein. In some cases, the cat-
ionic lipids comprise a protonatable tertiary amine(e.g., pI
titratable) head group, C18 alkyl chains, ether linkages

 

JA0033
GENV-00000033



JA0034

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 35 of 695 PageID #: 6826Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 35 of 695 PagelD #: 6826

US 8,058,069 B2
13

between the head group and alkyl chains, and 0 to 3 double
bonds. Such lipids include, e.g., DSDMA, DLinDMA,
DLenDMA, and DODMA.

The term “hydrophobic lipid”refers to compounds having
apolar groupsthat include, but are not limited to, long-chain
saturated and unsaturated aliphatic hydrocarbon groups and
such groups optionally substituted by one or more aromatic,
cycloaliphatic, or heteracyclic group(s). Suitable examples
include, but are not limited to, diacylglycerol, dialkylglyc-
erol, N—N-dialkylamino, 1,2-diacyloxy-3-aminopropane,
and 1 ,2-dialkyl-3-aminopropane.

The term“fusogenic”refers to the ability ofa lipid particle,
such as a SNALP,to fuse with the membranesofa cell. The
membranes can be either the plasma membrane or mem-
branes surrounding, organelles, e.g., endosome, nucleus, etc.

As used herein, the term “aqueous solution”refers to a
composition comprising in whole, or in part, water.

Asused herein,the term “organic lipid solution”refers to a
composition comprising in whole, or in part, an organic sol-
vent having a lipid.

“Distal site,” as used herein,refers to a physically separated
site, which is not limited to an adjacent capillary bed, but
includes sites broadlydistributed throughout an organism.

“Serum-stable” in relation to nucleic acid-lipid particles
such as SNAIP meansthat the particle is not significantly
degraded after exposure to a serum or nuclease assay that
would significantly degrade free DNA or RNA.Suitable
assays include, for example, a standard serum assay, a DNAse
assay, or an RNAse assay.

“Systenuc delivery,” as used herein, refers to delivery of
lipid particles that leads to a broad biodistribution ofan active
agentor therapeutic agent such as an interfering RNA within
an organism. Some techniques of administration can lead to
the systemic delivery of certain agents, but not others. Sys-
temic delivery means that a useful, preferably therapeutic,
amount of an agent is exposed to most parts of the body. To
obtain broad biodistribution generally requires a blood life-
time such that the agent is not rapidly degraded or cleared
(such as byfirst pass organs (liver, lung, etc.) or by rapid,
nonspecific cell binding) before reaching a diseasesite distal
to the site of administration. Systemic delivery of lipid par-
ticles can be by any means known in the art including, for
example, intravenous, subcutaneous, andintraperitoneal. Ina
preferred embodiment, systemic delivery oflipid particlesis
by intravenousdelivery.

“Local delivery,’ as used herein, refers to delivery of an
active agent or therapeutic agent suchas an interfering RNA
directly to a target site within an organism. For example, an
agent can be locally delivered by direct injectioninto a dis-
ease site such as a tumoror othertarget site such asasite of
inflammation or a target organ such astheliver, heart, pan-
creas, kidney, andthelike.

The term “mammal!”refers to any mammalian species such
as a human, mouse,rat, dog, cat, hamster, guinea pig, rabbit,
livestock, andthe like.

The term “cancer” refers to any memberofa class of
diseases characterized bythe uncontrolled growth ofaberrant
cells. The term includes all known cancers and neoplastic
conditions, whether characterized as malignant, benign, soft
tissue, or solid, and cancersofall stages and grades including
pre- and post-metastatic cancers. Examples ofdifferent types
of cancer include, but are not limited to, lung cancer, colon
cancer, rectal cancer, anal cancer, bile duct cancer, small
intestine cancer, stomach(gastric) cancer, esophageal cancer;
gallbladder cancer, liver cancer, pancreatic cancer, appendix
cancer, breast cancer, ovarian cancer; cervical cancer, pros-
tate cancer, renal cancer(e.g., renal cell carcinoma), cancer of
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the central nervous system, glioblastoma, skin cancer, lym-
phomas, choriocarcinomas, head and neck cancers, osteo-
genic sarcomas,and blood cancers. Non-limiting examples of
specific types of liver cancer include hepatocellular carci-
noma (HCC), secondary liver cancer(e.g., caused by metasta-
sis of someother non-liver cancer cell type), and hepatoblas-
toma. As used herein, a “tumor” comprises one or more
cancerouscells.

III. Description of the Embodiments

The present invention provides novel, serum-stable lipid
particles comprising one or moreactive agents or therapeutic
agents, methods ofmakingthe lipid particles, and methods of
delivering and/or administering the lipid particles (e.g., for
the treatment of a disease or disorder).

In one aspect, the present invention provideslipid particles
comprising: (a) one or more active agents or therapeutic
agents; (b) one or more cationic lipids comprising from about
50 mol % to about 85 mol %ofthe total lipid present in the
particle; (c) one or more non-cationic lipids comprising from
about 13 mol % to about 49.5 mol % of the total lipid present
in the particle; and (d) one or more conjugated lipids that
inhibit aggregation of particles comprising from about 0.5
mol % to about 2 mol %ofthe total lipid present in the
particle.

In certain embodiments, the active agent or therapeutic
agent is fully encapsulated withinthe lipid portion ofthe lipid
particle such that the active agent or therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation, e.g., by a nuclease or protease. In certain other
embodiments, the lipid particles are substantially non-toxic
to mammals such as humans.

Insome embodiments, the active agentor therapeutic agent
comprises a nucleic acid. In certain instances, the nucleic acid
comprises an interfering RNA molecule such as, e.g., an
siRNA, aiRNA, miRNA,or mixtures thereof. In certain other
instances, the nucleic acid comprises single-stranded or
double-stranded DNA, RNA, ora DNA/RNAhybrid suchas,
e.g., an antisense oligonucleotide, a ribozyme, a plasmid, an
immunostimulatory oligonucleotide, or mixtures thereof.

In other embodiments, the active agentor therapeutic agent
comprises a peptide or polypeptide. In certain instances, the
peptide or polypeptide comprises an antibody suchas,e.g., a
polyclonal antibody, a monoclonal antibody, an antibody
fragment; a humanized antibody, a recombinant antibody, a
recombinant human antibody, a Primatized™antibody, or
mixtures thereof. In certain other instances, the peptide or
polypeptide comprises a cytokine, a growth factor, an apop-
totic factor, a differentiation-inducing factor, a cell-surface
receptor, a ligand, a hormone, a small molecule (e.g., small
organic molecule or compound), or mixtures thereof.

In preferred embodiments, the active agent or therapeutic
agent comprises an siRNA.In one embodiment, the siRNA
molecule comprises a double-stranded region of about 15 to
about 60 nucleotides in length (e.g., about 15-60, 15-50,
15-40, 15-30, 15-25, or 19-25 nucleotides in length, or 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides in length). The
siRNA molecules ofthe invention are capable ofsilencing the
expression ofa target sequence in vitro and/or in vivo.

In some embodiments, the siRNA molecule comprisesat
least one modified nucleotide. In certain preferred embodi-
ments, the siRNA molecule comprises one, two, three, four,
five, six, seven, eight, nine, ten, or more modified nucleotides
in the double-strandedregion.In certain instances, the siRNA
comprises from about 1%to about 100% (e.g., about 1%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
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60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%)
modified nucleotides in the double-stranded region. In pre-
ferred embodiments, less than about 25% (e.g., less than
about 25%, 20%, 15%, 10%, or 5%) or from about 1% to
about 25% (e.g., from about 1%-25%, 5%-25%, 10%-25%,
15%-25%, 20%-25%, or 10%-20%) of the nucleotides in the
double-stranded region comprise modified nucleotides.

In other embodiments, the siRNA molecule comprises
modified nucleotides including, but not limited to, 2'-O-me-
thyl (2'0Me) nucleotides, 2'-deoxy-2'-fluoro (2'F) nucle-
otides, 2'-deoxy nucleotides, 2'-O-(2-methoxyethyl) (MOE)
nucleotides, locked nucleic acid (LNA) nucleotides, and mix-
tures thereof. In preferred embodiments, the siRNA com-
prises 2'OMenucleotides (e.g., 2}OMe purine and/or pyrimi-
dine nucleotides) such as, for example, 2'OMe-guanosine
nucleotides, 2'OMe-uridine nucleotides, 2'O0Me-adenosine
nucleotides, 2'OMe-cytosine nucleotides, and mixtures
thereof. In certain instances, the siRNA does not comprise
2'OMe-cytosine nucleotides. In other embodiments, the
siRNA comprises a hairpin loop structure.

The siRNA may comprise modified nucleotides in one
strand (i.c., sense or antisense) or both strands of the double-
stranded region of the siRNA molecule. Preferably, uridine
and/or guanosine nucleotides are modified at selective posi-
tionsin the double-stranded region ofthe siRNA duplex. With
regard to uridine nucleotide modifications, at least one, two,
three, four, five, six, or more of the uridine nucleotides in the
sense and/orantisense strand can be a modifieduridine nucle-
otide such as a 2'OMe-uridine nucleotide. In some embodi-

ments, every uridine nucleotide in the sense and/or antisense
strand is a 2'OMe-uridine nucleotide. With regard to gua-
nosine nucleotide modifications,at least one, two,three, four,
five, six, or more of the guanosine nucleotides in the sense
and/or antisense strand can be a modified guanosine nucle-
otide such as a 2'OMe-guanosine nucleotide. In some
embodiments, every guanosine nucleotide in the sense and/or
antisense strand is a 2'OMe-guanosine nucleotide.

In certain embodiments,at least one, two, three, four, five,
six, seven, or more 5'-GU-3' motifs in an siRNA sequence
maybe modified, e.g., by introducing mismatches to elimi-
nate the 5'-GU-3' motifs and/or by introducing modified
nucleotides such as 2'OMenucleotides. The 5'-GU-3' motif

can bein the sensestrand, the antisense strand, or both strands
ofthe siRNA sequence. The 5'-GU-3' motifs may be adjacent
to each other or, alternatively, they may be separated by1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more nucleotides.

In some preferred embodiments, a modified siRNA mol-
ecule is less immunostimulatory than a corresponding
unmodified siRNA sequence. In such embodiments, the
modified siRNA molecule with reduced immunostimulatory
properties advantageously retains RNAiactivity against the
target sequence. In another embodiment, the immunostimu-
latory properties of the modified siRNA molecule and its
ability to silence target gene expression can be balanced or
optimized by the introduction of minimal and selective 5
2'OMe modifications within the siRNA sequence such as,
e.g., within the double-strandedregion ofthe siRNA duplex.
In certain instances, the modified siRNAis at least about 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% less immuno-
stimulatory than the corresponding unmodified siRNA.Itwill
be readily apparent to those ofskill in the art that the immu-
nostimulatory properties of the modified siRNA molecule
and the corresponding unmodified siRNA molecule can be
determined by, for example, measuring INI'-o and/or IL-6
levels from about two to about twelve hours after systemic
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administration in a mammalortransfection of a mammalian

respondercell using an appropriate lipid-based delivery sys-
tem (such as the SNALP delivery system disclosed herein).

In certain embodiments, a modified siRNA molecule has
anIC., (.e., half-maximal inhibitory concentration) less than
or equal to ten-fold that of the corresponding unmodified
siRNA(i.e., the modified siRNA has an IC,, that is less than
or equal to ten-times the IC., of the corresponding unmodi-
fied siRNA). In other embodiments, the modified siRNA has
an IC, less than or equalto three-fold that ofthe correspond-
ing unmodified siRNA sequence.In yet other embodiments,
the modified siRNAhas an IC,, less than or equal to two-fold
that of the corresponding unmodified siRNA. It will be
readily apparentto thoseofskill in the art that a dose-response
curve can be generated and the IC, values for the modified
siRNA and the corresponding unmodified siRNA can be
readily determined using methods knownto those of skill in
the art.

In yet another embodiment, a modified siRNA molecule is
capable ofsilencing at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 100%ofthe expression ofthe target
sequence relative to the corresponding unmodified siRNA
sequence.

In some embodiments, the siRNA molecule does not com-
prise phosphate backbone modifications, e.g., in the sense
and/or antisense strand of the double-stranded region. In
other embodiments, the siRNA comprises one, two, three,
four, or more phosphate backbone modifications, e.g., in the
sense and/or antisense strand of the double-stranded region.
In preferred embodiments, the siRNA does not comprise
phosphate backbone modifications.

In further embodiments, the siRNA does not comprise
2'-deoxy nucleotides, e.g., in the sense and/or antisense strand
of the double-stranded region. In yet further embodiments,
the siRNA comprises one, two, three, four, or more 2'-deoxy
nucleotides, e.g., in the sense and/or antisense strand ofthe
double-stranded region. In preferred embodiments, the
siRNA does not comprise 2'-deoxy nucleotides.

In certain instances, the nucleotide at the 3'-end of the
double-stranded region in the sense and/or antisense strandis
not a modified nucleotide. In certain other instances, the
nucleotides near the 3'-end(e.g., within one, two, three, or
four nucleotides of the 3'-end) of the double-stranded region
in the sense and/or antisense strand are not modified nucle-
otides.

The siRNA molecules described herein may have 3' over-
hangsof one, two, three, four, or more nucleotides on one or
both sides of the double-stranded region, or may lack over-
hangs (i.e., have blunt ends) on one or both sides of the
double-stranded region. Preferably, the siRNA has 3' over-
hangs of two nucleotides on each side of the double-stranded
region. In certain instances, the 3' overhang on the antisense
strand has complementarity to the target sequence andthe 3'
overhang on the sense strand has complementarity to a
complementary strand of the target sequence. Alternatively,
the 3' overhangs do not have complementarity to the target
sequence or the complementary strand thereof. In some
embodiments, the 3' overhangs comprise one, two, three,
four, or more nucleotides such as 2'-deoxy (2'H) nucleotides.
In certain preferred embodiments, the 3' overhangs comprise
deoxythymidine (dT) and/or uridine nucleotides. In other
embodiments, one or more of the nucleotides in the 3' over-

hangs on one or both sides of the double-stranded region
comprise modified nucleotides. Non-limiting examples of
modified nucleotides are described above and include 2?0Me

nucleotides, 2'-deoxy-2'F nucleotides, 2'-deoxy nucleotides,

JA0035
GENV-00000035



JA0036

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 37 of 695 PageID #: 6828Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 37 of 695 PagelD #: 6828

US 8,058,069 B2
17

2'-O-2-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In preferred embodiments, one, two, three, four, or
more nucleotides in the 3' overhangs present on the sense
and/or antisense strand of the siRNA comprise 2'OMenucle-
otides (e.g., 2'0Me purine and/or pyrimidine nucleotides)
suchas, for example, 2'0Me-guanosine nucleotides, 2'OMe-
uridine nucleotides, 2'}0Me-adenosine nucleotides, 2'OMe-
cytosine nucleotides, and mixtures thereof.

The siRNA may comprise atleast one or a cocktail(e.g., at
least two,three, four, five, six, seven, eight, nine, ten, or more)
ofunmodified and/or modified siRNA sequencesthat silence
target pene expression. The cocktail of siRNA may comprise
sequences which are directed to the same region or domain
(e.g., a “hot spot”) and/or to different regions or domains of
one or more target genes. In certain instances, one or more
(e.g., at least two, three, four, five, six, seven, eight, nine, ten,
or more) modified siRNA that silence target gene expression
are present in a cocktail. In certain other instances, one or
more (e.g., at least two, three, four, five, six, seven, eight,
nine, ten, or more) unmodified siRNA sequencesthat silence
target gene expressionare present in a cocktail.

In some embodiments, the antisense strand of the siRNA

molecule comprises or consists of a sequencethatis at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
complementaryto the target sequenceor a portion thereof. In
other embodiments, the antisense strand of the siRNA mol-
ecule comprises or consists of a sequence that is 100%
complementaryto the target sequence ora portion thereof. In
further embodiments,the antisense strand ofthe siRNA mol-
ecule comprises or consists of a sequence that specifically
hybridizes to the target sequence or a portion thereof.

In further embodiments, the sense strand of the siRNA
molecule comprises or consists of a sequencethat is at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% iden-
tical to the target sequenceor a portion thereof. In additional
embodiments, the sense strand of the siRNA molecule com-
prises or consists of a sequencethat is 100% identical to the
target sequenceor a portion thereof.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNAsuch as siRNA),the cationic lipid
may comprise, e.g., one or more ofthe following: 1,2-dilino-
leyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-dili-
nolenyloxy-N,N-dimethylaminopropane (DLenDMA), 2,2-
dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin-
K-C2-DMA; “XTC2”), 2,2-dilinoleyl-4-(3-
dimethylaminopropy])-|1,3|-dioxolane (DLin-K-C3-DMA),
2,2-dilinoleyl-4-(4-dimethylaminobuty])-[1,3]-dioxolane
(DLin-K-C4-DMA), 2,2-dilinoleyl-5-dimethylaminom-
ethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilincleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MPZ), 2,2-dili-
noleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-
DMA), 1,2-dilinoleylcarbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP), 1,2-dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-
dilinoleyoxy-3-morpholinopropane (DLin-MA), 1,2-
dilinoleoyl-3-dimethylaminopropane (DLinDAP),—1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA),
1-linoleoyl-2-linoleyloxy-3-dimethylaminopropane (DLin-
2-DMAP), 1 ,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.C]), 1,2-dilinoleoyl-3-trimethy-
laminopropane chloride salt (DLin-TAP.Cl), 1,2-dilinoley-
loxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N,N-
dilincleylamino)-1,2-propanediol (DLinAP),  3-(N,N-
dioleylamino)-1,2-propanedio (DOAP), 1,2-dilinoleyloxo-3-
(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA),
N,N-dioleyl-N,N-dimethylammonium chloride (DODAC),
1,2-dioleyloxy-N,N-dimethylaminopropane (DODMA),
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1,2-distearyloxy-N,N-dimethylaminopropane (DSDMA),
N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium
chloride (DOTMA), N,N-distearyl-N,N-dimethylammo-
nium bromide (DDAB), N-(1-(2,3-dioleoyloxy)propyl)-N,N,
N-trimethylammonium chloride (DOTAP), 3-(N—-(N',N'-
dimethylaminoethane)-carbamoyl)cholesterol (DC-Chol),
N-(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxy-
ethyl ammonium bromide (DMRIB), 2,3-dioleyloxy-N-[2
(spermine-carboxamido)ethyl]-N,N-dimethy]-1-propan-
aminiumtrifluoroacetate (DOSPA), dioctadecylamidoglycyl
spermine (DOGS), 3-dimethylamino-2-(cholest-5-en-3-
beta-oxybutan-4-oxy)-1 -(cis,cis-9,12-octadecadienoxy)pro-
pane (CLinDMA), 2-[5'-(cholest-5-cn-3-beta-oxy)-3'-oxap-
entoxy)-3-dimethyl-1 -(cis,cis-9', 1-2'-octadecadienoxy)
propane (CpLinDMA), N,N-dimethy1-3,4-
dioleyloxybenzylamine (DMOBA), 1,2-N,N'-
dioleylcarbamyl-3-dimethylaminopropane (DOcarbDAP),
1,2-N,N'-dilinoleylearbamyl-3-dimethylaminopropane
(DLincarbDAP), or mixtures thereof. In certain preferred
embodiments, the cationic lipid is DLinDMA, DLin-K-C2-
DMA (“XTC2”), or mixtures thereof.

The synthesis ofcationic lipids such as DLin-K-C2-DMA
(“XTC2”), DLin-K-C3-DMA, DLin-K-C4-DMA,DLin-K6-
DMA,and DLin-K-MP7Z,as well as additional cationic lip-
ids, is described in U.S. Provisional Application No. 61/104,
212, filed Oct. 9, 2008, the disclosure of which is herein
incorporated by referenceinits entirety for all purposes. The
synthesis of cationic lipids such as DLin-K-DMA, DLin-C-
DAP, DLin-DAC, DLin-MA, DLinDAP, DLin-S-DMA,
DLin-2-DMAP, DLin-TMA.Cl, DLin-TAP.Cl, DLin-MPZ,
DLinAP, DOAP, and DLin-EG-DMA,as well as additional
cationic lipids, is described in PCT Application No. PCT/
US08/88676, filed Dec. 31, 2008, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses. The synthesis of cationic lipids such as CLinDMA,as
well as additional cationic lipids, is described in U.S. Patent
Publication No. 20060240554, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses.

In some embodiments, the cationic lipid may comprise
from about 50 mol % to about 90 mol %,from about 50 mol
% to about 85 mol %, from about 50 mol % to about 80 mol
%, from about 50 mol % to about 75 mol %, from about 50
mol % to about 70 mol %, from about 50 mol % to about 65
mol %, or from about 50 mol % to about 60 mol %ofthetotal
lipid present in the particle.

In other embodiments, the cationic lipid may comprise
from about 55 mol % to about 90 mol %,from about 55 mol
% to about 85 mol %, from about 55 mol % to about 80 mol
%, from about 55 mol % to about 75 mol %, from about 55
mol %to about 70 mol %, or from about 55 mol % to about 65
mol %ofthe total lipid present in the particle.

In yet other embodiments, the cationic lipid may comprise
from about 60 mol % to about 90 mol %, from about 60 mol
% to about 85 mol %, from about 60 mol % to about 80 mol
%, from about 60 mol % to about 75 mol %, or from about 60
mol % to about 70 mol % of the total lipid present in the
particle.

In still yet other embodiments, the cationic lipid may com-
prise from about 65 mol % to about 90 mol %, from about 65
mol % to about 85 mol %, from about 65 mol % to about 80
mol %, or from about 65 mol % to about 75 mol % ofthe total
lipid presentintheparticle.

In further embodiments, the cationic lipid may comprise
from about 70 mol %to about 90 mol %,from about 70 mol
% to about 85 mol %, from about 70 mol % to about 80 mol
%, from about 75 mol %to about 90 mol %, from about 75
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mol %to about 85 mol %,or from about 80 mol % to about 90
mo! % ofthetotal lipid present in the particle.

In additional embodiments, the cationic lipid may com-
prise (at least) about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,

78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, or 90 mol % (or
any fraction thereofor range therein)ofthe total lipid present
in the particle.

In the lipid particles of the invention (e.g., SNALP com-
prising aninterfering RNA such as siRNA), the non-cationic
lipid may comprise, e.g., one or more anionic lipids and/or
neutral lipids. In preferred embodiments, the non-cationic
lipid comprises one of the following neutral lipid compo-
nents: (1) cholesterol or a derivative thereof(2) a phospho-
lipid; or (3) a mixture of a phospholipid and cholesterol or a
derivative thereof.

Examples of cholesterol derivatives include, but are not
limited to, cholestanol, cholestanone, cholestenone, copros-
tanol, cholesteryl-2'-hydroxyethyl ether, cholesteryl-4'-hy-
droxybuty] ether, and mixtures thereof. The synthesis of cho-
lesteryl-2'-hydroxyecthy] cther is described herein.

The phospholipid maybe a neutral lipid including, but not
limited to, dipalmitoylphosphatidylcholine (DPPC), dis-
tearoylphosphatidylcholine (DSPC), dioleoylphosphatidyle-
thanolamine (DOPE), palmitoyloleoyl-phosphatidylcholine
(POPC), palmitoyloleoyl-phosphatidylethanolamine
(POPE), palmitoyloleyol-phosphatidylglycerol (POPG),
dipalmitoyl-phosphatidylethanolamine (DPPE), dimyris-
toyl-phosphatidylethanolamine (DMPE), distearoyl-phos-
phatidylethanolamine (DSPE), monomethy1-phosphatidyle-
thanolamine, dimethyl-phosphatidylethanolamine,
dielaidoyl-phosphatidylethanolamine (DEPE),  stearoyle-
leoyl-phosphatidylethanolamine (SOPE), egg phosphatidyl-
choline (EPC), and mixtures thereof. In certain preferred
embodiments, the phospholipid is DPPC, DSPC, or mixtures
thereof.

In some embodiments, the non-cationic lipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol %to about 60 mol %, from about 15 mol %to
about 60 mol %, from about 20 mol % to about 60 mol %,
from about 25 mol % to about 60 mol %, from about 30 mol
% to about 60 mol %, from about 10 mol % to about 55 mol
%, from about 15 mol % to about 55 mol %, from about 20
mol %to about 55 mol %, from about 25 mol %to about 55
mol %, from about 30 mol % to about 55 mol %, from about
13 mol %to about 50 mol %, from about 15 mol % to about
50 mol %or from about 20 mal % to about 50 mol % of the

total lipid present in the particle. Whenthe non-cationic lipid
is amixture ofa phospholipid and cholesterol or a cholesterol
derivative, the mixture may comprise up to about 40,50, or 60
mol %of the total lipid present in theparticle.

In other embodiments, the non-cationic lipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol % to about 49.5 mol %, from about 13 mol %to
about 49.5 mol %,from about 15 mol %to about 49.5 mol %,
fromabout 20 mol %to about 49.5 mol %, from about 25 mol
% to about 49.5 mol %, from about 30 mol %to about 49.5
mol %, from about 35 mol %to about 49.5 mol %, or from
about 40 mol % to about 49.5 mol % ofthetotal lipid present
in the particle.

In yet other embodiments, the non-cationiclipid (e.g., one
or more phospholipids and/or cholesterol) may comprise
trom about 10 mol % to about 45 mol %, from about 13 mol
% to about 45 mol %, from about 15 mol %to about 45 mol
%, from about 20 mol % to about 45 mol %, from about 25
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mol % to about 45 mol %, from about 30 mol % to about 45
mol %, or from about 35 mol % to about 45 mol % ofthetotal
lipid presentin theparticle.

In still yet other embodiments, the non-cationiclipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 40 mol %,from about 13 mol
% to about 40 mol %, from about 15 mol % to about 40 mol
%, from about 20 mol % to about 40 mol %, from about 25
mol % to about 40 mol %,or from about 30 mol %to about 40
mol %of the total lipid present in the particle.

In further embodiments, the non-cationiclipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol % to about 35 mol %, from about 13 mol % to
about 35 mol %, from about 15 mol % to about 35 mol %,
from about 20 mol % to about 34 mol %,or from about 25 mol
%to about 35 mol %ofthe total lipid present in the particle.

In yet further embodiments, the non-cationic lipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 30 mol %,from about 13 mol
% to about 30 mol %, from about 15 mol % to about 30 mol
%, from about 20 mol % to about 30 mol %, from about 10
mol % to about 25 mol %, from about 13 mol %to about 25
mol %, or from about 15 mol %to about 25 mol %ofthetotal
lipid present in theparticle.

In additional embodiments, the non-cationic lipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
(at least) about 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,55, 56,
57, 58, 59, or 60 mol % (or anyfraction thereof or range
therein) of the total lipid present in theparticle.

In certain preferred embodiments, the non-cationic lipid
comprises cholesterol or a derivative thereof of from about
31.5 mol % to about 42.5 mol % ofthe totallipid present in the
particle. As a non-limiting example, a phospholipid-free lipid
particle ofthe invention may comprise cholesterolor a deriva-
tive thereofat about 37 mol % ofthe total lipid presentin the
particle. In other preferred embodiments, a phospholipid-free
lipid particle of the invention may comprise cholesterol or a
derivative thereofoffrom about 30 mol % to about 45 mol %,
from about 30 mol % to about 40 mol %,from about 30 mol
% to about 35 mol %, from about 35 mol % to about 45 mol
%, from about 40 mol % to about 45 mol %, from about 32
mol % to about 45 mol %, from about 32 mol % to about 42
mol %, from about 32 mol ™%to about 40 mol %, from about
34 mol %to about 45 mol %, from about 34 mol %to about
42 mol %, from about 34 mol % to about 40 mol %, or about
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, or 45
mol % (or any fraction thereofor range therein) ofthe total
lipid present in the particle.

In certain other preferred embodiments, the non-cationic
lipid comprises a mixture of: (i) a phospholipid offrom about
4 mol %to about 10 mol % ofthe total lipid present in the
particle; and (ii) cholesterol or a derivative thereof of from
about 30 mo! % to about 40 mol % ofthe total lipid present in
the particle. As a non-limiting example, a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPC at about 7 mol %and cholesterol at about 34 mol
%of the total lipid present in the particle. In other embodi-
ments, the non-cationic lipid comprises a mixture of: (4) a
phospholipid of from about 3 mol % to about 15 mol %, from
about 4 mol % to about 15 mol %, from about 4 mol % to
about 12 mol %, from about 4 mol % to about 10 mol %, from
about 4 mol %to about 8 mol %,from about 5 mol % to about
12 mol %, from about 5 mol %to about 9 mol %, from about
6 mol % to about 12 mol %, from about 6 mol % to about 10
mol %,or about3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, or 15 mol
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% (or any fraction thereof or range therein) of thetotal lipid
present in the particle; and (ii) cholesterol or a derivative
thereofol from about 25 mol % to about 45 mol %, from about
30 mol %to about 45 mol %, from about 25 mol %to about
40 mol %, from about 30 mol % to about 40 mol %, from
about 25 mol %to about 35 mol %, from about 30 mol % to
about 35 mol %, from about 35 mol % to about 45 mol %,
from about 40 mol % to about 45 mol %, from about 28 mol
% to about 40 mol %, from about 28 mol % to about 38 mol
%, from about 30 mol % to about 38 mol %, from about 32
mol % to about 36 mol %, or about 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37. 38, 39, 40, 41, 42, 43, 44, or 45 mol %
(or any fraction thereof or range therein) of the total lipid
present in theparticle.

In further preferred embodiments, the non-cationic lipid
comprises a mixture of: (1) a phospholipid of from about 10
mol %to about 30 mol %ofthe total lipid present in the
particle; and (ii) cholesterol or a derivative thereof of from
about 10 mol % to about 30 mol % ofthetotal lipid present in
the particle. As a non-limiting example, a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPCat about 20 mol %and cholesterol at about 20 mol
% ofthe total lipid present in the particle. In other embodi-
ments, the non-cationic lipid comprises a mixture of: (i) a
phospholipid offrom about 10 mol %to about 30 mol %, from
about 10 mol %to about 25 mol %, from about 10 mol % to
about 20 mol %, from about 15 mol % to about 30 mol %,
from about 20 mol % to about 30 mol %, trom about 15 mol
% to about 25 mol %, from about 12 mol % to about 28 mol
%, from about 14 mol % to about 26 mol %, or about 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, or 30 mol %(or any fraction thereof or range therein) of
the total lipid present in the particle; and (11) cholesterol or a
derivative thereofoffrom about 10 mol % to about 30 mol %,
from about 10 mol % to about 25 mol %, from about 10 mol
%to about 20 mol %, from about 15 mol % to about 30 mol
%, from about 20 mol % to about 30 mol %, from about 15
mol % to about 25 mol %, from about 12 mol % to about 28
mol %, from about 14 mol % to about 26 mol %, or about 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30 mol % (or any fraction thereof or range therein)
ofthe total lipid present in theparticle.

In the lipid particles ofthe invention (e.g., SNALP com-
prising an interfering RNA such as siRNA), the conjugated
lipid that inhibits aggregation ofparticles may comprise, e.g.,
one or more ofthe following: a polyethyleneglycol (PEG)-
lipid conjugate, a polyamide (ATTA)-lipid conjugate, a cat-
ionic-polymer-lipid conjugates (CPLs), or mixtures thereof.
In one preferred embodiment, the nucleic acid-lipid particles
comprise either a PEG-lipid conjugate or anATTA-lipid con-
jugate. In certain embodiments, the PEG-lipid conjugate or
ATTA-lipid conjugate is used together with a CPL. The con-
jugated lipid that inhibits aggregation ofparticles may com-
prise a PEG-lipid including, e.g., a PEG-diacylglycerol
(DAG), a PEG dialkyloxypropy! (DAA), a PEG-phospho-
lipid, a PEG-ceramide (Cer), or mixtures thereof. The PEG-
DAA conjugate may be PEG-dilauryloxypropyl (C12), a
PEG-dimyristyloxypropyl (C14), a PEG-dipalmityloxypro-
pyl (C16), a PEG-distearyloxypropyl (C18), or mixtures
thereof.

Additional PEG-lipid conjugates suitable for use in the
invention include, but are not limited to, mPEG2000-1,2-di-
O-alkyl-sn3-carbomoylglyceride (PEG-C-DOMG). The syn-
thesis ofPEG-C-DOMGis described in PCT Application No.
PCT/US08/88676, filed Dec. 31, 2008, the disclosure of
whichis herein incorporated byreferencein its entirety forall
purposes. Yet additional PEG-lipid conjugates suitable for
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use in the invention include, without limitation, 1-[8'-(1,2-
dimyristoyl-3-propanoxy)-carboxamido-3',6'-dioxaoctany]]
carbamoyl-w-methyl-poly(ethylene glycol) (2  KPEG-
DMG). The synthesis of 2 KPEG-DMGis described in U.S.
Pat. No. 7,404,969, the disclosure of which is herein incor-
porated by referencein its entirety for all purposes.

The PEG moiety of the PEG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 550 daltons to about 10,000 daltons. In certain
instances, the PEG moiety has an average molecular weight
of from about 750 daltons to about 5,000 daltons(e.g., from
about 1,000 daltons to about 5,000 daltons, from about 1,500
daltons to about 3,000 daltons, from about 750 daltons to
about 3,000 daltons, from about 750 daltons to about 2,000
daltons,etc.). In preferred embodiments, the PEG moietyhas
an average molecular weight of about 2,000daltons or about
750daltons.

In some embodiments, the conjugated lipid that inhibits
aggregationofparticles is a CPLthat has the formula: A-W-—-
Y, wherein A is a lipid moiety, W is a hydrophilic polymer,
and Y is a polycationic moiety. W maybe a polymerselected
from the group consisting of polyethyleneglycol (PEG),
polyamide, polylactie acid, polyglycolic acid, polylactie
acid/polyglycolic acid copolymers, or combinations thereof,
the polymer having a molecular weight of from about 250to
about 7000 daltons. In some embodiments, Y has at least 4
positive charges at a selected pH. In some embodiments, Y
may be lysine, arginine, asparagine, glutamine, derivatives
thereof, or combinations thereof.

In certain instances, the conjugated lipid that inhibits
aggregation of particles (e.g., PEG-lipid conjugate) may
comprise from about 0.1 mol % to about 2 mol %, from about
0.5 mol % to about 2 mol %, from about 1 mol % to about 2
mol %, from about 0.6 mol %to about 1.9 mol %, from about
0.7 mol %to about 1.8 mol %, from about 0.8 mol % to about
1.7 mol %, from about 1 mol % to about 1.8 mol %, from
about1.2 mol %to about 1.8 mol %, from about 1.2 mol % to
about 1.7 mol %, from about 1.3 mol % to about 1.6 mol %,
from about 1.4 mol % to about 1.5 mol %, or about 1, 1.1, 1.2,
1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2 mol % (or any fraction
thereof or range therein) of the total lipid present in the
particle.

In the lipid particles of the invention, the active agent or
therapeutic agent may be fully encapsulated within the lipid
portion oftheparticle, thereby protecting the active agent or
therapeutic agent from enzymatic degradation. In preferred
embodiments, a SNALP comprising a nucleic acid such as an
interfering RNA (e.g., siRNA) is fully encapsulated within
the lipid portion ofthe particle, therebyprotecting the nucleic
acid from nuclease degradation. In certain instances, the
nucleic acid in the SNALPis not substantially degradedafter
exposure of the particle to a nuclease at 37° C. for at least
about 20, 30, 45, or 60 minutes. In certain other instances, the
nucleic acid in the SNALPis not substantially degraded after
incubation ofthe particle in serum at 37° C. for at least about
30, 45, or 60 minutes or at least about 2, 3, 4, 5, 6, 7, 8, 9, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, or 36 hours. In
other embodiments, the active agent or therapeutic agent
(e.g., nucleic acid such as siRNA) is complexed with the lipid
portion ofthe particle. One ofthe benefits ofthe formulations
of the present invention is that the lipid particle compositions
are substantially non-toxic to mammals such as humans.

The term “fully encapsulated” indicates that the active
agent or therapeutic agent in the lipid particle is not signifi-
cantly degraded after exposure to serum or a nuclease or
protease assay that would significantly degrade free DNA,
RNA,orprotein. In a fully encapsulated system, preferably
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less than about 25%ofthe active agentor therapeutic agent in
the particle is degraded in a treatment that would normally
degrade 100% offree active agent or therapeulic agent, more
preferably less than about 10%, and most preferably less than
about 5% of the active agent or therapeutic agent in the
particle is degraded.In the context ofnucleic acid therapeutic
agents, full encapsulation may be determined by an Oli-
green® assay. Oligreen® is an ultra-sensitive fluorescent
nucleic acid stain for quantitating oligonucleotides and
single-stranded DNA or RNA in solution (available from
Invitrogen Corporation; Carlsbad, Calif.). “Fully encapsu-
lated” also indicates that the lipid particles are serum-stable,
thatis, that they do not rapidly decomposeinto their compo-
nent paris upon in vivo administration.

In another aspect, the present invention provides a lipid
particle (e.g., SNALP) composition comprising a plurality of
lipid particles. In preferred embodiments, the active agent or
therapeutic agent (e.g., nucleic acid) is fully encapsulated
within the lipid portion ofthe lipid particles (e.g., SNALP),
suchthat from about 30% to about 100%, from about 40% to
about 100%, from about 50%to about 100%, from about 60%
to about 100%, from about 70% to about 100%, from about
80%to about 100%, from about 90% to about 100%, from
about 30% to about 95%, from about 40%to about 95%, from
about 50%to about 95%, from about 60% to about 95%, %,
from about 70%to about 95%, from about 80% to about 95%,
from about 85%to about 95%, from about 90% to about 95%,
from about 30%to about 90%, from about 40%to about 90%,
from about 50%to about 90%, from about 60%to about 90%,
from about 70%to about 90%, from about 80% to about 90%,
oratleast about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% (or any fraction thereof or range
therein) of the lipid particles (e.g., SNALP) have the active
agentor therapeutic agent encapsulated therein.

Typically, the lipidparticles (e.g., SNALP)ofthe invention
havea lipid:active agent(e.g., lipid:nucleic acid) ratio (mass/
massratio) of from about 1 to about 100. In someinstances,
the lipid:active agent (e.g., lipid:nucleic acid) ratio (mass/
massratio) ranges from about 1 to about 50, from about 2 to
about 25, from about 3 to about 20, from about4 to about 15,
or from about 5 to about 10. In preferred embodiments, the
lipid particles ofthe invention havea lipid:active agent(e.g.,
lipid:nucleic acid) ratio (mass/massratio) of from about 5 to
about15, e.g., about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 (or
any fraction thereof or range therein).

Typically,the lipid particles (e.g., SNALP) ofthe invention
have a mean diameter of from about 40 nm to about 150 nm.

In preferred embodiments, the lipid particles (e.g., SNALP)
ofthe invention have a mean diameter offrom about 40 nmto

about 130 nm, from about 40 nm to about 120 nm,from about
40 nmto about 100 nm, from about 50 nmto about 120 nm,
from about 50 nm to about 100 nm,from about 60 nm to about
120 nm, from about 60 nmto about 110 nm, from about 60 nm
to about 100 nm, from about 60 nm to about 90 nm, from
about 60 nm to about 80 nm, from about 70 nm to about 120
nm, from about 70 nm to about 110 nm,from about 70 nm to
about 100 nm, from about 70 nm to about 90 nm, from about
70 nmto about 80 nm, or less than about 120 nm, 110 nm, 100
nm, 90nm,or 80 nm (or anyfraction thereofor range therein).

In one specific embodimentof the invention, the SNALP
comprises: (a) one or more unmodified and/or modified inter-
fering RNA(e.g., siRNA, aiRNA, miRNA)thatsilence target
gene expression; (b) a cationic lipid comprising from about
56.5 mol % to about 66.5 mol % ofthe total lipid present in the
particle; (c) a non-cationic lipid comprising from about 31.5
mol %to about 42.5 mol %ofthe total lipid present in the
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particle; and (d) a conjugated lipid that inhibits aggregation of
particles comprising from about 1 mol % to about 2 mol % of
the total lipid present in the particle. This specific embodi-
ment of SNALPis generally referred to herein as the “1:62”
formulation. In a preferred embodiment, the cationic lipid is
DLinDMAor DLin-K-C2-DMA (*XTC2”), the non-cationic
lipid is cholesterol, and the conjugated lipid is a PEG-DAA
conjugate. Although these are preferred embodiments of the
1:62 formulation, those of skill in the art will appreciate that
othercationiclipids, non-cationiclipids (including other cho-
lesterol derivatives), and conjugated lipids can be used in the
1:62 formulation as described herein.

In another specific embodiment of the invention, the
SNALP comprises: (a) one or more unmodified and/or modi-
fied interfering RNA (e.g., siRNA, aiRNA, miRNA) that
silence target gene expression; (b) a cationic lipid comprising
from about 52 mol %to about 62 mol % of the total lipid
present in the particle; (c) a non-cationic lipid comprising
from about 36 mol % to about 47 mol % ofthe total lipid
presentin the particle; and (d) a conjugatedlipid that inhibits
aggregation of particles comprising from about 1 mol % to
about 2 mol %of the total lipid present in the particle. This
specific embodiment of SNALP is generally referred to
herein as the “1:57” formulation. In one preferred embodi-
ment, the cationic lipid is DLinDMA or DLin-K-C2-DMA
(“XTC2”), the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC) and cholesterol, wherein the phospho-
lipid comprises from about 5 mol %to about 9 mol % of the
total lipid present intheparticle (e.g., about 7.1 mol %) and
the cholesterol (or cholesterol derivative) comprises from
about 32 mol % to about 37 mol % ofthe total lipid present in
the particle (e.g., about 34.3 mol %), and the PEG-lipid is a
PEG-DAA(e.g., PEG-cDMA).In another preferred embodi-
ment, the cationic lipid is DLinDMA er DLin-K-C2-DMA
(“XTC2”), the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC) and cholesterol, wherein the phospho-
lipid comprises from about 15 mol %to about 25 mol %ofthe
total lipid presentin the particle (e.g., about 20 mol %) and the
cholesterol (or cholesterol derivative) comprises from about
15 mol % to about 25 mol %ofthetotal lipid present in the
particle (e.g., about 20 mol %), and the PEG-lipid is a PEG-
DAA (e.g., PEG-cDMA). Although these are preferred
embodiments of the 1:57 formulation, those of skill in the art
will appreciate that other cationic lipids, non-cationic lipids
(including other phospholipids and other cholesterol deriva-
tives), and conjugated lipids can be used in the 1:57 formu-
lation as described herein.

In preferred embodiments, the 1:62 SNALP formulation is
a three-component system which is phospholipid-free and
comprises about 1.5 mol % PEG-cDMA (or PEG-IDSA),
about 61.5 mol % DLinDMA(or XTC2), and about 36.9 mol
% cholesterol (or derivative thereof). In other preferred
embodiments, the 1:57 SNALP formulationis a four-compo-
nent system which comprises about 1.4 mol % PEG-cDMA
(or PEG-cDSA), about 57.1 mol % DLinDMA (or XTC2),
about 7.1 mel % DPPC, and about 34.3 mol %cholesterol (or
derivative thereof). In yet other preferred embodiments, the
1:57 SNALP formulation is a four-component system which
comprises about 1.4 mol % PEG-cDMA (or PEG-cDSA),
about 57.1 mol % DLinDMA (or XTC2), about 20 mol %
DPPC, and about 20 mol % cholesterol (or derivative
thereof). It should be understoodthat these SNALP formula-
tions are target formulations, and that the amountoflipid
(both cationic and non-cationic) present and the amount of
lipid conjugate present in the SNALP formulations mayvary.
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Thepresentinvention also provides a pharmaceutical com-
position comprising a lipid particle (e.g., SNALP) described
herein and a pharmaceutically acceptable carrier.

Ina further aspect, the present invention provides a method
for introducing one or more active agents or therapeutic
agents (e.g., nucleic acid) into a cell, comprising contacting
the cell with a lipid particle (e.g., SNALP) described herein.
In one embodiment, the cell is in a mammal and the mammal
is a human. In another embodiment, the present invention
provides a method for the in vivo delivery of one or more
active agents or therapeutic agents (e.g., nucleic acid), com-
prising administering to a mammalian subjecta lipid particle
(c.g., SNALP) described hercin. In a preferred embodiment,
the mode of administration includes, but is not limited to,
oral, intranasal, intravenous, intraperitoneal, intramuscular,
intra-articular, intralesional, intratracheal, subcutaneous. and
intradermal. Preferably, the mammalian subject is a human.

In one embodiment,at least about 5%, 10%, 15%, 20%, or
25% ofthe total injected dose ofthe lipid particles (e.g.,
SNALP)is present in plasma about8, 12, 24, 36, or 48 hours
atier injection. In other embodiments, more than about 20%,
30%, 40% and as muchas about 60%, 70% or 80% ofthe total
injected doseofthe lipid particles (e.g., SNALP) is present in
plasma about 8, 12, 24, 36, or 48 hours after injection. In
certain instances, more than about 10% of a plurality of the
particles is present in the plasma of a mammal about | hour
after administration. In certain other instances, the presence
ofthe lipidparticles (e.g., SNALP) is detectable at least about
1 hourafter administration ofthe particle. In certain embodi-
ments, the presence of an active agent or therapeutic agent
such as an interfering RNA(e.g., siRNA) is detectable incells
ofthe lung,liver, tumor,or at a site of inflammation at about
8, 12, 24, 36, 48, 60, 72 or 96 hours after administration. In
other embodiments, downregulation of expression ofa target
sequence byan active agent or therapeutic agent such as an
interfering RNA(e.g., siRNA) is detectable at about 8, 12, 24,
36, 48, 60, 72 or 96 hours after administration. In yet other
embodiments, downregulation of expression of a target
sequence byan active agent or therapeutic agent such as an
interfering RNA(e.g., siRNA) occurs preferentially in tumor
cells or in cells at a site of inflammation. In further embodi-

ments, the presenceoreffect of an active agent or therapeutic
agent such as an interfering RNA (e.g., sIRNA)in cells at a
site proximal ordistal to the site of administrationor in cells
ofthe lung,liver, or a tumoris detectable at about 12, 24, 48,
72, or 96 hours, or at about 6, 8, 10, 12, 14, 16, 18, 19, 20, 22,
24, 26, or 28 days after administration. In additional embodi-
ments, the lipid particles (e.g., SNALP) of the invention are
administered parenterally or intraperitoneally.

In some embodiments,the lipidparticles (e.g., SNALP) of
the invention are particularly useful in methodsfor the thera-
peutic delivery of one or more nucleic acids comprising an
interfering RNA sequence(e.g., siRNA). In particular, it is an
object ofthis invention to provide in vitro and in vivo methods
for treatment of a disease or disorder in a mammal(e.g., a
rodent such as a mouse or a primate such as a human, chim-
panzee, or monkey) by downregulating or silencing the tran-
scription and/ortranslation of one or moretarget nucleic acid
sequencesor genes of interest. As a non-limiting example, the
methods of the invention are useful for in vivo delivery of
interfering RNA(e.g., siRNA)to the liver and/or tumorof a
mammalian subject. In certain embodiments, the disease or
disorder is associated with expression and/or overexpression
of a gene and expression or overexpression of the gene is
reducedbythe interfering RNA(e.g., siRNA). In certain other
embodiments, a therapeutically effective amount ofthe lipid
particle (e.g., SNALP) may be administered to the mammal.
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In someinstances, an interfering RNA (e.g., siRNA)is for-
mulated into a SNALP, andthe particles are administered to
patients requiring such treatment. In other instances, cells are
removed from a patient, the interfering RNA (e.g., sIRNA)is
delivered in vitro (e.g., using a SNALP described herein), and
the cells are reinjected into the patient.

In an additionalaspect, the present invention provides lipid
particles (e.g., SNALP) comprising asymmetrical interfering
RNA (aiRNA) molecules that silence the expression of a
target gene and methods of using such particles to silence
target gene expression.

In one embodiment, the aiRNA molecule comprises a
double-stranded (duplex) region ofabout 10 to about 25 (base
paired) nucleotides in length, wherein the aiRNA molecule
comprises an antisense strand comprising 5' and 3' overhangs,
and wherein the aiRNA molecule is capable of silencing
target gene expression.

In certain instances, the aiRNA molecule comprises a
double-stranded (duplex) region of about 12-20, 12-19,
12-18, 13-17, or 14-17 (base paired) nucleotides in length,
more typically 12, 13, 14, 15, 16, 17, 18, 19, or 20 (base
paired) nucleotides in length. In certain other instances, the 5'
and 3' overhangson the antisense strand comprise sequences
that are complementary to the target RNA sequence, and may
optionally further comprise nontargeting sequences. In some
embodiments, each ofthe 5' and 3' overhangson theantisense
strand comprisesor consists of one, two, three, four, five, six,
seven, or more nucleotides.

In other embodiments, the aiRNA molecule comprises
modified nucleotides selected from the group consisting of
2'OMenucleotides, 2'F nucleotides, 2'-deoxy nucleotides,
2'-O-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In a preferred embodiment, the aiRNA molecule
comprises 2'OMenucleotides. As anon-limiting example, the
2'OMenucleotides maybe selected from the group consisting
of 2'OMe-guanosine nucleotides, 2'OMe-uridine nucle-
otides, and mixtures thereof.

In a related aspect, the present invention provides lipid
particles (e.g., SNALP) comprising microRNA (miRNA)
molecules that silence the expression of a target gene and
methods of using such compositions to silence target gene
expression.

In one embodiment, the miRNA molecule comprises about
15 to about 60 nucleotides in length, wherein the miRNA
molecule is capable ofsilencing target gene expression.

In certain instances, the miRNA molecule comprises about
15-50, 15-40, or 15-30 nucleotides in length, more typically
about 15-25 or 19-25 nucleotidesin length, and are preferably
about 20-24, 21-22, or 21-23 nucleotides in length. In a pre-
ferred embodiment, the miRNA molecule is amature miRNA
molecule targeting an RNA sequenceofinterest.

In some embodiments, the miRNA molecule comprises
modified nucleotides selected from the group consisting of
2'OMe nucleotides, 2'F nucleotides, 2'-deoxy nucleotides,
2'-O-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In a preferred embodiment, the miRNA molecule
comprises 2'OMenucleotides. As anon-limiting example,the
2'OMenucleotides maybe selected fromthe group consisting
of 2'OMe-guanosine nucleotides, 2'OMe-uridine nucle-
otides, and mixtures thereof.

Assuch, the lipid particles of the invention (e.g., SNALP)
are advantageousandsuitable for use in the administration of
active agents or therapeutic agents such as nucleic acid (e.g.,
interfering RNA such as siRNA, aiRNA, and/or miRNA)to a
subject (e.g., a mammal such as a human) because they are
stable in circulation, of a size required for pharmacodynamic
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behavior resulting in access to extravascular sites, and are
capable of reaching target cell populations.

IV. Active Agents

Active agents (e.g., therapeutic agents) include any mol-
ecule or compound capable of exerting a desired effect on a
cell, tissue, organ, or subject. Such effects maybe,e.g., bio-
logical, physiological, and/or cosmetic. Active agents may be
anytype ofmolecule or compoundincluding, but not limited
to, nucleic acids, peptides, polypeptides, small molecules,
and nixtures thereof. Non-limiting examples ofnucleic acids
include interfering RNA molecules (c.g., siRNA, aiRNA,
miRNA), antisense oligonucleotides, plasmids, ribozymes,
immunostimulatory oligonucleotides, and mixtures thereof.
Examples of peptides or polypeptides include, without limi-
tation, antibodies (e.g., polyclonal antibodies, monoclonal
antibodies, antibody fragments; humanized antibodies,
recombinant antibodies, recombinant humanantibodies, Pri-
matized™antibodies), cytokines, growth factors, apoptotic
factors, differentiation-inducing factors, cell-surface recep-
tors and their ligands, hormones, and mixtures thereof.
Examples of small molecules include, but are not limitedto,
small organic molecules or compoundssuch as any conven-
tional agent or drug knownto those of skill in the art.

In some embodiments, the active agent is a therapeutic
agent, ora salt or derivative thereof. Therapeutic agent deriva-
tives maybe therapeutically active themselves or they may be
prodrugs, which becomeactive upon further modification.
Thus, in one embodiment, a therapeutic agent derivative
retains someorall of the therapeutic activity as compared to
the unmodified agent, while in another embodiment, a thera-
peutic agent derivative is a prodrug that lacks therapeutic
activity, but becomesactive upon further modification.

A. Nucleic Acids

In certain embodiments, lipid particles of the present
invention are associated with a nucleic acid, resulting in a
nucleic acid-lipid particle (e.g., SNALP). In some embodi-
ments, the nucleic acid is fully encapsulated in the lipid
particle. As used herein, the term“nucleic acid” includes any
oligonucleotide orpolynucleotide, with fragments containing
up to 60 nucleotides generally termed oligonucleotides, and
longer fragments termed polynucleotides. In particular
embodiments, oligonucletoides of the invention are from
about 15 to about 60 nucleotides in length. Nucleic acid may
be administered alonein the lipid particles ofthe invention, or
in combination(e.g., co-administered) with lipid particles of
the invention comprising peptides, polypeptides, or small
molecules such as conventional drugs.

In the context ofthis invention, the terms “polynucleotide”
and “oligonucleotide” refer to a polymer or oligomer cf
nucleotide or nucleoside monomers consisting of naturally-
occurring bases, sugars and intersugar (backbone) linkages.
The terms “polynucleotide” and “oligonucleotide” also
include polymers or oligomers comprising non-naturally
occurring monomers, or portions thereof, which function
similarly. Such modified or substituted oligonucleotides are
often preferred over native forms because ofproperties such
as, for example, enhanced cellular uptake, reduced immuno-
genicity, and increased stability in the presence ofnucleases.

Oligonucleotides are generally classified as deoxyribooli-
gonucleotides or ribooligonucleotides. A deoxyribooligo-
nucleotide consists of a 5-carbon sugar called deoxyribose
joined covalently to phosphate at the 5' and 3' carbonsofthis
sugar to form analternating, unbranched polymer. A ribooli-
gonucleotide consists of a similar repeating structure where
the 5-carbon sugaris ribose.
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The nucleic acid that is present in a lipid-nucleic acid
particle according to this invention includes any form of
nucleic acid that is known. The nucleic acids used herein can

be single-stranded DNA or RNA,or double-stranded DNAor
RNA, or DNA-RNA hybrids. Examples of double-stranded
PNA are described herein andinclude,e.g., structural genes,
genes including control and termination regions, and self-
replicating systems suchas viral or plasmid DNA. Examples
of double-stranded RNA are deseribed herein and include,
e.g., SIRNA and other RNAi agents such as aiRNA andpre-
miRNA. Single-stranded nucleic acids include, e.g., anti-
sense oligonucleotides, ribozymes, mature miRNA, andtri-
plex-forming oligonucleotides.

Nucleic acids of the invention maybe ofvarious lengths,
generally dependent upon the particular formofnucleic acid.
For example, in particular embodiments, plasmids or genes
may be from about 1,000 to about 100,000 nucleotide resi-
dues in length. In particular embodiments, oligonucleotides
may range from about 10 to about 100 nucleotides in length.
In various related embodiments, oligonucleotides, both
single-stranded, double-stranded, andtriple-stranded, may
range in length from about 10 to about 60 nucleotides, from
about 15 to about 60 nucleotides, from about 20 to about 50
nucleotides, from about 15 to about 30 nucleotides, or from
about 20 to about 30 nucleotides in length.

In particular embodiments, an oligonucleotide (or a strand
thereof) of the invention specifically hybridizes to or is
complementary to a target polynucleotide sequence. ‘he
terms “specifically hybridizable” and “complementary” as
used herein indicate a sufficient degree of complementarity
such that stable and specific binding occurs between theDNA
or RNAtarget andthe oligonucleotide.It is understoodthat an
oligonucleotide need not be 100% complementary to its tar-
get nucleic acid sequenceto be specifically hybridizable. In
preferred embodiments, an oligonucleotide is specifically
hybridizable when bindingofthe oligonucleotideto the target
sequence interferes with the normal function ofthe target
sequence to cause a loss ofutility or expression therefrom,
and there is a sufficient degree of complementarity to avoid
non-specific binding of the oligonucleotide to non-target
sequences under conditions in which specific binding is
desired, i.e., under physiological conditions in the case ofin
vivo assays or therapeutic treatment,or, in the caseofin vitro
assays, under conditions in which the assays are conducted.
Thus, the oligonucleotide mayinclude 1, 2, 3, or more base
substitutions as compared to the region of a gene or mRNA
sequencethat it is targeting or to whichit specifically hybrid-
izes.

1. siRNA

The siRNA componentofthe nucleic acid-lipid particles of
the present invention is capable of silencing the expression of
a target gene of interest. Each strand of the siRNA duplex is
typically about 15 to about 60 nucleotides in length, prefer-
ably about 15 to about 30 nucleotides in length. In certain
embodiments, the siRNA comprises at least one modified
nucleotide. The modified siRNA is generally less immuno-
stimulatory than a corresponding unmodified siRNA
sequence and retains RNAiactivity against the target gene of
interest. In some embodiments, the modified siRNA contains
at least one 2'OMepurineor pyrimidine nucleotide such as a
2'OMe-guanosine, 2'OMe-uridine, 2'0Me-adenosine, and/or
2'OMe-cytosine nucleotide. In preferred embodiments, one
or more ofthe uridine and/or guanosine nucleotides are modi-
fied. The modified nucleotides can be present in one strand
(i.e., sense or antisense) or both strands of the siRNA. The
siRNA sequences may have overhangs (e.g., 3' or 5' over-
hangs as described in Elbashir et al., Genes Dev., 15:188
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(2001) or Nyk&nenet al., Ce//, 107:309 (2001)), or may lack
overhangs (1.e., have blunt ends).

The modified siRNA generally comprises from about 1%
to about 100%(e.g., about 1%, 2%, 3%, 4%, 5%, 6%, 7%,
8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%,
29%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, or 100%) modified nucleotides
in the double-stranded region of the siRNA duplex.In certain
embodiments, one, two, three, four, five, six, seven, eight,
nine, ten, or more of the nucleotides in the double-stranded

region of the siRNA comprise modified nucleotides.
In some embodiments, less than about 25%(e.g., less than

about 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%,
16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,

5%, 4%, 3%, 2%, or 1%) of the nucleotides in the double-
stranded region ofthe siRNA comprise modified nucleotides.

In other embodiments, from about 1% to about 25% (e.g.,
from about 1%-25%, 2%-25%, 3%-25%, 4%-25%, 5%-25%,
6%-25%, 7%-25%, 8%-25%, 9%-25%, 10%-25%,
11%-25%, 12%-25%, 13%-25%, 14%-25%, 15%-25%,
16%-25%, 17%-25%, 18%-25%, 19%-25%, 20%-25%,
21%-25%, 22%-25%, 23%-25%, 24%-25%, etc.) or from
about 1%to about 20% (e.g., from about 1%-20%, 2%-20%,
3%-20%, 4%-20%, 5%-20%, 6%-20%, 7%-20%, 8%-20%,
9%-20%, 10%-20%, 11%-20%, 12%-20%, 13%-20%, 14%-
20%, —15%-20%, 16%-20%, 17%-20%, 18%-20%,
19%-20%, 1%-19%, 2%-19%, 3%-19%, 4%-19%, 5%-19%,
6%-19%, =7%-19%, 8%-19%, 9%-19%,—10%-19%,
11%-19%,  12%-19%, 13%-19%, 14%-19%, 15%-19%,
16%-19%,=17%-19%, 18%-19%, 1%-18%, 2%-18%,
3%-18%, 4%-18%, 5%-18%, 6%-18%, 7%-18%, 8%-18%,
9%-18%, 10%-18%, 11%-18%, 12%-18%, 13%-18%, 14%-
18%, 15%-18%, 16%-18%, 17%-18%, 1%-17%, 2%-17%,
3%-17%, 4%-17%, 5%-17%, 6%-17%, 7%-17%, 8%-17%,
9%-17%, 10%-17%, 11%-17%, 12%-17%, 13%-17%, 14%-
17%, 15%-17%, 16%-17%, 1%-16%, 2%-16%, 3%-16%,
4%-16%, 5%-16%, 6%-16%, 7%-16%, 8%-16%, 9%-16%,
10%-16%, 11%-16%, 12%-16%, 13%-16%, 14%-16%,
15%-16%, 1%-15%, 2%-15%, 3%-15%, 4%-15%, 5%-15%,
6%-15%, 7%-15%, 8%-15%, 9%-15%, 10%-15%,
11%-15%, 12%-15%, 13%-15%, 14%-15%, etc.) of the
nucleotides in the double-stranded region ofthe siRNA com-
prise modified nucleotides.

In further embodiments, e.g., when one or both strands of
the siRNAare selectively modified at uridine and/or gua-
nosine nucleotides, the resulting modified siRNA can com-
prise less than about 30% modified nucleotides(e.g., less than
about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%,
11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% modi-
fied nucleotides) or from about 1% to about 30%modified
nucleotides (e.g., from about 1%-30%, 2%-30%, 3%-30%,
4%-30%, 5%-30%, 6%-30%, 7%-30%, 8%-30%, 9%-30%,
10%-30%, 11%-30%, 12%-30%, 13%-30%, 14%-30%,
15%-30%, 16%-30%, 17%-30%, 18%-30%, 19%-30%,
20%-30%, 21%-30%, 22%-30%, 23%-30%, 24%-30%,
25%-30%, 26%-30%, 27%-30%, 28%-30%, or 29%-30%
modified nucleotides).

a. Selection of siRNA Sequences
Suitable siRNA sequences can be identified using any

means knownin the art. Typically, the methods described in
Elbashiret al., Nature, 411:494-498 (2001) and Elbashir et
al., EMBO J., 20:6877-6888 (2001) are combined with ratic-
nal design rules set forth in Reynoldset al., Nature Biotech.,
22(3):326-330 (2004).
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Generally, the nucleotide sequence 3' of the AUG start
codon of a transcript from the target gene of interest is
seanned for dinucleotide sequences(e.g., AA, NA, CC, GG,
or UU, wherein N=-C, G, or U) (see, e.g., Elbashiret al.,
EMBO J., 20:6877-6888 (2001)). The nucleotides immedi-
ately 3' to the dinucleotide sequencesare identified as poten-
tial siRNA sequences(i.e., a target sequence or a sense strand
sequence). Typically, the 19, 21, 23, 25, 27, 29, 31, 33, 35, or
more nucleotides immediately 3' to the dinucleotide
sequences are identified as potential siRNA sequences. In
some embodiments, the dinucleotide sequence is an AA or
NA sequenceand the 19 nucleotides immediately 3’ to theAA
or NA dinucleotide are identified as potential siRNA
sequences. siRNA sequences are usually spacedat different
positions along the length of the target gene. To further
enhancesilencing efficiency of the siRNA sequences, poten-
tial siRNA sequences maybe analyzed toidentify sites that do
not contain regions of homology to other coding sequences,
e.g., in the target cell or organism. For example, a suitable
siRNA sequence ofabout 21 basepairs typically will not have
more than 16-17 contiguousbase pairs ofhomologyto coding
sequences in the target cell or organism. If the siRNA
sequencesare to be expressed from an RNA PolHI promoter,
siRNA sequences lacking more than 4 contiguous A’s or T’s
are selected.

Once a potential siRNA sequence has been identified, a
complementary sequence(1.e., an antisense strand sequence)
can be designed. A potential siRNA sequence can also be
analyzed using a variety of criteria known in the art. For
example, to enhance their silencing efficiency, the siRNA
sequences may be analyzed bya rational design algorithm to
identify sequences that have one or more of the following
features: (1) G/C content ofabout 25% to about 60% G/C;(2)
at least 3 A/Usat positions 15-19 of the sense strand; (3) no
internal repeats; (4) anA at position 19 ofthe sense strand; (5)
anA at position 3 ofthe sense strand; (6) a U at position 10 of
the sense strand; (7) no G/C at position 19 ofthe sensestrand,
and (8) no Gat position 13 of the sense strand. siRNA design
tools that incorporate algorithmsthat assign suitable values of
each of these features and are useful for selection of siRNA

can be foundat, e.g., http://boz094 ust.hk/RNAj/siRNA. One
of skill in the art will appreciate that sequences with one or
more of the foregoing characteristics may be selected for
further analysis and testing as potential siRNA sequences.

Additionally, potential siRNA sequences with one or more
ofthe followingcriteria can often be eliminated as siRNA:(1)
sequences comprising a stretch of 4 or more of the same base
in arow;(2) sequences comprising homopolymersofGs (i.e.,
to reduce possible non-specific effects due to structural char-
acteristics of these polymers; (3) sequences comprisingtriple
base motifs (e.g., GGG, CCC, AAA, or TTT); (4) sequences
comprising stretches of 7 or more G/Cs in a row; and (5)
sequences comprising direct repeats of4 or more bases within
the candidates resulting in internal fold-back structures.
However, oneofskill in the art will appreciate that sequences
with one or moreofthe foregoing characteristics maystill be
selected for further analysis and testing as potential siRNA
sequences.

In some embodiments, potential siRNA sequences may be
further analyzed based on siRNA duplex asymmetry as
describedin,e.g., Khvorovaet al., Ce//, 115:209-216 (2003);
and Schwarz et al., Ce//, 115:199-208 (2003). In other
embodiments, potential siRNA sequences may be further
analyzed based on secondarystructure at the target site as
described in, e.g., Luo et al., Biophys. Res. Commun., 318:
303-310 (2004). Mor example, secondary structure at the tar-
get site can be modeled using the Mfold algorithm (available
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at http://www.bioinfo.rpi.edu/applications/mfold/ma/
form1.cgi) to select sikNA sequences which favor accessi-
bility at the target sile where less secondary structure in the
form of base-pairing and stem-loopsis present.

Once a potential siRNA sequence has been identified, the
sequence can he analyzed for the presence of any immuno-
stimulatory properties, e.g., using an in vitro cytokine assay
or an in vivo animal model. Motifs in the sense and/oranti-

sense strand of the siRNA sequence such as GU-rich motits
(e.g., 5'-GU-3',5'-UGU-3',5'-GUGU-3',5'-UGUGU-3", etc.)
can also provide an indication of whether the sequence may
be immunostimulatory. Once an siRNA molecule is found to
be immunostimulatory, it can then be modified to decrease its
immunostimulatory properties as described herein. As a non-
limiting example, an siRNA sequence can be contacted with
a mammalian respondercell under conditions such that the
cell produces a detectable immune response to determine
whether the siRNA is an immunostimulatory or a non-immu-
nostimulatory siRNA. The mammalian respondercell may be
from a naive mammal(i.e., a mammalthathas not previously
been in contact with the gene product of the siRNA
sequence). The mammalian responder cell may be, ¢.g., a
peripheral blood mononuclear cell (PBMC), a macrophage,
andthe like. The detectable immune response may comprise
production of a cytokine or growth factor such as,e.g., TNF-
a, IFN-a, IFN-B, IFN-y, IL-6, IL-12, or a combination
thereof. An siRNA molecule identified as being immuno-
stimulatory can then be modified to decrease its immuno-
stimulatory properties by replacing at least one ofthe nucle-
otides on the sense and/or antisense strand with modified

nucleotides. For example, less than about 30% (e.g., less than
about 30%, 25%, 20%, 15%, 10%, or 5%) of the nucleotides
in the double-stranded region of the siRNA duplex can be
replaced with modified nucleotides such as 2'OMenucle-
otides. The modified siRNA can then be contacted with a

mamunalian respondercell as described above to confirm that
its immunostimulatory properties have been reducedor abre-
gated.

Suitable in vitro assays for detecting, an immune response
include, but are not limited to, the double monoclonalanti-
body sandwich immunoassay technique of David et al. (U.S.
Pat. No. 4,376,110); monoclonal-polyclonal antibody sand-
wichassays (Wide etal., in Kirkhamand Hunter, eds., Radio-
immunoassay Methods, E. and S. Livingstone, Edinburgh
(1970)); the “Western blot” method ofGordonet al. (U.S.Pat.
No. 4,452,901); immunoprecipitation of labeled ligand
(Brown et al. J Biol. Chem., 255:4980-4983 (1980));
enzyme-linked immunosorbent assays (ELISA) as described,
for example, by Raineset al., J. Biol. Chem., 257:5154-5160
(1982); immunocytochemical techniques, including the use
offluorochromes (Brookset al., Clin. Exp. immunol., 39:477
(1980)); and neutralization of activity (3owen-Popeetal.,
Proc. Natl. Acad. Sci. USA, 81:2396-2400 (1984)). In addi-
tion to the immunoassaysdescribed above, a numberofother
immunoassays are available, including those described in
USS. Pat. Nos. 3,817,827; 3,850,752: 3,901,654; 3,935,074;
3,984,533; 3,996,345; 4,034,074; and 4,098,876. The disclo-
sures ofthese references are herein incorporated byreference
in their entirety for all purposes.

A non-limiting example of an in vivo model for detecting
an immune response includes an in vivo mouse cytokine
induction assayas described in, e.g., Judgeet al., Mol. Ther,
13:494-505 (2006). In certain embodiments, the assay that
can be performedas follows: (1) siRNA can be administered
by standard intravenous injection in the lateral tail vein; (2)
blood canbe collected by cardiac puncture about6 hours after
administration and processed as plasmafor cytokine analysis;
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and (3) cytokines can be quantified using sandwich ELISA
kits according to the manufacturer’s instructions(e.g., mouse
and human IFN-a (PBL Biomedical; Piscataway, N.J.);
human IL-6 and TNF-a (eBioscience; San Diego, Calif.); and
mouseIL-6, TNF-a, and IFN-y (BD Biosciences; San Diego,
Calif.)).

Monoclonalantibodies that specifically bind cytokines and
growth factors are commercially available from multiple
sources and can be generated using methods knownintheart
(see, e.g., Kohler et al., Nature, 256: 495-497 (1975) and
Harlow and Lane, ANTIBODIES, A LABORATORY
MANUAL, Cold Spring Harbor Publication, New York
(1999)). Generation of monoclonal antibodies has been pre-
viously described and can be accomplished by any means
knownin the art (Buhringet al., in Hybridoma, Vol. 10, No. 1,
pp. 77-78 (1991)). In some methods, the monoclonal anti-
body is labeled (e.g., with any composition detectable by
spectroscopic, photochemical, biochemical, electrical, opti-
cal, or chemical means)to facilitate detection.

b. Generating siRNA Molecules
siRNAcanbe provided in several forms including,e.g., as

one or more isolated small-interforing RNA (siRNA)
duplexes, as longer double-stranded RNA (dsRNA), or as
siRNA or dsRNAtranscribed from a transcriptional cassette
in a DNA plasmid. The siRNA sequences may have over-
hangs(e.g., 3' or 5' overhangs as described in Elbashiret al.,
Genes Dev., 15:188 (2001) or Nykanenetal., Ce//, 107:309
(2001), or maylack overhangs(1.¢., to have blunt ends).

An RNApopulation can be used to provide long precursor
RNAs,or long precursor RNAsthat have substantial or com-
plete identity to a selected target sequence can be used to
make the siRNA. The RNAscan beisolated from cells or

tissue, synthesized, and/or cloned according to methods well
known to those of skill in the art. The RNA can be a mixed

population (obtained from cells or tissue, transcribed from
cDNA, subtracted, selected, etc.), or can represent a single
target sequence. RNA can be naturally occurring (e.g., iso-
lated from tissue or cell samples), synthesized in vitro (e.g.,
using 17 or SP6 polymerase and PCRproducts or a cloned
cDNA), or chemically synthesized.

To form a long dsRNA, for synthetic RNAs, the comple-
ment is also transcribed in vitro and hybridized to form a
dsRNA.If a naturally occurring RNA population is used, the
RNA complements are also provided (e.g., to form dsRNA
for digestion by &. coli RNAse III or Dicer), e.g., by tran-
seribing cDNAscorresponding to the RNA population, or by
using RNA polymerases. The precursor RNAs are then
hybridized to form double stranded RNAsfor digestion. The
dsRNAscan be directly administered to a subject or can be
digestedin vitro prior to administration.

Methodsfor isolating RNA, synthesizing RNA, hybridiz-
ing nucleic acids, making and screening cDNAlibraries, and
performing PCRare well knowninthe art (see, e.g., Gubler
and Hoffman, Gene, 25:263-269 (1983); Sambrook et al.,
supra; Ausubel et al., supra), as are PCR methods(see, U.S.
Pat. Nos. 4,683,195 and 4,683,202; PCR Protocols: A Guide
to Methods andApplications(Innisetal., eds, 1990)). Expres-
sion libraries are also well knownto those of skill in the art.

Additional basic texts disclosing the general methods of use
in this invention include Sambrooket al.,Molecular Cloning,
A Laberatory Manual (2nd ed. 1989); Kriegler, Gene Trans-
fer and Expression: A Laboratory Manual (1990); and Cur-
rent Protocols in Molecular Biology (Ausubel et al., eds.,
1994). The disclosures of these references are herein incor-
porated byreference in their entirety for all purposes.

Preferably, siRNA are chemically synthesized. The oligo-
nucleotides that comprise the siRNA molecules of the inven-

 

JA0043
GENV-00000043



JA0044

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 45 of 695 PageID #: 6836Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 45 of 695 PagelD #: 6836

US 8,058,069 B2
33

tion can be synthesized using any ofa variety of techniques
knownin the art, such as those described in Usman etal., /.
Am. Chem. Soc., 109:7845 (1987); Scaringe et al., Nucl. Acids
Res., 18:5433 (1990); Wincott et al., Nucl Acids Res.,
23:2677-2684 (1995); and Wincott et al., Methods Mol. Bio.,
74:59 (1997). The synthesis ofoligonucleotides makes use of
common nucleic acid protecting and coupling groups, such as
dimethoxytrityl at the 5'-end and phosphoramidites at the
3'-end. As a non-limiting example, small scale syntheses can
be conducted on an Applied Biosystems synthesizer using a
0.2 jumol scale protocol. Alternatively, syntheses at the 0.2
pnol scale can be performed on a 96-well plate synthesizer
from Protogene (Palo Alto, Calif.). However, a larger or
smaller scale of synthesis is also within the scope ofthis
invention. Suitable reagents for oligonucleotide synthesis,
methods for RNA deprotection, and methods for RNA puri-
fication are knownto those ofskill in theart.

siRNA molecules can also be synthesized via a tandem
synthesis technique, wherein both strands are synthesized as
a single continuous oligonucleotide fragment or strand sepa-
rated by a cleavable linker that is subsequently cleaved to
provide separate fragments or strands that hybridize to form
the siRNA duplex. The linker can be a polynucleotide linker
or a non-nucleotide linker. The tandem synthesis of siRNA
can bereadily adapted to both multiwell/multiplate synthesis
platformsas well as large scale synthesis platforms employ-
ing batch reactors, synthesis columns, and the like. Alterna-
tively, siRNA molecules can be assembled from two distinct
oligonucleotides, wherein one oligonucleotide comprises the
sense strand and the other comprises the antisense strand of
the siRNA. For example, each strand can be synthesized
separately and joined together by hybridization or ligation
following synthesis and/or deprotection. In certain other
instances, siRNA molecules can be synthesized as a single
continuous oligonucleotide fragment, wherethe self-comple-
mentary sense and antisense regions hybridize to form an
siRNA duplex having hairpin secondary structure.

c. Modifying siRNA Sequences
In certain aspects, sIRNA molecules comprise a duplex

having two strands and at least one modified nucleotide in the
double-stranded region, wherein each strand is about 15 to
about 60 nucleotides in length.Advantageously, the modified
siRNA is less immunostimulatory than a corresponding
unmodified siRNA sequence, but retains the capability of
silencing the expression of a target sequence. In preferred
embodiments, the degree of chemical modifications intro-
duced into the siRNA molecule strikes a balance between

reduction or abrogation of the immunostimulatory properties
of the siRNAandretention of RNAiactivity. As a non-limit-
ing example, an siRNA molecule that targets a gene ofinter-
est can be minimally modified (e.g., less than about 30%,
25%, 20%, 15%, 10%, or 5% moditied) at selective uridine
and/or guanosine nucleotides within the siRNA duplex to
eliminate the immuneresponse generated by the siRNA while
retaining its capability to silence target gene expression.

Examples of modified nucleotides suitable for use in the
invention include, but are not limited to, ribonucleotides hav-
ing a 2'-O-methyl (2'OMe), 2'-deoxy-2'-fluoro (Q'F),
2'-deoxy, 5-C-methyl, 2'-O-(2-methoxyethyl) (MOE),
4'-thio, 2'-amino, or 2'-C-allyl group. Modified nucleotides
having a Northern conformation such as those described in,
e.g., Saenger, Principles ofNucleic Acid Structure, Springer-
Verlag Ed. (1984), are also suitable for use in siRNA mol-
ecules. Such modified nucleotides include, without limita-

tion, locked nucleic acid (LNA) nucleotides (e.g., 2'-O, 4'-C-
methylene-(D-ribofuranosyl) nucleotides), 2'-O-(2-
methoxyethyl) (MOE) nucleotides, 2'-methyl-thio-ethyl
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nucleotides, 2'-deoxy-2'-fluoro (2'F) nucleotides, 2'-deoxy-
2'-chloro (2'Cl) nucleotides, and 2'-azido nucleotides. In cer-
(ain instances, the siRNA molecules described herein include

one or more G-clamp nucleotides. A G-clamp nucleotide
refers to a modified cytosine analog wherein the modifica-
tions confer the ability to hydrogen bond both Watson-Crick
and Hoogsteen faces of a complementary guanine nucleotide
within a duplex (see, e.g., Lin et al., J. Am. Chem. Soc.,
120:8531-8532 (1998)). In addition, nucleotides having a
nucleotide base analog such as, for example, C-phenyl,
C-naphthyl, other aromatic derivatives, inosine, azole car-
boxamides, and nitroazole derivatives suchas 3-nitropyrrole,
4-nitroindole, 5-nitroindole, and 6-nitroindole (sce, ¢.g.,
Loakes, Nucl. Acids Res., 29:2437-2447 (2001)) canbe incor-
porated into siRNA molecules.

In certain embodiments, siRNA molecules may further
comprise one or more chemical modifications such as termi-
nal cap moieties, phosphate backbone modifications, and the
like. Examples of terminal cap moieties include, without
limitation, inverted deoxy abasic residues, glyceryl modifi-
cations, 4',5'-methylene nucleotides, 1-(8-D-erythrofurano-
syl) nucleotides, 4'-thio nucleotides, carbocyclic nucleotides,
1,5-anhydrohexitol nucleotides, L-nucleotides, c-nucle-
otides, modified base nucleotides, threo-pentofuranosyl
nucleotides, acyclic 3',4'-seco nucleotides, acyclic 3,4-dihy-
droxybutyl nucleotides, acyclic 3,5-dihydroxypentyl nucle-
otides, 3'-3'-inverted nucleotide moieties, 3'-3'-inverted aba-
sic moieties, 3'-2'-inverted nucleotide moieties, 3'-2'-inverted
abasic moieties, 5'-5'-inverted nucleotide moieties, 5'-5'-in-
verted abasic moieties, 3'-5'-inverted deoxy abasic moieties,
5'-amino-alkyl phosphate, 1,3-diamino-2-propyl phosphate,
3-aminopropyl phosphate, 6-aminohexyl phosphate, 1,2-
aminododecyl] phosphate, hydroxypropyl phosphate, 1,4-bu-
tanediol phosphate, 3'-phosphoramidate, 5'-phosphorami-
date, hexylphosphate, aminohexyl phosphate, 3'-phosphate,
5'-amino, 3'-phosphorothioate, 5'-phosphorothioate, phos-
phorodithioate, and bridging or non-bridging methylphos-
phonate or 5'-mercapto moieties (see, e.g., U.S. Pat. No.
5,998,203; Beaucage et al., Zetrahedron 49:1925 (1993)).
Non-limiting examples ofphosphate backbone modifications
(i.e., resulting in modified internucleotide linkages) include
phosphorothicate, phosphorodithioate, methylphesphonate,
phosphotriester, morpholino, amidate, carbamate, carboxym-
ethyl, acetamidate, polyamide, sulfonate, sulfonamide, sulfa-
mate, formacetal, thioformacetal, and alkylsilyl substitutions
(see, e.g., Hunzikeret al., Nucleic AcidAnalogues: Synthesis
andProperties, in Modern Synthetic Methods, VCH, 331-417
(1995); Mesmaekeret al., Novel Backbone Replacementsfor
Oligonucleotides, in Carbohydrate Modifications in Anti-
sense Research, ACS, 24-39 (1994)). Such chemical modifi-
cations can occur at the 5'-end and/or 3'-end of the sense

strand, antisense strand, or both strands of the siRNA. The
disclosures of these references are herein incorporated by
reference in their entirety for all purposes.

In some embodiments, the sense and/or antisense strand of
the siRNA molecule can further comprise a 3'-terminal over-
hang having about 1 to about 4 (e.g., 1, 2, 3, or 4) 2'-deoxy
ribonucleotides and/or any combination of modified and
unmodified nucleotides. Additional examples of modified
nucleotides and types of chemical modifications that can be
introduced into siRNA molecules are described, e.g., in UK
Patent No. GB 2,397,818 B and U.S.Patent Publication Nos.
20040192626, 20050282188, and 20070135372, the disclo-
sures of which are herein incorporated by reference in their
entirety for all purposes.

The siRNA molecules described herein can optionally
coniprise one or more non-nucleotides in one or both strands
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of the siRNA. As used herein, the term “non-nucleotide”

refers to any group or compoundthat can be incorporated into
a nucleic acid chain in the place of one or more nucleotide
units, including sugar and/or phosphate substitutions, and
allows the remaining basesto exhibittheir activity. The group
or compoundis abasicin that it does not contain a commonly
recognized nucleotide base such as adenosine, guanine,
cytosine, uracil, or thymine and therefore lacks a base at the
I'-position.

In other embodiments, chemical modification of the
siRNA comprises attaching a conjugate to the siRNA mol-
ecule. The conjugate can beattachedat the 3' and/or 3'-end of
the sense and/orantisense strand of the siRNA viaa covalent

attachment suchas, e.g., a biodegradable linker. The conju-
gate can also be attached to the siRNA, e.g., through a car-
bamate group or other linking group (see, e.g., U.S. Patent
Publication Nos. 20050074771, 20050043219, and

20050158727). In certain instances, the conjugate is a mol-
ecule that facilitates the delivery of the siRNA into a cell.
Examples of conjugate molecules suitable for attachment to
siRNA include, without limitation, steroids such as choles-
terol, glycols such as polyethylene glycol (PEG), human
serum albumin (HSA), fatty acids, carotenoids, terpenes, bile
acids, folates (e.g., folic acid, folate analogs and derivatives
thereof}, sugars (e.g., galactose, galactosamine, N-acetyl
galactosamine, glucose, mannose, fructose, fucose, etc.),
phospholipids, peptides, ligands for cellular receptors
capable of mediating cellular uptake, and combinations
thereof (see, e.g., U.S. Patent Publication Nos. 20030130186,
20040110296, and 20040249178; U.S. Pat. No. 6,753,423).
Other examples includethe lipophilic moiety, vitamin, poly-
mer, peptide, protein, nucleic acid, small molecule, oligosac-
charide, carbohydrate cluster, intercalator, minor groove
binder, cleaving agent, and cross-linking agent conjugate
molecules described in U.S. Patent Publication Nos.

20050119470 and 20050107325. Yet other examples include
the 2'-O-alkyl amine, 2'-B-alkoxyalkyl amine, polyamine,
C5-cationic modified pyrimidine, cationic peptide, guani-
dinium group, amidininium group, cationic amino acid con-
jugate molecules described in U.S. Patent Publication No.
20050153337. Additional examples include the hydrophobic
group, membrane active compound,cell penetrating com-
pound, cell targeting signal, interaction modifier, and steric
stabilizer conjugate molecules described in U.S. Patent Pub-
lication No. 20040167090. Further examples include the con-
jugate molecules described in U.S. Patent Publication No.
20050239739. The type of conjugate used and the extent of
conjugation to the siRNA molecule can be evaluated for
improved pharmacokinetic profiles, bioavailability, and/or
stability ofthe siRNA while retaining RNAiactivity. As such,
one skilled in the art can screen siRNA molecules having
various conjugates attached thereto to identify ones having
improved properties and full RNAi activity using any of a
variety of well-known in vitro cell culture or in vivo animal 5
models. The disclosures of the above-described patent docu-
ments are herein incorporated by reference in their entirety
for all purposes.

d. Target Genes
The siRNA componentof the nucleic acid-lipid particles

described herein can be used to downregulate or silence the
translation (1.e., expression) of a gene of interest. Genes of
interest include, but are not limited to, genes associated with
viral infection and survival, genes associated with metabolic
diseases and disorders (e.g., liver diseases and disorders),
genes associated with tumorigenesis and cell transformation
(e.g., cancer), angiogenic genes, immunomodulator genes
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such as those associated with inflammatory and autoimmune
responses, ligand receptor genes, and genes associated with
neurodegeneralive disorders.

Genes associated with viral infection and survival include

those expressedbyavirus in orderto bind, enter, and replicate
in acell. Ofparticular interest are viral sequences associated
with chronic viral diseases. Viral sequences ofparticular
interest include sequencesofFiloviruses such as Ebola virus
and Marburg virus (see, e.g., Geisbert et al., J. Infect. Dis.,
193:1650-1657 (2006)); Arenaviruses such as Lassa virus,
Junin virus, Machupo virus, Guanarito virus, and Sabia virus
(Buchmeier et al., Arenaviridae: the viruses and their repli-
cation, In: Fretps ViroLocy, Knipeetal. (eds.), 4th ed., Lip-
pincott-Raven, Philadelphia, (2001)); Influenza viruses such
as Influenza A, B, and C viruses, (see, e.g., Steinhaueretal.,
Annu Rev Genet., 36:305-332 (2002); and Neumannet al., /
Gen Virol., 83:2635-2662 (2002)); Hepatitis viruses (see,e.g.,
Hamasaki et al., FEBS Lett., 543:51 (2003); Yokota et al.,
EMBO Rep., 4:602 (2003); Schlomai et al., Hepatology,
37:764 (2003); Wilson et al., Proc. Natl. Acad. Sci. USA,
100:2783 (2003); Kapadia et al., Proc. Natl. Acad. Sci. USA,
100:2014 (2003); and Fre_ps ViroLocy, Knipe ctal. (eds.), 4th
ed., Lippincott-Raven, Philadelphia (2001)); Human Immu-
nodeficiency Virus (HIV) (Banerjea et al., Mol. Ther., 8:62
(2003); Song et al., Virol, 77:7174 (2003); Stephenson,
JAMA, 289:1494 (2003): Qin et al., Proc. Natl. Acad. Sci.
USA, 100:183 (2003)); Herpes viruses (Jia et al., J. Virol,
77:3301 (2003)); and Human Papilloma Viruses (HPV) (Hall
et al., J. Virol, 77:6066 (2003); Jiang et al., Oncogene,
21:6041 (2002)).

Exemplary Filovirus nucleic acid sequences that can be
silenced include, but are not limited to, nucleic acid
sequences encoding structural proteins (e.g., VP30, VP35,
nucleoprotein (NP), polymerase protein (L-pol)) and mem-
brane-associated proteins (e.g., VP40, glycoprotein (GP),
VP24). Complete genome sequences for Ebola virusare set
forth in, eg., Genbank Accession Nos. NC_002549;
AY769362; NC_.006432; NC_004161; AY729654,
AY354458; AY142960; AB050936;, AF522874; AF499101,
AF272001; and AF086833. Ebola virus VP24 sequences are
set forth in, e.g., Genbank Accession Nos. U77385 and
AY058897. Ebola virus L-pol sequencesaresetforth in, e.g.,
Genbank Accession No. X67110. Ebola virus VP40

sequences are set forth in, e.g., Genbank Accession No.
AY058896. Ebola virus NP sequencesare set forth in, e.g.,
Genbank Accession No. AYOQ58895. Ebola virus GP

sequences are set forth in, e.g., Genbank Accession No.
AY058898; Sanchez et al., Virus Res., 29:215-240 (1993);
Will et al, J. Virol, 67:1203-1210 (1993); Volchkevet al.,
FEBS Lett., 305:181-184 (1992); and U.S. Pat. No. 6,713,
069. Additional Ebola virus sequencesare set forth in, ¢.g.,
Genbank Accession Nos. 111365 and X61274. Complete
genome sequences for Marburg virus are set forth in, e.g.,
Genbank Accession Nos. NC_001608; AY430365;
AY430366; andAY358025. Marburg virus GP sequencesare
set forth in, e.g., Genbank Accession Nos. AF005734;
AF005733; and AF005732. Marburg virus VP35 sequences
are set forth in, e.g., Genbank Accession Nos. AF005731 and
AF005730. Additional Marburg virus sequencesareset forth
in, eg., Genbank Accession Nos. X64406; 229337;
AF005735; and 712132. Non-limiting examples of siRNA
molecules targeting Ebola virus and Marburg virus nucleic
acid sequences include those described in U.S. Patent Publi-
cation No. 20070135370, the disclosure of which is herein
incorporated by reference in its entirety for all purposes.

Lxemplary Influenza virus nucleic acid sequences that can
be silenced include, but are not limited to, nucleic acid
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sequences encoding nucleoprotein (NP), matrix proteins (M1
and M2), nonstructural proteins (NS1 and NS2), RNA poly-
merase (PA, PB1, PB2), neuraminidase (NA), and haemag-
glutinin (HA). Influenza A NP sequencesare set forth in,e.g.,
Genbank Accession Nos. NC_004522; AY818138;
AB166863; AB188817; AB189046; AB189054; AB189062;
AY646169; AY646177; AY651486; AY651493; AY651494;
AY651495; AY651496; AY651497; AY651498; AY651499;
AY651500; AY651501; AY651502; AY651503; AY651504;
AY651505; AY651506; AY651507; AY651509; AY651528;
AY770996; AY790308; AY818138; and AY818140. Influ-
enza A PA sequencesare set forthin, e.g., GenbankAccession
Nos. AY818132; AY790280; AY646171; AY818132;
AY818133; AY646179; AY818134; AY551934; AY651613;
AY651610; AY651620; AY651617; AY651600; AY651611;
AY651606; AY651618; AY651608; AY651607; AY651605;
AY651609; AY651615; AY651616; AY651640; AY651614;
AY651612; AY651621; AY651619; AY770995; and
AY724786. Non-limiting examples of siRNA moleculestar-
geting Influenza virus nucleic acid sequences include those
described in U.S. Patent Publication No. 20070218122, the
disclosure of which is herein incorporated byreference in its
entirety for all purposes.

Exemplary hepatitis virus nucleic acid sequences that can
be silenced include, but are not limited to, nucleic acid
sequencesinvolvedintranscription and translation (e.g., En],
En2, X, P) and nucleic acid sequences encoding structural
proteins (e.g., core proteins including C and C-related pro-
teins, capsid and envelope proteins including S, M, and/or L
proteins, or fragments thereof) (see, e.g., FIELDS VIROL-
OGY, supra). Exemplary Hepatitis C virus (HCV) nucleic
acid sequencesthat can be silenced include, but are not lim-
ited to, the 5'-untranslated region (5'-UTR), the 3'-untrans-
lated region (3'-UTR), the polyprotein translation initiation
codon region, the internal ribosome entry site (IRES)
sequence, and/or nucleic acid sequences encoding the core
protein, the E1 protein, the E2 protein,the p7 protein, the NS2
protein, the NS3 protease/helicase, the NS4A protein, the
NS4Bprotein, the NS5A protein, and/or the NS5B RNA-
dependent RNA polymerase. HCV genome sequencesare set
forth in, e.g., Genbank Accession Nos. NC__004102 (HCV
genotype 1a), AJ238799 (HCV genotype 1b), NC_009823
(HCV genotype 2), NC_009824 (HCV genotype 3),
NC_009825 (HCV genotype 4), NC__009826 (HCV geno-
type 5), and NC__009827 (HCV genotype 6). Hepatitis A
virus nucleic acid sequencesare set forth in, e.g., Genbank
Accession No. NC__001489; Hepatitis B virus nucleic acid
sequences are set forth in, e.g., Genbank Accession No.
NC_003977; Hepatitis D virus nucleic acid sequenceare set
forth in, e.g., GenbankAccession No. NC__001653; Hepatitis
E virus nucleic acid sequencesare set forth in, e.g., Genbank
Accession No. NC_001434; and Hepatitis G virus nucleic
acid sequencesare set forth in, e.g., Genbank Accession No.
NC__001710. Silencing of sequencesthat encode genesasso-
ciated with viral infection and survival can conveniently be
used in combination with the administration of conventional

agents used to treat the viral condition. Non-limiting
examples of siRNA molecules targeting hepatitis virus
nucleic acid sequencesinclude those described in U.S. Patent
Publication Nos. 20060281175, 20050058982, and
20070149470; U.S. Pat. No. 7,348,314; and U.S. Provisional
Application No. 61/162,127, filed Mar. 20, 2009, the disclo-
sures of which are herein incorporated byreference in their
entirety for all purposes.

Genes associated with metabolic diseases and disorders

(e.g., disorders in which the liver is the target andliver dis-
eases and disorders) include, for example, genes expressed in
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dyslipidemia (e.g., liver X receptors such as LXRa and
LXRB (Genback Accession No. NM_007121), farnesoid X
receplors (FXR) (Genbank Accession No. NM__005123),
sterol-regulatory element binding protein (SREBP), site-1
protease (SIP), 3-hydroxy-3-methylglutaryl coenzyme-A
reductase (HMGcoenzyme-A reductase), apolipoprotein B
(ApoB) (GenbankAccession No. NM__000384), apolipopro-
tem CIII (ApoC3) (Genbank Accession Nos. NM_000040
and NG_008949 REGION:5001.8164), and apolipoprotein
E (ApoE) (Genbank Accession Nos. NM_.000041 and
NG__007084 REGION:5001.8612)); and diabetes(e.g., glu-
cose 6-phosphatase) (see, e.g., Forman et al., Cel/, 81:687
(1995); Scol ct al.,Mol. Endocrinol., 9:72 (1995), Zavackiet
al., Proc. Natl. Acad. Sci. USA, 94:7909 (1997); Sakaietal.,
Cell, 85:1037-1046 (1996); Duncanet al., Biol. Chem.,
272:12778-12785 (1997); Willy et al., Genes Dev, 9:1033-
1045 (1995); Lehmannet al.,. Biol. Chem., 272:3137-3140
(1997); Janowskiet al., Nature, 383:728-731 (1996); and Peet
et al., Cell, 93:693-704 (1998)). One ofskill in the art will
appreciate that genes associated with metabolic diseases and
disorders (e.g., diseases and disorders in whichtheliver is a
target and liver diseases and disorders) include genes that are
expressed in the liveritself as well as and genes expressed in
other organs andtissues. Silencing of sequences that encode
genes associated with metabolic diseases and disorders can
conveniently be used in combination with the administration
of conventional agents usedto treat the disease or disorder.
Non-limiting examples of siRNA molecules targeting the
ApoB geneinclude those described in U.S. Patent Publication
No. 20060134189, the disclosure ofwhichis herein incorpo-
rated by referencein its entirety for all purposes. Non-limit-
ing examples of siRNA molecules targeting the ApoC3 gene
include those described in U.S. Provisional Application No.
61/147,235, filed Jan. 26, 2009, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses.

Examples of gene sequences associated with tumorigen-
esis and cell transformation (e.g., cancer or other neoplasia)
include mitotic kinesins such as Eg5 (KSP, KIF11; Genbank
Accession No. NM__004523); serine/threonine kinases such
as polo-like kinase 1 (PLK-1) (Genbank Accession No.
NM__005030; Barr et al., Nat. Rev. Mol. Cell. Biol., 5:429-
440 (2004)); tyrosine kinases such as WEE! (Genbank
Accession Nos. NM_003390 and NM_001143976); inhibi-
tors of apoptosis such as XIAP (Genbank Accession No.
NM__001167); COP9 signalosome subunits such as CSN1,
CSN2, CSN3, CSN4, CSN5 (JAB1; Genbank Accession No.
NM__006837); CSN6, CSN7A, CSN7B, and CSN8; ubiq-
uitin ligases such as COP1 (RFWD2; Genbank Accession
Nos. NM_022457 and NM_001001740); and histone
deacetylases such as HDAC1, HDAC2 (Genbank Accession
No. NM__001527), HDAC3, HDAC4, HDAC5, HDAC6,
HDAC7, HDAC8, HDAC9,etc. Non-limiting examples of
siRNA molecules targeting the Eg5 and XIAP genesinclude
those described in U.S. patent application Ser. No. 11/807,
872, filed May 29, 2007, the disclosure of which is herein
incorporated by reference in its entirety for all purposes.
Non-limiting examples of siRNA molecules targeting the
PLK-1 gene include those described in U.S. Patent Publica-
tion Nos. 20050107316 and 20070265438; and U.S. patent
application Ser. No. 12/343,342, filed Dec. 23, 2008, the
disclosures of whichare herein incorporated byreference in
their entirety for all purposes. Non-limiting examples of
siRNA molecules targeting the CSN5 gene include those
described in U.S. Provisional Application No. 61/045,251,
filed Apr. 15, 2008, the disclosure of whichis herein incor-
porated by reference inits entirety for all purposes.
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Additional examples of gene sequences associated. with
tumorigenesis and cell transformation include translocation
sequences such as MLL fusion genes, BCR-ABL (Wilda et
al., Oncogene, 21:5716 (2002); Scherr etal., Blood, 101:1566
(2003)), TEL-AML1, EWS-FLI1. TLS-FUS, PAX3-FKHR,
BCL-2, AML1-ETO, andAML1-MTG8(Heidenreich ctal.,
Blood, 101:3157 (2003)); overexpressed sequences such as
multidrug resistance genes (Nieth et al., FEBS Fett., 545:144
(2003); Wuet al, Cancer Res. 63:1515 (2003)), cyclins (Li et
al., Cancer Res., 63:3593 (2003); Zou et al., Genes Dev,
16:2923 (2002)), beta-catenin (Vermaet al., Clin Cancer
Res., 9:1291 (2003)), telomerase genes (Kosciolek et al.,Mol
Cancer Ther, 2:209 (2003)), c-MYC, N-MYC, BCL-2,
growth factor receptors (e.g., EGFR/ErbB1 (GenbankAcces-
sion Nos. NM__.005228, NM__201282, NM__201283, and
NM_201284;see also, Nagy et al. Exp. Cell Res., 285:39-49
(2003),  ErbB2/HER-2 (Genbank Accession Nos.
NM_004448 and NM_001005862), ErbB3 (Genbank
Accession Nos. NM_001982 and NM_001005915), and
LErbB4 (Genbank Accession Nos. NM_005235 and
NM_001042599); and mutated sequences such as RAS(re-
viewed in Tuschl and Borkhardt, Mol. Interventions, 2:158
(2002)). Non-limiting examples of siRNA molecules target-
ing the EGFR gene include those described in U-S. patent
application Ser. No. 11/807,872, filed May 29, 2007, the
disclosure of which is herein incorporated by referencein its
entiretyfor all purposes.

Silencing of sequences that encode DNA repair enzymes
find use in combination with the administration of chemo-

therapeutic agents (Collis et al., Cancer Res., 63:1550
(2003)). Genes encoding proteins associated with tumor
migration are also target sequencesof interest, for example,
integrins, selectins, and metalloproteinases. The foregoing
examples are not exclusive. Those of skill in the art will
understand that any whole or partial gene sequencethatfacili-
tates or promotes tumorigenesis orcell transformation, tumer
growth, or tumor migration can be included as a template
sequence.

Angiogenic genesare able to promote the formation ofnew
vessels. Of particular interest is vascular endothelial growth
factor (VEGF) (Reich et al., Mo/. Vis., 9:210 (2003)) or
VEGER.siRNAsequencesthat targetVEGEFRaresetforth in,
e.g., GB 2396864; US. Patent Publication No. 20040142895;
and CA 2456444, the disclosures of which are herein incor-
porated by reference in their entirety for all purposes.

Anti-angiogenic genes are able to inhibit neovasculariza-
tion. These genes are particularly useful for treating those
cancers in which angiogenesis plays a role in the pathological
development of the disease. Examples of anti-angiogenic
genes include, but are not limited to, endostatin (see, e.g.,
USS. Pat. No. 6,174,861), angiostatin (see, e.g., U U.S. Pat.
No. 5,639,725), and VEGFR2(see, e.g., Decaussinet al., J.
Pathol., 188: 369-377 (1999)), the disclosures of which are
herein incorporated by reference in their entirety for all pur-
poses.

Immunomodulator genes are genes that modulate one or
more immune responses. Examples of immunomedulator
genes include, without limitation, cytokines such as growth
factors (e.g.,TGF-a, TGF-B, EGF, FGF, IGF, NGF, PDGF,
CGF, GM-CSF, SCF, etc.), interleukins (e.g., IL-2, IL-4,
IL-12 (Hill et al., 2. Jmmunol., 171:691 (2003)), IL-15, IL-18,
IL-20, etc.), interferons (e.g., IFN-a, IFN-6, IFN~y, etc.) and
TNF.Fas and Fas ligand genes are also immunomodulater
target sequences of interest (Song et al., Nat. Med., 9:347
(2003)). Genes encoding secondary signaling molecules in
hematopoietic and lymphoid cells are also included in the
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present invention, for example, Tec family kinases such as
Bruton’s tyrosine kinase (Btk) (Heinonenet al., FEBS Lett.,
527:274 (2002)).

Cell receptorligands include ligandsthat are able to bind to
cell surface receptors (e.g., insulin receptor, EPO receptor,
G-protein coupled receptors, receptors with tyrosine kinase
activity, cytokine receptors, growth factor receptors, etc.), to
modulate (e.g., inhibit, activate, etc.) the physiological path-
waythat the receptoris involvedin (e.g., glucose level modu-
lation, blood cell development, mitogenesis,etc.). Examples
of cell receptor ligands include, but are not limited to, cytok-
ines, growthfactors, interleukins, interferons, erythropoietin
(EPO), insulin, glucagon, G-protcin coupled receptor
ligands, etc. Templates coding for an expansion oftrinucle-
otide repeats (e.g., CAG repeats) find use in silencing patho-
genic sequencesin neurodegenerative disorders caused by the
expansion of trinucleotide repeats, such as spinobulbular
muscular atrophy and Huntington’s Disease (Caplen etal.,
Hum. Mol. Genet., 11:175 (2002)).

In addition to its utility in silencing the expression ofany of
the above-described genes for therapeutic purposes, the
siRNAdescribed herein are also usefulin research and devel-

opment applications as well as diagnostic, prophylactic,
prognostic, clinical, and other healthcare applications. As a
non-limiting example, the siRNA can be used in target vali-
dation studies directed at testing whether a gene of interest
has the potential to be a therapeutic target. The siRNA can
also be used in target identification studies aimedat discov-
ering genes as potential therapeutic targets.

2. aiRNA

Like siRNA, asymmetrical interfering RNA (aiRNA) can
recruit theRNA-induced silencing complex (RISC) and lead
to effective silencing ofa variety ofgenes in mammaliancells
by mediating sequence-specific cleavage of the target
sequence between nucleotide 10 and 11 relative to the 5' end
of the antisense strand (Sunet al., Nat. Biotech., 26:1379-
1382 (2008)). Typically, an aiRNA molecule comprises a
short RNA duplex having a sense strand and an antisense
strand, wherein the duplex contains overhangsat the 3' and 5°
ends of the antisense strand. The aiRNA is generally asym-
metric becausethe sense strand is shorter on both ends when

compared to the complementary antisense strand. In some
aspects, aiRNA molecules may be designed, synthesized, and
annealed under conditions similar to those used for siRNA

molecules. As a non-limiting example, aiRNA sequences
may be selected and generated using the methods described
above for selecting siRNA sequences.

In another embodiment, aiRNA duplexes of various
lengths (e.g., about 10-25, 12-20, 12-19, 12-18, 13-17, or
14-17 base pairs, more typically 12, 13, 14, 15, 16, 17, 18, 19,
or base pairs) maybe designed with overhangsat the 3' and 5'
ends of the antisense strand to target an mRNAofinterest. In
certain instances, the sense strand of the aiRNA molecule is
about 10-25, 12-20, 12-19, 12-18, 13-17, or 14-17 nucle-
otides in length, more typically 12, 13, 14, 15, 16, 17, 18, 19,
or 20 nucleotides in length. In certain other instances, the
antisense strand of the aiRNA molecule is about 15-60,

15-50, or 15-40 nucleotides in length, more typically about
15-30, 15-25, or 19-25 nucleotides in length,and is preferably
about 20-24, 21-22, or 21-23 nucleotides in length.

In some embodiments, the 5' antisense overhang contains
one, two, three, four, or more nontargeting nucleotides(e.g.,
“AA”, “UU”, “dTdT”, etc.). In other embodiments, the 3'
antisense overhang contains one, two, three, four, or more
nontargeting nucleotides (e.g., “AA”, “UU”, “dTdT”’,etc.). In
certain aspects, the aiRNA molecules described herein may
comprise one or more modified nucleotides, e.g., in the
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double-stranded (duplex) region and/orin the antisense over-
hangs. As a non-limiting example, aiRNA sequences may
comprise one or more of the modified nucleotides described
above for siRNA sequences. In a preferred embodiment, the
aiRNA molecule comprises 2'OMenucleotides such as, for
example, 2'OMe-guanosine nucleotides, 2'QMe-uridine
nucleotides, or mixtures thereof.

In certain embodiments, aiRNA molecules may comprise
an antisense strand which correspondsto the antisense strand
of an siRNA molecule, e.g., one of the siRNA molecules
described herein. In other embodiments, aiRNA molecules
may be used to silence the expression of any of the target
genes set forth above, such as, ¢.g., genes associated with
viral infection and survival, genes associated with metabolic
diseases and disorders, genes associated with tumorigenesis
and cell transformation, angiogenic genes, immunomodula-
tor genes such as those associated with inflammatory and
autoimmune responses, ligand receptor genes, and genes
associated with neurodegenerative disorders.

3. miRNA

Generally, microRNAs (miRNA)are single-stranded RNA
molecules of about 21-23 nucleotides in length which regu-
late gene expression. miRNAs are encoded by genes from
whose DNAtheyare transcribed, but miRNAsare nottrans-
lated into protein (non-coding RNA), instead, each primary
transcript (a pri-miRNA)is processed into a short stem-loop
structure called a pre-miRNA andfinally into a functional
mature miRNA. Mature miRNA molecules are either par-
tially or completely complementary to one or more messen-
ger RNA (mRNA) molecules, and their main functionis to
downregulate gene expression. The identification of miRNA
molecules is described, e.g., in Lagos-Quintana et al., Sci-
ence, 294:853-858; Lau et al., Science, 294:858-862; and Lee
et al., Science, 294:862-864.

The genes encoding miRNA are much longer than the
processed mature miRNA molecule. miRNA are first tran-
scribed as primarytranscripts or pri-miRNA with a cap and
poly-Atail and processed to short, ~70-nucleotide stem-loop
structures known as pre-miRNA inthe cell nucleus. This
processing is performed in animals by a protein complex
known as the Microprocessor complex, consisting of the
nuclease Drosha and the double-stranded RNA bindingpro-
tein Pasha (Denli et al., Nature, 432:231-235 (2004)). These
pre-miRNAare then processed to mature miRNAinthe cyto-
plasm by interaction with the endonuclease Dicer, which also
initiates the formation of the RNA-induced silencing com-
plex (RISC) (Bernstein et al., Nature, 409:363-366 (2001).
Either the sense strand or antisense strand of DNA can func-

tion as templates to give rise to miRNA.
When Dicer cleaves the pre-miRNA stem-loop, two

complementary short RNA molecules are formed, but only
one is integrated into the RISC complex. This strand is known
as the guide strand andis selected bythe argonaute protein,
the catalytically active RNase in the RISC complex, on the
basis of the stability of the 5' end (Preall et al., Curr Biol,
16:530-535 (2006)). The remaining strand, known as the
anti-guide or passenger strand, is degraded as a RISC com-
plex substrate (Gregory et al., Cell, 123:631-640 (2005)).
After integration into the active RISC complex, miRNAsbase
pair with their complementary mRNA molecules and induce
target mRNAdegradation and/or translational silencing.

Mammalian miRNA molecules are usually complemen-
tary to a site in the 3' UTRofthe target mRNA sequence. In
certain instances, the annealing of the miRNA to the target
mRNAinhibits protein translation by blocking the protein
translation machinery. In certain other instances, the anneal-
ing ofthe miRNAto the target mRNAfacilitates the cleavage
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and degradation ofthe target mRNA throughaprocess similar
to RNAinterference (RNAi). miRNA mayalso target methy-
lation of genomicsites which correspondto targeted mRNA.
Generally, miRNA function in association with a comple-
mentofproteins collectively termed the miRNP.

In certain aspects, the miRNA molecules described herein
are about 15-100, 15-90, 15-80, 15-75, 15-70, 15-60, 15-50,
or 15-40 nucleotides in length, more typically about 15-30,
15-25, or 19-25 nucleotides in length, and are preterably
about 20-24, 21-22, or 21-23 nucleotides in length. In certain
other aspects, miRNA molecules may comprise one or more
modified nucleotides. As a non-limiting example, miRNA
sequences may comprise one or more of the modified nucle-
otides described above for siRNA sequences. In a preferred
embodiment, the miRNA molecule comprises 2'OMenucle-
otides such as, for example, 2'0Me-guanosine nucleotides,
2'OMe-uridine nucleotides, or mixtures thereof.

In some enrbodiments, miRNA molecules may be used to
silence the expression of any ofthe target genes set forth
above, such as, e.g., genes associated withviral infection and
survival, genes associated with metabolic diseases and disor-
ders, genes associated with tumorigenesis and cell transfor-
mation, angiogenic genes, immunomodulator genes such as
those associated with inflammatory and autoimmune
responses, ligand receptor genes, and genes associated with
neurodegenerative disorders.

In other embodiments, one or more agents that block the
activity of a miRNA targeting an mRNA ofinterest are
administered using a lipid particle of the invention(e.g., a
nucleic acid-lipid particle). Examples of blocking agents
include, but are not limited to, steric blocking oligonucle-
otides, locked nucleic acid oligonucleotides, and Morpholino
oligonucleotides. Such blocking agents may bind directly to
themiRNAorto the miRNAbindingsite on the target mRNA.

4. Antisense Oligonucleotides
Tn one embodiment, the nucleic acid is an antisense oligo-

nucleotide directed to a target gene or sequence ofinterest.
The terms “antisense oligonucleotide”or “antisense” include
oligonucleotides that are complementary to a targeted poly-
nucleotide sequence. Antisense oligonucleotides are single
strands of DNA or RNAthat are complementary to a chosen
sequence. Antisense RNA oligonucleotides preventthe trans-
lation ofcomplementary RNAstrandsby binding to the RNA.
Antisense DNAoligonucleotides can be used to target a spe-
citic, complementary (coding or non-coding) RNA.If bind-
ing occurs, this DNA/RNA hybrid can be degraded by the
enzyme RNaseH.In a particular embodiment, antisense oli-
gonucleotides comprise from about 10 to about 60 nucle-
otides, more preferably from about 15 to about 30 nucle-
otides. The term also encompasses antisense
oligonucleotides that may not be exactly complementary to
the desired target gene. Thus, the invention can beutilized in
instances where non-target specific-activities are found with
antisense, or where an antisense sequence containing one or
more mismatches with the target sequence is the most pre-
ferred for a particular use.

Antisense oligonucleotides have been demonstrated to be
effective and targeted inhibitors of protein synthesis, and,
consequently, can be used to specifically inhibit protein syn-
thesis by a targeted gene. The efficacy of antisense oligo-
nucleotides for inhibiting protein synthesis is well estab-
lished. For example, the synthesis ofpolygalactauronase and
the muscarine type 2 acetylcholine receptor are inhibited by
antisense oligonucleotides directed to their respective MRNA
sequences (see, U.S. Pat. Nos. 5,739,119 and 5,759,829).
lurthermore, examples of antisense inhibition have been
demonstrated with the nuclear protein cyclin, the multiple
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drug resistance gene (MDR1), ICAM-1, E-selectin, STK-1,
striatal GABAAreceptor, and human EGF(see, Jaskulski et
al., Science, 240:1544-6 (1988); Vasanthakumaret al., Can-
cer Commun., 1:225-32 (1989); Penis et al., Brain Res Mol
Brain Res., 15; 57:310-20 (1998); and U.S. Pat. Nos. 5,801,
154; 5,789,573; 5,718,709 and 5,610,288). Moreover, anti-
sense constructs have also been described that inhibit and can

be usedto treat a variety of abnormalcellular proliferations,
e.g., cancer (see, U.S. Pat. Nos. 5,747,470; 5,591,317; and
5,783,683). The disclosures of these references are herein
incorporated by reference in their entirety for all purposes.

Methods of producing antisense oligonucleotides are
knownin the art and can be readily adapted to produce an
antisense oligonucleotide that targets any polynucleotide
sequence. Selection of antisense oligonucleotide sequences
specific for a given target sequence is based upon analysis of
the chosen target sequence and determination of secondary
structure, T,,,, binding energy, and relative stability. Antisense
oligonucleotides may be selected based upontheir relative
inability to form dimers, hairpins, or other secondary struc-
tures that would reduce or prohibit specific binding to the
target mRNAina hostcell. Highly preferred target regions of
the mRNAinclude those regionsat or near the AUGtransla-
tion initiation codon and those sequences that are substan-
tially complementary to 5’ regions of the mRNA. These sec-
ondary structure analyses and target site selection
considerations can be performed, for example, using v.4 of
the OLIGO primer analysis software (Molecular Biology
Insights) and/or the BLASTN2.0.5 algorithm software (Alts-
chulet al., Nucleic Acids Res., 25:3389-402 (1997)).

5. Ribozymes
According to another embodimentofthe invention, nucleic

acid-lipid particles are associated with ribozymes.
Ribozymes are RNA-protein complexes having specific cata-
lytic domainsthat possess endonucleaseactivity (see, Kim et
al., Proc. Natl. Acad. Sci. USA., 84:8788-92 (1987); and
Forster et al., Ce//, 49:211-20 (1987)). For example, a large
numberof ribozymesaccelerate phosphoester transfer reac-
tions with a high degree ofspecificity, often cleaving only one
of several phosphoestersin an oligonucleotide substrate (see,
Cech et al., Cell, 27:487-96 (1981); Michel et al., 4 Mol.
Biol., 216:585-610 (1990); Reinhold-Hurek et al., Nature,
357:173-6 (1992)). This specificity has been attributed to the
requirementthat the substrate bind via specific base-pairing
interactions to the internal guide sequence (“IGS”) of the
ribozymeprior to chemicalreaction.

At least six basic varieties of naturally-occurring enzy-
matic RNA molecules are knownpresently. Each can catalyze
the hydrolysis of RNA phosphodiester bonds in trans (and
thus can cleave other RNA molecules) under physiological
conditions. In general, enzymatic nucleic acids act by first
binding to a target RNA. Such binding occurs through the
target binding portion of an enzymatic nucleic acid which is
held in close proximity to an enzymatic portion of the mol-
ecule that acts to cleave the target RNA. Thus, the enzymatic 5
nucleic acid first recognizes and then binds a target RNA
through complementary base-pairing, and once bound to the
correctsite, acts enzymatically to cut the target RNA.Strate-
gic cleavage of such a target RNA will destroy its ability to
direct synthesis of an encoded protein. After an enzymatic
nucleic acid has bound and cleaved its RNA target, it is
released from that RNAto search for another target and can
repeatedly bind and cleave newtargets.

The enzymatic nucleic acid molecule may be formed in a
hammerhead, hairpin, hepatitis 6 virus, group | intron or
RNaseP RNA (in association with an RNA guide sequence),
or Neurospora VS RNA motif, for example. Specific
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examples of hammerhead motifs are described in, e.g., Rossi
et al., Nucleic Acids Res., 20:4559-65 (1992). Examples of
hairpin motifs are described in, ¢.g., EP 0360257, Hampel et
al., Biochemistry, 28:4929-33 (1989); Hampelet al., Nucleic
Acids Res., 18:299-304 (1990); and U.S. Pat. No. 5,631,359.
Anexample ofthe hepatitis 6 virus motif is describedin,e.g.,
Perrotta et al., Biochemistry, 31:11843-52 (1992). An
example of the RNaseP motifis described in, e.g., Guerrier-
Takada et al., Cell, 35:849-57 (1983). Examples of the Neuw-
rospora VS RNA ribozyme motif1s describedin, e.g., Saville
etal., Cell, 61:685-96 (1990); Saville et al., Proc. Natl. Acad.
Sci. USA, 88:8826-30 (1991); Collins et al., Biochemistry,
32:2795-9 (1993). An example of the Group I intron is
described in, e.g., U.S. Pat. No. 4,987,071. Important char-
acteristics of enzymatic nucleic acid molecules used accord-
ing to the invention are that they have a specific substrate
binding site which is complementary to one or more of the
target gene DNA or RNAregions, and that they have nucle-
otide sequences within or surrounding that substrate binding
site which impart an RNAcleaving activity to the molecule.
Thus, the ribozyme constructs need not be limited to specific
motifs mentioned herein. The disclosures ofthese references

are herein incorporated by reference in their entirety for all
purposes.

Methods of producing a ribozyme targeted to any poly-
nucleotide sequence are knownin the art. Ribozymes maybe
designed as described in, e.g., PCT Publication Nos. WO
93/23569 and WO 94/02595, and synthesized to be tested in
vitro and/or in vivo as described therein. The disclosures of

these PCTpublications are herein incorporated by reference
in their entirety for all purposes.

Ribozymeactivity can be optimized by altering the length
of the ribozyme binding arms or chemically synthesizing
ribozymes with modifications that prevent their degradation
by serum ribonucleases (see, e.g., PCT Publication Nos.WO
92/07065, WO 93/15187, WO 91/03162, and WO 94/13688;
EP 92110298.4: and US. Pat. No. 5,334,711, which describe
various chemical modifications that can be made to the sugar
moieties of enzymatic RNA molecules, the disclosures of
which are each herein incorporated by reference in their
entirety for all purposes), modifications which enhance their
efficacy in cells, and removal ofstem II bases to shorten RNA
synthesis times and reduce chemical requirements.

6. Immunostimulatory Oligonucleotides
Nucleic acids associated with lipid particles of the present

invention may be immunostinulatory, including immuno-
stimulatory oligonucleotides (ISS; single- or double-
stranded) capable of inducing an immune response when
administered to a subject, which may be a mammal such as a
human.ISS include, e.g., certain palindromes leading to hair-
pin secondarystructures (see, Yamamotoet al., J. Immunol.,
148:4072-6 (1992)), or CpG motifs, as well as other known
ISS features (such as multi-G domains; see; PCT Publication
No. WO 96/11266, the disclosure ofwhich is herein incorpo-
rated by referencein its entirety for all purposes).

Immunostimulatory nucleic acids are considered to be
non-sequence specific whenit is not required that they spe-
cifically bind to and reduce the expression of a target
sequence in order to provoke an immune response. Thus,
certain immunostimulatory nucleic acids may comprise a
sequence correspondingto a region of a naturally-occurring
gene or mRNA, but they may still be considered non-se-
quence specific immunostimulatory nucleic acids.

In one embodiment, the immunostimulatory nucleic acid
or oligonucleotide comprises at least one CpG dinucleotide.
The oligonucleotide or CpG dinucleotide may be unmethy-
lated or methylated. In another embodiment, the immuno-
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stimulatory nucleic acid comprisesat least one CpG dinucle-
otide having a methylated cytosine. In one embodiment, the
nucleic acid comprises a single CpG dinucleotide, wherein
the cytosine in the CpG dinucleotide is methylated. In an
alternative embodiment, the nucleic acid comprises at least
two CpGdinucleotides, wherein at least one cytosine in the
CpG dinucleotides is methylated. In a further embodiment,
each cytosine in the CpG dinucleotides present in the
sequence is methylated. In another embodiment, the nucleic
acid comprises a plurality of CpG dinucleotides, wherein at
least one of the CpG dinucleotides comprises a methylated
cytosine. Examples of immunostimulatory oligonucleotides
suitable for use in the compositions and methods of the
present invention are described in PCT Application No. PCT/
US08/88676, filed Dec. 31, 2008, PCT Publication Nos. WO
02/069369 and WO 01/15726, U.S. Pat. No. 6,406,705, and
Raneyetal., J. Pharm. Exper. Ther, 298:1185-92 (2001), the
disclosures of which are each herein incorporated by refer-
ence in their entirety for all purposes. In certain embodi-
ments, the oligonucleotides used in the compositions and
methods ofthe invention have a phosphodiester (“PO”) back-
boneor a phosphorothioate (“PS”) backbone, and/or atleast
one methylated cytosine residue in a CpG motif.

B. Other Active Agents
In certain embodiments, the active agent associated with

the lipid particles of the invention may comprise one or more
therapeutic proteins, polypeptides, or small organic mol-
ecules or compounds. Non-limiting examples of such thera-
peutically effective agents or drugs include oncology drugs
(e.g., chemotherapy drugs, hormonal therapeutic agents,
immunotherapeutic agents, radiotherapeutic agents, etc.),
lipid-lowering agents, anti-viral drugs, anti-inflammatory
compounds,antidepressants,stimulants, analgesics, antibiot-
ics, birth control medication, antipyretics, vasodilators, anti-
angiogenics, cytovascular agents, signal transduction inhibi-
tors, cardiovascular drugs such as anti-arrhythmic agents,
hormones, vasoconstrictors, and steroids. These active agents
may be administered alonein thelipid particles of the inven-
tion, or in combination(e.g., co-administered) withlipid par-
ticles of the invention comprising nucleic acid suchas inter-
fering RNA.

Non-limiting examples of chemotherapy drugs include
platinum-based drugs (e.g., oxaliplatin, cisplatin, carbop]-
atin, spiroplatin, iproplatin, satraplatin, etc.), alkylating
agents (e.g., cyclophosphamide, ifosfamide, chlorambucil,
busulfan, melphalan, mechlorethamine, uramustine,
thiotepa, nitrosoureas, etc.), anti-metabolites (e.g., 5-fluorou-
racil (5-FU), azathioprine, methotrexate, leucovorin, capecit-
abine, cytarabine, floxuridine, fludarabine, gemcitabine,
pemetrexed, raltitrexed, etc.), plant alkaloids (e.g., vincris-
tine, vinblastine, vinorelbine, vindesine, podophyllotoxin,
paclitaxel (taxol), docetaxel, etc.), topoisomerase inhibitors
(e.g., irinotecan (CPT-11; Camptosar), topotecan, amsacrine,
etoposide (VP16), etoposide phosphate, teniposide, etc.),
antitumor antibiotics (e.g., doxorubicin, adriamycin, dauno-
rubicin, epirubicin, actinomycin, bleomycin, mitomycin,
mitoxantrone, plicamycin, etc.), tyrosine kinase inhibitors
(e.g., gefitinib (Iressa®), sunitinib (Sutent®; SU11248), erlo-
tinib (Tarceva®; OSI]-1774), lapatinib (GW572016;
GW2016), canertinib (CI 1033), semaxinib (SU5416), vata-
lanib (PTK787/ZK222584), sorafenib (BAY 43-9006), ima-
tinib (Gleevec®; STI571), dasatinib (BMS-354825), lefluno-
mide (SU101), vandetanib (Zactima™; ZD6474), etc.),
pharmaceutically acceptable salts thereof, stereoisomers
thereof, derivatives thereof, analogs thereof, and combina-
tions thereof.
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Examples of conventional hormonal therapeutic agents
include, without limitation, steroids (e.g., dexamethasone),
finasteride, aromatase inhibitors, tamoxifen, and goserelin as
well as other gonadotropin-releasing hormone agonists
(GnRH).

Examples of conventional immunotherapeutic agents
include, butare not limited to, immunostimulants (e.g., Bacil-
lus Calmette-Guérin (BCG), levamisole, interleukin-2,
alpha-interferon, etc.), monoclonal antibodies (e.g., anti-
CD20, anti-HER2, anti-CD52, anti-HLA-DR, and anti-
VEGF monoclonal antibodies), immunotoxins (e.g., anti-
CD33 monoclonal antibody-calicheamicin conjugate, anti-
CD22 monoclonal  antibody-pseudomonas exotoxin
conjugate, etc.), and radioimmunotherapy (e.g., anti-CD20
monoclonal antibody conjugated to ‘In, °’Y, or '*"I, etc.).

Examples ofconventional radiotherapeutic agents include,
but are not limited to, radionuclides such as *”Sc, Cu, °’Cu,
8°Sr, soy By 20" LOSRh, MlAg, My, tamsn_ '49Dm,
538m, '°Ho, '77Lu, **°Re, '*Re, 77 At, and *!*Bi, option-
ally conjugated to antibodies directed against tumorantigens.

Additional oncology drugs that may be used according to
the invention include, but are not limited to, alkeran, allopu-
rinol, altretamine, amifostine, anastrozole, araC, arsenictri-
oxide, bexarotene, biCNU, carmustine, CCNU, celecoxib,
cladribine, cyclosporin A, cytosine arabinoside, cytoxan,
dexrazoxane, DTIC,estramustine, exemestane, FK506, gem-
tuzumab-ozogamicin, hydrea, hydroxyurea, idarubicin, inter-
feron, letrozole, leustatin, leuprolide, litretinoin, megastrol,
L-PAM, mesna, methoxsalen, mithramycin, nitrogen mus-
tard, pamidronate, Pegademase, pentostatin, porfimer
sodium, prednisone, rituxan, streptozocin, STI-571, taxotere,
temozolamide, VM-26, toremifene, tretinoin, ATRA, valru-
bicin, and velban. Other examples ofoncology drugs that may
be used according to the inventionare ellipticin and ellipticin
analogs or derivatives, epothilones, intracellular kinase
inhibitors, and camptothecins.

Non-limiting examples of lipid-lowering agents for treat-
ing a lipid disease or disorder associated with elevated trig-
lycerides, cholesterol, and/or glucoseincludestatins, fibrates,
ezetimibe, thiazolidinediones, niacin, beta-blockers, nitro-
glycerin, calciumantagonists, fish oil, and mixtures thereof.

Examplesofanti-viral drugs include, but are not limited to,
abacavir, aciclovir, acyclovir, adefovir, amantadine,
amprenavir, arbidol, atazanavir, atripla, cidofovir, combivir,
darunavir, delavirdine, didanosine, docosanol, edoxudine,
efavirenz, emtricitabine, entuvirtide, entecavir, entry inhibi-
tors, famciclovir, fixed dose combinations, fomivirsen, fos-
amprenavir, foscarnet, fosfonet, fusion inhibitors, ganciclo-
vir, ibacitabine, immunovir, idoxuridine, imiquimod,
indinavir, inosine, integrase inhibitors, interferon type III
(e.g., IFN-A molecules such as IFN-A1, IFN-A2, and IFN-A3),
interferon typeII (e.g., IFN-y), interferontype | (e.g., IFN-a
such as PEGylated IFN-a, IFN-B, IFN-«, IFN-8, IFN-e, IFN-
t, IFN-«, and IP'N-@), interferon, lamivudine, lopinavir, lov-
iride, MK-0518, maraviroc, moroxydine, nelfinavir, nevirap-
ine, nexavir, nucleoside analogues, oseltamivir, penciclovir,
peramivir, pleconaril, podophyllotoxin, protease inhibitors,
reverse transcriptase inhibitors, ribavirin, rimantadine,
ritonavir, saquinavir, stavudine, synergistic enhancers, teno-
fovir, tenofovir disoproxil, tipranavir,trifluridine,trizivir, tro-
mantadine, truvada, valaciclovir, valganciclovir, vicriviroc,
vidarabine, viramidine, zalcitabine, zanamivir, zidovudine,
pharmaceutically acceptable salts thereof, stereoisomers
thereof, derivatives thereof, analogs thereof, and mixtures
thereof.

V. Lipid Particles

The lipid particles of the invention typically comprise an
active agent or therapeutic agent, a cationic lipid, a non-
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cationic lipid, and a conjugatedlipid that inhibits aggregation
ofparticles. In some embodiments, the active agentor thera-
peutic agent is fully encapsulated withinthe lipid portion of
the lipid particle such that the active agent or therapeutic
agent in the lipid particle is resistant in aqueous solution to
enzymatic degradation, e.g., by a nuclease or protease. In
other embodiments, the lipid particles described herein are
substantially non-toxic to mammals such as humans. The
lipid particles ofthe invention typically have a mean diameter
of from about 40 nm to about 150 nm, from about 50 nm to
about 150 nm, from about 60 nm to about 130 nm,from about
70 om to about 110 om, or from about 70 to about 90 nm.

In preferred embodiments, the lipid particles of the inven-
tion are serum-stable nucleic acid-lipid particles (SNALP)
which comprise an interfering RNA (e.g., sIRNA, aiRNA,
and/or miRNA), a cationic lipid (e.g., a cationic lipid of
FormulasI, I, and/or II), a non-cationic lipid (e.g., choles-
terol alone or mixtures of one or more phospholipids and
cholesterol), and a conjugatedlipid that inhibits aggregation
ofthe particles (e.g., one or more PEG-lipid conjugates). The
SNALP maycomprise at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, er
more unmodified and/or modified interfering RNA mol-
ecules. Nucleic acid-lipid particles and their methodofprepa-
ration are describedin, e.g., U.S. Pat. Nos. 5,753,613; 5,785,
992; 5,705,385; 5,976,567; 5,981,501; 6,110,745; and 6,320,
017; and PCT Publication No. WO 96/40964, the disclosures
of which are each herein incorporated by reference in their
entiretyfor all purposes.

A. Cationic Lipids
Any ofa varietyof cationic lipids maybe used inthe lipid

particles of the invention (e.g., SNALP), either alone or in
combination with one or more othercationic lipid species or
non-cationic lipid species.

Cationic lipids which are useful in the present invention
can be any of a numberoflipid species which carry a net
positive charge at physiological pH. Suchlipids include, but
are not limited to, N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), 1,2-dioleyloxy-N,N-dimethylaminopro-
pane (DODMA), 1,2-distearyloxy-N,N-dimethylaminopro-
pane (DSDMA), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trim-
ethylammonium chloride (DOTMA), N,N-distearyl-N,N-
dimethylammonium bromide (DDAB),  N-(-(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammonium—chloride
(DOTAP), 3-(N—(N',N'-dimethylaminoethane)-carbamoyl)
cholesterol (DC-Chol), N-(1,2-dimyristyloxyprop-3-yl)-N,
N-dimethyl-N-hydroxyethyl ammoniumbromide (DMRIE),
2,3-dioleyloxy-N-[2(spermine-carboxamido)ethyl]-N,N-
dimethyl-1-propanaminiumtrifluoroacetate (DOSPA), dio-
ctadecylamidoglycyl spermine (DOGS), 3-dimethylamine-
2-(cholest-5-en-3 -beta-oxybutan-4-oxy)-1 -(cis,cis-9,12-
octadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-
3.beta.-oxy)-3'-oxapentoxy)-3-dimethyl-1 -(cis,cis-9',1-2'-
octadecadienoxypropane (CpLinDMA), N,N-dimethyl-3,4-
dioleyloxybenzylamine (DMOBA), 1,2-N,N'-
dioleylcarbamy]-3-dimethylaminopropane
1,2-N,N'-Dilinoleylcarbamy1-3-dimethylaminopropane
(DLincarbDAP), 1,2-Dilinoleoylcarbamyl-3-dimethylami-
nopropane (DLinCDAP), and mixtures thereof. A number of
these lipids and related analogs have been described in U.S.
Patent Publication Nos. 20060083780 and 20060240554;
USS. Pat. Nos. 5,208,036; 5,264,618: 5,279,833; 5,283,185;
5,753,613; and 5,785,992; and PCT Publication No. WO
96/10390, the disclosures of which are each herein incorpo-
rated by reference in their entiretytor all purposes. Addition-
ally, a number of commercial preparations of cationic lipids
are available and can be used in the present invention. These
include, e.g., LIPOFECTIN® (commercially available cat-
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ionic liposomes comprising DOTMA and DOPE, from
GIBCO/BRL, Grand Island, N.Y., USA); LIPO-
FECTAMINE® (commercially available cationic liposomes
comprising DOSPA and DOPE, from GIBCO/BRL); and
TRANSFECTAM® (commercially available cationic lipo-
somes comprising DOGS from Promega Corp., Madison,
Wis., USA).

Additionally, cationic lipids of Formula | having the fol-
lowing structures are useful in the present invention.

(D

N OR},

R oR?

wherein R' and R? are independently selected and are H or
C,-C; alkyls, R* and R* are independently selected and are
alkyl groups having from about10 to about 20 carbon atoms,
and at least one of R* and R* comprises at least two sites of
unsaturation. In certain instances, R*? and R* are both the
same,i.e., R? and R* are both linoleyl (C4), ete. In certain
other instances, R? and R* are different, i.e., R? is tetradec-
trieny] (C,,) and R*is linoleyl (C,,). In a preferred embodi-
ment, the cationic lipid of Formula I is symmetrical, i.e., R*
and R* are both the same. In another preferred embodiment,
both R* and R* compriseat least two sites of unsaturation. In
some embodiments, R* and R* are independently selected
from the group consisting of dodecadienyl, tetradecadienyl,
hexadecadienyl, linoleyl, and icosadienyl. In a preferred
embodiment, R* and R* are both linoleyl. In some embodi-
ments, R* and. R* comprise at least three sites of unsaturation
and are independently selected from, e.g., dodecatrienyl, tet-
radectrienyl, hexadecatrienyl, linolenyl, and icosatrienyl. In
particularly preferred embodiments, the cationic lipid of For-
mula I is 1,2-dilinoleyloxy-N,N-dimethylaminopropane
(DLinDMA)or 1,2-dilinolenyloxy-N,N-dimethylaminopro-
pane (DLenDMA).

Furthermore, cationic lipids of Formula II having the tol-
lowing structures are useful in the present invention.

5 dl)
Lx

RI—=-Nt=R3,

I

wherein R' and R® are independently selected and are H or
C,-C; alkyls, R? and R* are independently selected andare
alkyl groups having from about 10 to about 20 carbon atoms,
and at least one of R® and R* comprisesatleast twosites of
unsaturation. In certain instances, R? and R* are both the
same,i.e., R® and R* are both linoleyl (C,,), etc. In certain
other instances, R? and R* are different, i.e., R? is tetradec-
trieny] (C,,,) and R*is linoleyl (C,,). Ina preferred embodi-
ment, the cationic lipids of the present invention are sym-
metrical, ic, R? and R* are both the same. In another
preferred embodiment, both R* and R* compriseat least two
sites of unsaturation. In some embodiments, R* and R* are
independently selected from the group consisting of dodeca-
dienyl, tetradecadienyl, hexadecadienyl, linoleyl, and icosa-
dienyl. In a preferred embodiment, R* and R* are both lino-
leyl. In some embodiments, R* and R* compriseatleast three
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sites of unsaturation and are independently selected from,
e.g., dodecatrienyl, tetradectrienyl, hexadecatrienyl, linole-
nyl, andicosatrienyl.

Moreover, cationic lipids of FormulaIII having the follow-
ing structures(or salts thereof) are useful in the present inven-
tion.

Rt RS ¥:
o>»,

(CH) R?,
R \ R!

Z ym.

Wherein R* and R?areeither the sameordifferent and inde-

pendently optionally substituted C,,-C,, alkyl, optionally
substituted C,,-C,, alkenyl, optionally substituted C,,-C,,
alkynyl, or optionally substituted C,5-C.,, acyl; R® and R* are
either the same or different and independently optionally
substituted C, -C, alkyl, optionally substituted C, -C, alkenyl,
or optionallysubstituted C.-C, alkynyl or R? and R* mayjoin
to form an optionally substituted heterocyclic ring of 4 to 6
carbon atoms and 1 or 2 heteroatoms chosen from nitrogen
and oxygen: R°is either absent or hydrogen or C,-C, alkyl to
provide a quaternary amine; m, n, and p areeither the same or
different and independentlyeither 0 or 1 with the proviso that
m, n, and p are not simultaneously0; q is 0, 1, 2, 3, or 4; and
Y and Z are either the sameor different and independently O,
S, or NH.

In some embodiments, the cationic lipid of Formula III is
2,2-dilinoleyl-4-(2-dimethylaminoethy1)-[1,3]-dioxolane
(DLin-K-C2-DMA; “XTC2”), 2,2-dilinoleyl-4-(3-dimethy-
laminopropyl)-[1,3]-dioxolane (DLin-K-C3-DMA),  2,2-
dilinoleyl-4-(4-dimethylaminobuty1)-[1,3]-dioxolane
(DLin-K-C4-DMA), 2,2-dilinoleyl-5-dimethylaminom-
ethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilincleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MP7Z), 2,2-dili-
noleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-
DMA), 1,2-dilinoleylcarbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP), 1,2-dilinoleyoxy-3-

dip

(dimethylamino)acetoxypropane (DLin-DAC), 1,2-
dilinoleyoxy-3-morpholinopropane=(DLin-MA), 1,2-
dilinoleoyl-3-dimethylaminopropane (DLinDAP),=1,2-
dilinoleylthio-3-dimethylaminopropane=(DLin-S-DMA),
1-linoleoy]-2-linoleyloxy-3-dimethylaminopropane (DLin-
2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.C]), 1,2-dilinoleoyl-3-trimethy-
laminopropane chloride salt (DLin-TAP.Cl), 1,2-dilinoley-
loxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N,N-
dilinoleylamino)-1,2-propanediol (DLinAP),  3-(N,N-
dioleylamino)-1,2-propanedio (DOAP), |,2-dilinoleyloxo-3-
(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA),
or mixtures thereof. In preferred embodiments, the cationic
lipid of Formula IJ] is DLin-K-C2-DMA (XTC2).

The cationic lipid typically comprises from about 50 mol
% to about 90 mol %, from about 50 mol % to about 85 mol
%, from about 50 mol % to about 80 mol %, from about 50
mol %to about 75 mol %, from about 50 mol %to about 70
mol %,from about 50 mol %to about 65 mol %, or from about
55 mol % to about 65 mol % ofthe total lipid present in the
particle.

It will be readily apparent to one of skill in the art that
depending on the intended use ofthe particles, the propor-
tions of the components can be varied andthe delivery effi-
ciency of a particular formulation can be measured using,
e.g., an endosomalrelease parameter (ERP) assay.
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B. Non-Cationic Lipids
The non-cationic lipids used in the lipid particles of the

invenuion (e.g., SNALP) can be any of a variety of neutral
uncharged, zwitterionic, or anionic lipids capable of produc-
ing a stable complex.

Non-limiting examples of non-cationic lipids include
phospholipids such as lecithin, phosphatidylethanolamine,
lysolecithin, lysophosphatidylethanolamine, phosphati-
dylserine, phosphatidylinositol, sphingomyelin, egg sphin-
gomyelin (ESM), cephalin, cardiolipin, phosphatidic acid,
cerebrosides, dicetylphosphate, distearoylphosphatidylcho-
line (DSPC), dioleoylphosphatidylcholine (DOPC), dipalmi-
toylphosphatidylcholine (DPPC), diolcoylphosphatidylglyc-
erol (DOPG), dipalmitoylphosphatidylglycerol (DPPG),
dieleoylphosphatidylethanolamine (DOPE), palmitoylo-
leoyl-phosphatidylcholine (POPC), palmitoyloleoyl-phos-
phatidylethanolamine (POPE), palmitoyloleyol-phosphati-
dylglycerol (POPG),  dioleoylphosphatidylethanolamine
4-(N-maleimidomethyl)-cyclohexane-1-carboxylate
(DOPE-mal), dipalmitoyl-phosphatidylethanolamine
(DPPE), dimyristoyl-phosphatidylethanolamine (DMPE),
distearoy]-phosphatidylethanolamine (DSPE), monomethyl-
phosphatidylethanolamine, dimethyl-phosphatidylethanola-
mine,  dielaidoyl-phosphatidylethanolamine=(DEPE),
stearoyloleoyl-phosphatidylethanolamine (SOPE),  lyso-
phosphatidylcholine, dilinoleoylphosphatidylcholine, and
mixtures thereof. Other diacylphosphatidylcholine and dia-
cylphosphatidylethanolamine phospholipids can also be
used. The acyl groups in these lipids are preferably acyl
groups derived from fatty acids having C,,-C,, carbon
chains, e.g., lauroyl, myristoyl, palmitoyl, stearoyl, or oleoyl.

Additional examples of non-cationic lipids ineludesterols
such as cholesterol and derivatives thereof such as

cholestanol, cholestanone, cholestenone, coprostanol, cho-
lesteryl-2'-hydroxyethyl ether, cholesteryl-4'-hydroxybutyl
ether, and mixtures thereof.

In some embodiments, the non-cationiclipid present in the
lipid particles (e.g., SNALP) comprises or consists ofcholes-
terol or a derivative thereof, e.g., a phospholipid-free lipid
particle formulation. In other embodiments, the non-cationic
lipid presentin the lipid particles (e.g., SNALP) comprises or
consists ofone or more phospholipids, e.g., acholesterol-free
lipid particle formulation. In further embodiments, the non-
cationic lipid present in the lipid particles (e.g., SNALP)
comprises or consists of a mixture of one or more phospho-
lipids and cholesterol or a derivative thereof.

Other examples of non-cationic lipids suitable for use in
the present invention include nonphosphorouscontaininglip-
ids such as, e.g., stearylamine, dodecylamine, hexadecy-
lamine, acetyl palmitate, glycerolricinoleate, hexadecyl
stereate, isopropyl myristate, amphoteric acrylic polymers,
triethanolamine-laury! sulfate, alkyl-aryl sulfate polyethy-
loxylated fatty acid amides, dioctadecyldimethyl ammonium
bromide, ceramide, sphingomyelin, andthe like.

In some embodiments, the non-cationic lipid comprises
from about 13 mol %to about 49.5 mol %, from about 20 mol
% to about 45 mol %, from about 25 mol % to about 45 mol
%, from about 30 mol % to about 45 mol %, from about 35
mol % to about 45 mol %, from about 20 mol %to about 40
mol %,from about 25 mol % to about 40 mol %,or from about
30 mol % to about 40 mol %ofthetotal lipid present in the
particle.

In certain embodiments, the cholesterol present in phos-
pholipid-free lipid particles comprises from about 30 mol %
to about 45 mol %, from about 30 mol %to about 40 mol %,
from about 35 mol % to about 45 mol %,or from about 35 mol
% to about 40 mol % ofthe total lipid present in the particle.
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As a non-limiting example, a phospholipid-free lipid particle
may comprise cholesterol! at about 37 mol % of the total lipid
present in the particle.

In certain other embodiments, the cholesterol present in
lipid particles containing a mixture ofphospholipid and cho-
lesterol comprises from about 30 mol % to about 40 mol %,
from about 30 mol %to about 35 mol %, or from about 35 mol
% to about 40 mol % ofthe total lipid present intheparticle.
As anon-limiting example,a lipid particle comprising a mix-
ture of phospholipid and cholesterol may comprise choles-
terol at about 34 mol % ofthetotallipid presentin theparticle.

In further embodiments, the cholesterol present in lipid
particles containing a mixture of phospholipid and choles-
terol comprises from about 10 mol % to about 30 mol %, from
about 15 mol %to about 25 mol %, or from about 17 mol %
to about 23 mol %ofthe total lipid present inthe particle. As
anon-limiting example, a lipid particle comprising a mixture
ofphospholipid and cholesterol may comprise cholesterol at
about 20 mol % ofthe total lipid present in theparticle.

In embodiments wherethelipidparticles contain a mixture
of phospholipid and cholesterol or a cholesterol derivative,
the mixture may comprise up to about 40, 45, 50, 55, or 60
mol %of the total lipid present in the particle. In certain
instances, the phospholipid component in the mixture may
comprise from about 2 mol % to about 12 mol %, from about
4 mol % to about 10 mol %, from about 5 mol % to about 10
mol %, from about 5 mol % to about 9 mol %, or from about
6 mol % to about 8 mol %ofthe total lipid present in the
particle. As a non-limiting example,a lipid particle compris-
ing a mixture of phospholipid and cholesterol may comprise
a phospholipid such as DPPC or DSPC at about 7 mol%(e.g.,
ina mixture with about 34 mol % cholesterol) ofthe totallipid
present in the particle. In certain other instances, the phos-
pholipid componentin the mixture may comprise from about
10 mol %to about 30 mol %, from about 15 mol %to about
25 mol %,or from about 17 mol % to about 23 mol % ofthe
total lipid present in the particle. As another non-limiting
example, a lipid particle comprising a mixture of phospho-
lipid and cholesterol may comprise a phospholipid such as
DPPCor DSPCat about 20 mol %(e.g., in a mixture with
about 20 mol % cholesterol) ofthe total lipid present in the
particle.

C. Lipid Conjugate
In addition to cationic and non-cationic lipids, the lipid

particles of the invention (e.g., SNALP) comprise a lipid
conjugate. The conjugatedlipid is usefulin thatit prevents the
aggregation ofparticles. Suitable conjugated lipids include,
butare notlimited to, PEG-lipid conjugates, ATTA-lipid con-
jugates, cationic-polymer-lipid conjugates (CPLs), and mix-
tures thereof. In certain embodiments, the particles comprise
either a PEG-lipid conjugate or an ATTA-lipid conjugate
together with a CPL.

In a preferred embodiment, the lipid conjugate is a PEG-
lipid. Examples of PEG-lipidsinclude, but are not limited to,
PEGcoupled to dialkyloxypropyls (PEG-DAA)as described
in, e.g., PCT Publication No. WO 05/026372, PEG coupled to

 
diacylglycerol (PEG-DAG)as described in, e.g., U.S. Patent .
Publication Nos. 20030077829 and 2005008689, PEG ~
coupled to phospholipids such as phosphatidylethanolamine
(PEG-PE), PEG conjugated to ceramidesas described in, e.g.,
USS. Pat. No. 5,885,613, PEG conjugated to cholesterol or a
derivative thereof, and mixtures thereof. The disclosures of
these patent documents are herein incorporated by reference
in their entirety for all purposes. Additional PEG-lipids
include, without limitation, PEG-C-DOMG, 2 KPEG-DMG,
and a mixture thereof.

PEGis a linear, water-soluble polymer of ethylene PEG
repeating units with two terminal hydroxyl groups. PEGsare
classified bytheir molecular weights; for example, PEG 2000
has an average molecular weight of about 2,000 daltons, and
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PEG 5000 has an average molecular weight of about 5,000
daltons. PEGs are commercially available from Sigma
Chemical Co. and other companies and include, for example,
the following: monomethoxypolyethylene glycol (MePEG-
OH), monomethoxypolyethylene glycol-succinate (MePEG-
S), monomethoxypolyethylene glycol-succinimidyl succi-
nate (MePEG-S-NHS), monomethoxypolyethylene glycol-
amine (MePEG-NH,), monomethoxypolyethylene glycol-
tresylate (MePEG-TRES), and monomethoxypolyethylene
glycol-imidazolyl-carbonyl (MePEG-IM). Other PEGs such
as those described in U.S. Pat. Nos. 6,774,180 and 7,053,150
(e.g., mPEG (20 KDa) amine) are also useful for preparing
the PEG-lipid conjugates of the present invention. The dis-
closures of these patents are herein incorporated byreference
in their entirety for all purposes. In addition, monomethoxy-
polyethyleneglycolacetic acid (MePEG-CH,COOH)is par-
ticularly useful for preparing PEG-lipid conjugates includ-
ing, e.g., PEG-DAAconjugates.

The PEG moiety of the PEG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 550 daltons to about 10,000 daltons. In certain
instances, the PEG moiety has an average molecular weight
of from about 750 daltons to about 5,000 daltons(e.g., from
about 1,000 daltons to about 5,000 daltons, from about 1,500
daltons to about 3,000 daltons, from about 750 daltons to
about 3,000 daltons, from about 750 daltons to about 2,000
daltons, etc.). In preferred embodiments, the PEG moiety has
an average molecular weight of about 2,000 daltons or about
750 daltons.

In certain instances, the PEG canbe optionally substituted
by an alkyl, alkoxy, acyl, or aryl group. The PEG can be
conjugated directly to the lipid or maybelinkedto the lipid
via a linker moiety. Any linker moiety suitable for coupling
the PEGto a lipid can be used including, e.g., non-ester
containing linker moieties and ester-containing linker moi-
eties. ln a preferred embodiment, the linker moiety is a non-
ester containing linker moiety. As used herein, the term“non-
ester containing linker moiety”refers to a linker moiety that
does not contain a carboxylic ester bond (—OC(O)—). Suit-
able non-ester containing linker moieties include, but are not
limited to, amido (—C(O)NH—), amino (—NR—), carbonyl
(—C(O)—), carbamate (—NHC(O)O—),urea (—NHC(O)
NH), disulphide (--S-—-S-——-), ether (--O-—-), succinyl
(-—(O)CCH,CH,C(O)--),—succinamidyl (—-NHC(O)
CH,CH,C(O)NH—),ether, disulphide, as well as combina-
tions thereof (such as a linker containing both a carbamate
linker moiety and an amido linker moiety). In a preferred
embodiment, a carbamate linker is used to couple the PEG to
the lipid.

In other embodiments, an ester containing linker moiety is
used to couple the PEGto the lipid. Suitable ester containing
linker moieties include, e.g., carbonate (—OC(O)O—),suc-
cinoyl, phosphate esters (—O—(O)POH—O—), sulfonate
esters, and combinationsthereof.

Phosphatidylethanolamines having a variety of acyl chain
groups ofvarying chain lengths and degrees of saturation can
be conjugated to PEGto formthe lipid conjugate. Such phos-
phatidylethanolamines are commercially available, or can be
isolated or synthesized using conventional techniques known
to those ofskilled in theart. Phosphatidylethanolamines con-
taining saturated or unsaturated fatty acids with carbon chain
lengths in the range of C,, to C3, are preferred. Phosphati-
dylethanolamines with mono- or diunsaturated fatty acids
and mixtures ofsaturated and unsaturated fatty acids can also
be used. Suitable phosphatidylethanolaminesinclude, but are
not limited to, dimyristoyl-phosphatidylethanolamine
(DMPE), dipalmitoyl-phosphatidylethanolamine (DPPE),
dioleoylphosphatidylethanolamine (DOPE), and distearoyl-
phosphatidylethanolamine (DSPE).
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The term “ATTR”or “polyamide”refers to, without limi-
tation, compoundsdescribed in U.S. Pat. Nos. 6,320,017 and

 

 

54

(VD
6,586,559, the disclosures of which are herein incorporated CILO—R!.
byreference in their entirety for all purposes. These com- 5
poundsinclude a compoundhaving the formula: 5 CHO—R

CH)-—

dy)

3 In a preferred embodiment, the PEG-lipid is a PEG-DAA
RI 9 R 19 conjugate having the following fornia:

R4-N— (CICH2O)qj— (CH)pTCNHE— Cg R3,
t (VII)

" CH,0——R!

wherein R is a memberselected fromthe group consisting of 15 CHO—R®
hydrogen, alkyl and acyl; R' is a member selected from the CH-L-PEG
group consisting of hydrogen andalkyl; or optionally, R and ,
R'andthe nitrogen to which they are bound form an azido
moiety; R? is amemberofthe group selected from hydrogen, wherein R' and R*are independentlyselected and are long-
optionally substituted alkyl, optionally substituted arylanda 20 chain alkyl groups having from about 10 to about 22 carbon
side chain ofan aminoacid; R* is amemberselected from the atoms; PEG is a polyethyleneglycol: and L is a non-ester
group consisting ofhydrogen, halogen, hydroxy, alkoxy, mer- containing linker moiety or an ester containing linker moiety
capto, hydrazino, amino and NR*R°, wherein R* and R° are as described above. The long-chain alkyl groups can be satu-
independently hydrogenoralkyl; nis 4 to 80; m is 2 to 6; p is rated or unsaturated. Suitable alkyl groups include, but are not
1 to 4; and q is 0 or 1. It will be apparentto those of skill inthe ,, limited to, lauryl (C,,), myristyl(C,,), palmityl (C,,), stearyl
art that other polyamides can be used in the compoundsofthe (C,,), and icosyl (C3). In preferred embodiments, R* and R?
present invention. are the same, i.e., R' and R? are both myristyl(i.e., dimyri-

The term “diacylglycerol” refers to a compoundhaving 2 styl), R’ and R? are both steary](i.e., distearyl), etc.
fatty acyl chains, R’ and R?, both of which have indepen- In Formula VII above, the PEGhas an average molecular
dently between 2 and 30 carbons bondedto the 1- and 2-po- _. weight ranging from about 550 daltons to about 10,000 dal-
sition of glycerol byester linkages. The acyl groups can be °° tons. In certain instances, the PEG has an average molecular
saturated or have varying degrees of unsaturation. Suitable weight offrom about 750 daltons to about 5,000 daltons(e.g.,
acyl groups include, but are not limited to, lauryl (C, 2), myri- from about 1,000 daltons to about 5,000 daltons, from about
styl (C,,), palmityl (C,,), stearyl (C),), and icosyl (C59). In 1,500 daltons to about 3,000 daltons, from about 750 daltons
preferred embodiments, R' and R? are the same, i.e., R’ and to about 3,000 daltons, from about 750 daltons to about 2,000
R? are both myristyl (i.e., dimyristyl), R' and R* are both 35 daltons, etc.). In preferred embodiments, the PEG has an
stearyl (i.e., distearyl), etc. Diacylglycerols have the follow- average molecular weight ofabout 2,000 daltons or about 750
ing general formula: daltons. The PEG can be optionally substituted with alkyl,

alkoxy, acyl. or aryl. In certain embodiments, the terminal
hydroxyl group is substituted with a methoxy or methyl

0 (VY) 40 group.
In a preferred embodiment, “L” is a non-ester containing

ye linker moiety. Suitable non-ester containing linkers include,
CHO R! but are notlimited to, an amidolinker moiety, an amino linker

0 moiety, a carbony]linker moiety, a carbamate linker moiety,

J 4s a urea linker moiety, an ether linker moiety, a disulphidei 2 linker moiety, a succinamidy] linker moiety, and combina-
CHO XR tions thereof. In a preferred embodiment, the non-ester con-
CH0— taining linker moiety is a carbamate linker moiety(i.¢., a

PEG-C-DAA conjugate). In another preferred embodiment,

so the non-ester containing linker moiety is an amido linker
The term “dialkyloxypropyl”refers to a compoundhaving

2 alkyl chains, R' and R’, both ofwhich have independently
between 2 and 30 carbons. The alkyl groups can be saturated
or have varying degrees of unsaturation. Dialkyloxypropyls
have the following general formula:

 

moiety (i.e., a PEG-A-DAA conjugate). In yet another pre-
ferred embodiment, the non-ester containing linker moietyis
a succinamidy]linker moiety (1.e., a PEG-S-DAAconjugate).

In particular embodiments, the PEG-lipid conjugate is
selected from:

0

NNABand
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(PEG-C-DOMG)

The PEG-DAA conjugates are synthesized using standard
techniques and reagents knownto those ofskill in the art. It
will be recognizedthat the PEG-DAA conjugates will contain
various amide, amine, ether, thio, carbamate, and urea link-
ages. Those ofskill in the art will recognize that methods and
reagents for forming these bonds are well knownandreadily
available. See, e.g., March, ADVANCED ORGANIC
CHEMISTRY (Wiley 1992); Larock, COMPREHENSIVE
ORGANIC TRANSFORMATIONS (VCH1989); and Fur-
niss, VOGEL’S TEXTBOOK OF PRACTICAL ORGANIC
CHEMISTRY, 5th ed. (Longman 1989). It will also be appre-
ciated that any functional groups present may require protec-
tion and deprotection atdifferent points in the synthesis ofthe
PEG-DAA conjugates. Those ofskill in the art will recognize
that such techniques are well known. See, e.g., Green and
Wuts, PROTECTIVE GROUPSIN ORGANIC SYNTHESIS
(Wiley 1991).

Preferably, the PEG-DAAconjugate is a dilauryloxypro-
pyl (C,,)-PEG conjugate, dimyristyloxypropyl (C,,)-PEG
conjugate, a dipalmityloxypropyl (C,,)-PEG conjugate, or a
distearyloxypropyl (C,,)-PEG conjugate. Those ofskill in
the art will readily appreciate that other dialkyloxypropyls
can be used in the PEG-DAA conjugatesofthe present inven-
tion.

In addition to the foregoing,it will be readily apparent to
those of skill in the art that other hydrophilic polymers can be
used in place ofPEG. Examplesofsuitable polymers that can
be used in place of PEG include, but are not limited to,
polyvinylpyrrolidone, polymethyloxazoline, polyethylox-
azoline, polyhydroxypropyl methacrylamide, polymethacry-
lamide and polydimethylacrylamide, polylactic acid, polyg-
lycolic acid, and derivatized celluloses such as
hydroxymethylcellulose or hydroxyethylcellulose.

In addition to the foregoing components, the particles (e.g.,
SNALP or SPLP)ofthe present invention can further com-
prise cationic poly(ethylene glycol) (PEG) lipids or CPLs
(see, e.g., Chen et al., Bioconj. Chem., 11:433-437 (2000)).
Suitable SPLPs and SPLP-CPLsforuse in the present inven-
tion, and methods of making and using SPLPs and SPLP-
CPLs,are disclosed, e.g., in U.S. Pat. No. 6,852,334 and PCT
Publication No. WO 00/62813, the disclosures of which are
herein incorporated by reference in their entirety for all pur-
poses.

Suitable CPLs include compoundsofFormula VIII:

 

 

A-W—_Y (VOD,

wherein A, W, and Y are as described below.
With reference to Formula VIII, “A”is a lipid moiety such

as an amphipathic lipid, a neutrallipid, or a hydrophobic lipid
thatacts as a lipid anchor. Suitable lipid examples include, but
are not limited to, diacylglycerolyls, dialkylglycerolyls,
N—N-dialkylaminos, 1,2-diacyloxy-3-aminopropanes, and
J ,2-dialkyl-3-aminopropanes.

“W” is a polymer or an oligomer such as a hydrophilic
polymeror oligomer. Preferably, the hydrophilic polymerisa
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biocompatable polymer that is nonimmunogenicorpossesses
lowinherent immunogenicity. Alternatively, the hydrophilic
polymer can be weakly antigenic if used with appropriate
adjuvants. Suitable nonimmunogenic polymers include, but
are not limited to, PEG, polyamides, polylactic acid, polyg-
lycolic acid, polylactic acid/polyglycolic acid copolymers,
and combinations thereof. In a preferred embodiment, the
polymer has a molecular weight of from about 250 to about
7,000 daltons.

“Y” is a polycationic moiety. The term polycationic moiety
refers to a compound,derivative, or functional group having
a positive charge, preferably at least 2 positive charges at a
selected pH, preferably physiological pH. Suitable polyca-
tionic moieties include basic amino acids andtheir derivatives

suchas arginine, asparagine, glutamine,lysine,and histidine;
spermine; spermidine; cationic dendrimers; polyamines;
polyamine sugars; and amino polysaccharides. The polyca-
tionic moieties can be linear, such as linear tetralysine,
branched or dendrimeric in structure. Polycationic moieties
have between about 2 to about 15 positive charges, preferably
between about 2 to about 12 positive charges, and more
preferably between about 2 to about 8 positive charges at
selected pH values. The selection ofwhich polycationic moi-
ety to employ may be determined by the type ofparticle
application whichis desired.

The charges on the polycationic moieties can be either
distributed aroundthe entire particle moiety,or alternatively,
they can be a discrete concentration of charge density in one
particular area ofthe particle moiety e.g., a charge spike. Ifthe
charge density is distributed on the particle, the charge den-
sity can be equally distributed or unequally distributed. All
variations of charge distribution of the polycationic moiety
are encompassedbythe present invention.

‘The lipid “A” and the nonimmunogenic polymer“W”can
be attached by various methods and preferably by covalent
attachment. Methods knownto those of skill in the art can be
used for the covalent attachment of “A” and “W.” Suitable

linkages include, but are not limited to, amide, amine, car-
boxyl, carbonate, carbamate,ester, and hydrazonelinkages.It
will be apparentto those skilled in the art that “A” and “W”
must have complementaryfunctional groupsto effectuate the
linkage. The reaction ofthese two groups, one onthelipid and
the other onthe polymer, will provide the desired linkage. For
example, whenthe lipid is a diacylglycerol and the terminal
hydroxyl is activated, for instance with NHS and DCC,to
form an active ester, and is then reacted with a polymer which
contains an amino group, such as with a polyamide(see,e.g.,
U.S. Pat. Nos. 6,320,017 and 6,586,559, the disclosures of
whichare herein incorporated by reference in their entirety
for all purposes), an amide bond will form between the two
groups.

In certain instances, the polycationic moiety can have a
ligand attached, such as a targeting ligand or a chelating
moiety for complexing calcium. Preferably, after the ligandis
attached, the cationic moiety maintains a positive charge.In
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certain instances, the ligand that is attached has a positive
charge. Suitable ligands include, but are not limited to, a
compound or device with a reactive functional group and
include lipids, amphipathic lipids, carrier compounds, bioaf-
finity compounds, biomaterials, biopolymers, biomedical
devices, analytically detectable compounds, therapeutically
active compounds, enzymes, peptides, proteins, antibodies,
immune stimulators, radiolabels, fluorogens, biotin, drugs,
haptens, DNA, RNA, polysaccharides, liposomes,
virosomes, micelles, immunoglobulins, functional groups,
other targeting moieties, or toxins.

The lipid conjugate (e.g., PEG-lipid) typically comprises
from about 0.1 mol % to about 2 mol %, from about 0.5 mol
% to about 2 mol %, from about 1 mol % to about 2 mol %,
from about 0.6 mol % to about 1.9 mol %, from about 0.7 mol
% to about 1.8 mol %, from about 0.8 mol % to about 1.7 mol
%, from about 0.9 mol % to about 1.6 mol %, from about 0.9
mol %to about 1.8 mol %, from about 1 mol % to about 1.8
mol %, from about 1 mol %to about 1.7 mol %, from about
1.2 mol % to about 1.8 mol %, from about 1.2 mol %to about
1.7 mol %, from about 1.3 mol % to about 1.6 mol %, or from
about 1.4 mol % to about 1.5 mol % ofthe total lipid present
in the particle.

One of ordinary skill in the art will appreciate that the
concentration ofthe lipid conjugate can be varied depending
on the lipid conjugate employed and the rate at which the
nucleic acid-lipid particle is to become fusogenic.

Bycontrolling the composition and concentration of the
lipid conjugate, one can control the rate at which the lipid
conjugate exchangesoutofthe nucleic acid-lipid particle and,
in turn, the rate at which the nucleic acid-lipid particle
becomes fusogenic. For instance, when a PEG-phosphati-
dylethanolamine conjugate or a PEG-ceramide conjugate is
used as the lipid conjugate, the rate at which the nucleic
acid-lipid particle becomes fusogenic can be varied, for
example, by varying the concentrationofthe lipid conjugate,
by varying the molecularweight ofthe PEG,or by varying the
chain length and degree ofsaturation of the acyl chain groups
on the phosphatidylethanolamine or the ceramide. In addi-
tion, other variables including, for example,pI, temperature,
ionic strength,etc. can be used to vary and/or controlthe rate
at which the nucleic acid-lipid particle becomes fusogenic.
Other methods which can be used to control the rate at which

the nucleic acid-lipid particle becomes fusogenic will
become apparentto those ofskill in the art upon reading this
disclosure.

VI. Preparation of Lipid Particles

Thelipid particles ofthe present invention, e.g., SNALP, in
which an active agent or therapeutic agent such as an inter-
fering RNAis encapsulated in a lipid bilayer andis protected
from degradation, can be formed by any method knownin the
art including, but notlimited to, a continuous mixing method
ora direct dilution process.

In preferred embodiments, the cationic lipids are lipids of
Formula I, II, and III, or combinations thereof. In other pre-
ferred embodiments, the non-cationic lipids are egg sphingo-
myelin (ESM), distearoylphosphatidylcholine (DSPC), dio-
leoylphosphatidylcholine (DOPC), 1-palmitoyl-2-oleoyl-
phosphatidylcholine (POPC), dipalmitoyl-
phosphatidylcholine (DPPC), monomethyl-
phosphatidylethanolamine, dimethy]-
phosphatidylethanolamine, 14:0 PE  (1,2-dimyristoyl-
phosphatidylethanolamine (DMPE)), 16:0 PE (1,2-
dipalmitoyl-phosphatidylethanolamine (DPPI')), 18:0 PI!
(1,2-distearoyl-phosphatidylethanolamine (DSPE)), 18:1 PE
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(1,2-dioleoyl-phosphatidylethanolamine (DOPE)), 18:1
trans PE (1,2-dielaidoyl-phosphatidylethanolamine
(DEPE)), 18:0-18:1 PE (1-stearoyl-2-oleoyl-phosphatidyle-
thanolamine (SOPE)), 16:0-18:1 PE (1-palmitoyl-2-oleoyl-
phosphatidylethanolamine (POPE)), polyethylene glycol-
based polymers(e.g., PEG 2000, PEG 5000, PEG-modified
diacylglycerols, or PEG-modified dialkyloxypropyls), cho-
lesterol, or combinations thereof.

In certain embodiments, the present invention provides for
SNALPproduced via a continuous mixing method, e.g., a
process that includes providing an aqueoussolution compris-
ing, a nucleic acid suchas an interfering RNAina first reser-
voir, providing an organiclipid solution in a secondreservoir,
and mixing the aqueoussolution with the organic lipid solu-
tion such that the organic lipid solution mixes with the aque-
ous solution so as to substantially instantaneously produce a
liposome encapsulating the nucleic acid (e.g., interfering
RNA). This process and the apparatus for carrying this pro-
cess are described in detail in U.S. Patent Publication No.

20040142025, the disclosure ofwhich is herein incorporated
by reference in its entirety for all purposes.

The action of continuously introducing lipid and buffer
solutions into a mixing environment, such as in a mixing
chamber, causes a continuous dilution of the lipid solution
with the buffer solution, thereby producing a liposome sub-
stantially instantaneously upon mixing. As used herein, the
phrase “continuously diluting a lipid solution with a buffer
solution”(and variations) generally meansthat the lipid solu-
tion is diluted sufficiently rapidlyin a hydration process with
sufficient force to effectuate vesicle generation. By mixing
the aqueous solution comprising a nucleic acid with the
organic lipid solution, the organic lipid solution undergoes a
continuous stepwise dilution in the presence of the buffer
solution (i.e., aqueous solution) to produce a nucleic acid-
lipid particle.

The SNALP formedusing the continuous mixing method
typically have a size of from about 40 nm to about 150 nm,
from about 50 nm to about 150 nm,from about 60 nm to about
130 nm,from about 70 nmto about 110 nm, or from about 70
nm to about 90 nm. The particles thus formed do not aggre-
gate and are optionally sized to achieve a uniformparticlesize.

In another embodiment, the present invention provides for
SNALPproduced via a direct dilution process that includes
forming a liposome solution and immediately and directly
introducing the liposome solution into a collection vessel
containing a controlled amountofdilution buffer. In preferred
aspects, the collection vessel includes one or more elements
configured to stir the contents of the collection vessel to
facilitate dilution. In one aspect, the amountofdilution buffer
present in the collection vessel is substantially equal to the
volume of liposome solution introduced thereto. As a non-
limiting example, a liposome solution in 45%ethanol when
introducedinto the collection vessel containing an equal vol-
umeofdilution buffer will advantageously yield smaller par-
ticles.

In yet another embodiment, the present invention provides
for SNALPproducedvia a direct dilution process in which a
third reservoir containing dilution buffer is fluidly coupled to
a second mixing region. In this embodiment, the liposome
solution formed in a first mixing region is immediately and
directly mixed with dilution buffer in the second mixing
region. In preferred aspects, the second mixing region
includes a T-connector arranged so that the liposome solution
and the dilution buffer flows meet as opposing 180° flows;
however, connectors providing shallower angles can be used,
e.g., from about 27° to about 180°. A pump mechanism deliv-
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ers a controllable flow ofbuffer to the second mixing region.
In oneaspect, the flow rate of dilution buffer provided to the
second mixing region 1s controlled to be substantially equal to
the flow rate of liposomesolution introduced thereto from the
first mixing region. This embodiment advantageouslyallows
for more control ofthe flow ofdilution buffer mixing with the
liposomesolution in the second mixing region, and therefore
also the concentration ofliposomesolution in buffer through-
out the second mixing process. Such control of the dilution
butfer flow rate advantageouslyallowsfor small particle size
formation at reduced concentrations.

These processes and the apparatuses for carrying out these
direct dilution processesare described in detail in U.S. Patent
Publication No. 20070042031, the disclosure of which is

herein incorporated by reference in its entirety for all pur-
poses.

The SNALP formed using the direct dilution process typi-
cally have a size of from about 40 nm to about 150 nm, from
about 50 nmto about 150 nm, from about 60 nm to about 130
nm, from about 70 nm to about 110 nm,or from about 70 nm
to about 90 nm. Theparticles thus formed do not aggregate
andare optionally sized to achieve a uniform particle size.

Ifneeded,thelipid particles ofthe invention (e.g., SNALP)
can be sized by any of the methods available for sizing lipo-
somes. The sizing may be conducted in order to achieve a
desired size range and relatively narrow distribution of par-
ticle sizes.

Several techniquesare available for sizing the particles toa
desired size. One sizing method, used for liposomes and
equally applicable to the presentparticles, is described in US.
Pat. No. 4,737,323, the disclosure of which is herein incor-
porated byreferencein its entirety for all purposes. Sonicat-
ing a particle suspensioneither by bath or probe sonication
producesaprogressive size reduction downto particles ofless
than about 50 nmin size. Homogenization 1s another method
which relies on shearing energy to fragmentlarger particles
into smaller ones. In a typical homogenization procedure,
particles are recirculated through a standard emulsion
homogenizer until selected particle sizes, typically between
about 60 and about 80 nm,are observed.In both methods, the
particle size distribution can be monitored by conventional
laser-beamparticle size discrimination, or QELS.

Extrusion of the particles through a small-pore polycar-
bonate membrane or an asymmetric ceramic membraneis
also an effective method for reducing particle sizes to a rela-
tively well-defined size distribution. ‘lypically, the suspen-
sion is cycled through the membrane one or more times until
the desiredparticle size distribution is achieved. Theparticles
may be extruded through successively smaller-pore mem-
branes, to achieve a gradual reduction in size.

In some embodiments, the nucleic acids in the SNALPare

precondensed as described in, e.g., U.S. patent application
Ser. No. 09/744,103, the disclosure of whichis herein incor-
porated by referencein its entirety for all purposes.

In other embodiments, the methods will further comprise
adding non-lipid polycations which are useful to effect the
lipofectionofcells using the present compositions. Examples
ofsuitable non-lipid polycations include, hexadimethrine
bromide (sold under the brandname POLYBRENE®, from
Aldrich Chemical Co., Milwaukee, Wis., USA) orothersalts
of hexadimethrine. Other suitable polycations include, for
example, salts of poly-L-ornithine, poly-L-arginine, poly-L-
lysine, poly-D-lysine, polyallylamine, and polyethylene-
imine. Addition ofthese salts is preferably after the particles
have been formed.

In some embodiments, the nucleic acid to lipid ratios
(mass/massratios) in a formed SNALP will range from about
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0.01 to about 0.2, from about 0.02 to about 0.1, from about
0.03 to about 0.1, or from about 0.01 to about 0.08. Theratio

of the starting materials also falls within this range. In other
embodiments, the SNALP preparation uses about 400 ug
nucleic acid per 10 mgtotal lipid or a nucleic acid to lipid
massratio of about 0.01 to about 0.08 and, more preferably,
about 0.04, which correspondsto 1.25 mgoftotal lipid per 50
ug, of nucleic acid. In other preferred embodiments, the par-
ticle has a nucleic acid:lipid mass ratio of about 0.08.

In other embodiments, the lipid to nueleic acid ratios
(mass/massratios) in a formed SNALPwill range from about
1 (1:1) to about 100 (100:1), from about 5 (5:1) to about 100
(100:1), from about 1 (1:1) to about 50 (50:1), from about 2
(2:1) to about 50 (50:1), from about 3 (3:1) to about 50 (50: 1),
from about 4 (4:1) to about 50 (50:1), from about 5 (5:1) to
about 50 (50:1), from about 1 (1:1) to about 25 (25:1), from
about 2 (2:1) to about 25 (25:1), from about 3 (3:1) to about 25
(25:1), from about 4 (4:1) to about 25 (25:1), from about 5
(5:1) to about 25 (25:1), from about 5 (5:1) to about 20 (20:1),
from about 5 (5:1) to about 15 (15:1), from about 5 (5:1) to
about 10 (10:1), about 5 (5:1), 6 (6:1), 7 (7:1), 8 (8:1), 9 @:D,
(10:1), 11 (11:1), 12 (12:1), 13 (13:1), 14 (14:1), or 15 (15:1).
Theratio of the starting materials also falls within this range.

Aspreviously discussed, the conjugated lipid may further
include a CPL. A variety of general methods for making
SNALP-CPLs (CPL-containing SNALP) are discussed
herein. Two general techniques include “post-insertion” tech-
nique, that is, insertion of a CPL into, for example, a pre-
formed SNALP, andthe “standard” technique, wherein the
CPLis includedin the lipid mixture during, for example, the
SNALPformation steps. The post-insertion techniqueresults
in SNALP having CPLs mainly in the external face of the
SNALPbilayer membrane, whereas standard techniquespro-
vide SNALPhaving CPLs on both internal and externalfaces.
The methodis especially useful for vesicles made from phos-
pholipids (which can contain cholesterol) and also for
vesicles containing PEG-lipids (such as PEG-DAAs and
PEG-DAGs). Methods of making SNALP-CPL,are taught,
for example, in U.S. Pat. Nos. 5,705,385; 6,586,410; 5,981,
501; 6,534,484; and 6,852,334; U.S. Patent Publication No.
20020072121; and PCT Publication No. WO 00/62813, the
disclosures of which are herein incorporated by reference in
their entirety for all purposes.

VIL. Kits

The present invention also provides lipid particles (e.g.,
SNALP)in kit form. The kit may comprise a container which
is compartmentalized for holding the various elements ofthe
lipid particles (e.g., the active agents or therapeutic agents
such as nucleic acids and the individual lipid components of
the particles). In some embodiments, the kit may further
comprise an endosomal membranedestabilizer(e.g., calcrum
ions). The kit typically contains the lipid particle composi-
tionsofthe present invention, preferably in dehydrated form,
with instructions for their rehydration and administration.

As explained herein, the lipid particles of the invention
(e.g., SNALP) canbetailored to preferentially target particu-
lar tissues, organs, or tumors ofinterest. In certain instances,
preferential targeting oflipid particles such as SNALP may
be carried out by controlling the composition ofthe particle
itself. For instance, as set forth in Example 11, it has been
found that the 1:57 PEG-cDSA SNALP formulation can be

used to preferentially target tumors outside of the liver,
whereas the 1:57 PIiG-cDMA SNALP formulation can be

used to preferentially target the liver (including liver tumors).
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In certain other instances, it may be desirable to have a
targeting moiety attached to the surface ofthe lipid particle to
further enhance the targeting of the particle. Methods cf
attaching targeting moieties (e.g., antibodies, proteins, etc.)
to lipids (such as those used in the present particles) are
knownto those ofskill in the art.

VII. Administration ofLipidParticles

Once formed, the lipid particles of the invention (e.g.,
SNALP) are useful for the introduction of active agents or
therapeutic agents (e.g., nucleic acids such as interfering
RNA)into cells. Accordingly, the present invention also pro-
vides methodsfor introducing an active agent or therapeutic
agent such as a nucleicacid(e.g., interfering RNA)into acell.
The methodsare carried outin vitro or in vivo by first forming
the particles as described above and then contacting the par-
ticles with the cells for a period oftime sufficient for delivery
ofthe active agent or therapeutic agent to the cells to occur.

Thelipid particles of the invention (e.g., SNALP) can be
adsorbed to almost any cell type with whichthey are mixed er
contacted. Once adsorbed,the particles can cither be endocy-
tosed by a portion of the cells, exchange lipids with cell
membranes, or fuse with the cells. Transfer or incorporation
of the active agent or therapeutic agent (e.g., nucleic acid)
portion of the particle can take place via any one of these
pathways. In particular, when fusion takes place, the particle
membraneis integrated into the cell membrane andthe con-
tents ofthe particle combine with the intracellular fluid.

The lipid particles of the invention (e.g., SNALP) can be
administered either alone or in a mixture with a pharmaceu-
tically-acceptable carrier (e.g., physiological saline or phos-
phate buffer) selected in accordance with the route of admin-
istration and standard pharmaceutical practice. Generally,
normal buffered saline (e.g., 135-150 mM NaCl) will be
employed as the pharmaceutically-acceptable carrier. Other
suitable carriers include, e.g., water, buffered water, 0.4%
saline, 0.3% glycine, andthe like, including glycoproteins for
enhanced stability, such as albumin, lipoprotein, globulin,
etc. Additional suitable carriers are described in, e.g., REM-
INGTON’S PHARMACEUTICAL SCIENCES, Mack Pub-
lishing Company, Philadelphia, Pa., 17th ed. (1985). As used
herein, “carrier” includes any and all solvents, dispersion
media, vehicles, coatings, diluents, antibacterial and antifun-
gal agents, isotonic and absorption delaying agents, buffers,
carrier solutions, suspensions, colloids, and the like. ‘he
phrase “pharmaceutically-acceptable” refers to molecular
entities and compositions that do not produce an allergic or
similar untoward reaction when administered to a human.

The pharmaceutically-acceptable carrier is generally
addedfollowing particle formation. Thus, after the particle is
formed, the particle can be diluted into pharmaceutically-
acceptable carriers such as normalbuffered saline.

The concentration of particles in the pharmaceutical for-
mulations can vary widely,i.e., from less than about 0.05%,
usually at orat least about 2 to 5%, to as muchas about 10 to
90% by weight, and will be selected primarily by fluid vol-
umes,viscosities, etc., inaccordance with the particular mode
of administration selected. For example, the concentration
may be increased to lower the fluid load associated with
treatment. This may be particularly desirable in patients hav-
ing atherosclerosis-associated congestive heart failure or

  

severe hypertension. Alternatively, particles composed of
irritating lipids maybe diluted to low concentrationsto lessen
inflammation at the site of administration.

The pharmaceutical compositions of the present invention
may besterilized by conventional, well-knownsterilization
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techniques. Aqueous solutions can be packaged for use or
filtered under aseptic conditions and lyophilized, the lyo-
philized preparation being combined with a sterile aqueous
solution prior to administration. The compositions can con-
tain pharmaceutically-acceptable auxiliary substances as
required to approximate physiological conditions, such as pH
adjusting and buffering agents, tonicity adjusting agents and
the like, for example, sodiumacetate, sodium lactate, sodium
chloride, potassium chloride, and calcium chloride. Addition-
ally, the particle suspension may include lipid-protective
agents which protect lipids against free-radical and lipid-
peroxidative damages on storage. Lipophilic free-radical
quenchers, such as alphatocopherol and water-soluble iron-
specific chelators, such as ferrioxamine,are suitable.

A. In Vivo Administration

Systemic delivery for in vivo therapy, e.g., delivery of a
therapeutic nucleic acid to a distal target cell via body systems
suchas the circulation, has been achieved using nucleic acid-
lipid particles such as those described in PCT Publication
Nos. WO 05/007196, WO 05/121348, WO 05/120152, and
WO 04/002453, the disclosures of which are herein incorpo-
rated by reference in their entirety for all purposes. The
present invention also provides fully encapsulated lipid par-
ticles that protect the nucleic acid from nuclease degradation
in serum, are nonimmunogenic, are small in size, and are
suitable for repeat dosing.

For in vivo administration, administration can be in any
manner knownin theart, e.g., by injection, oral administra-
tion, inhalation (e.g., intransal or intratracheal), transdermal
application, or rectal administration. Administration can be
accomplished via single or divided doses. The pharmaceuti-
cal compositions can be administered parenterally, i.e.,
intraarticularly, intravenously, intraperitoneally, subcutane-
ously, or intramuscularly. In some embodiments, the pharma-
ceutical compositions are administered intravenously or
intraperitoneally bya bolus injection (see, e.g., U.S. Pat. No.
5,286,634). Intracellular nucleic acid delivery has also been
discussed in Straubringeret al., Methods Enzymol., 101:512
(1983); Mannino et al., Biotechniques, 6:682 (1988); Nicolau
et al., Crit. Rev. Ther. Drug Carrier Syst., 6:239 (1989); and
Behr, Acc. Chem. Res., 26:274 (1993). Still other methods of
administering lipid-based therapeutics are described in, for
example, U.S. Pat. Nos. 3,993,754; 4,145,410; 4,235,871;
4,224,179; 4,522,803; and 4,588,578. The lipid particles can
be administered by directinjection atthe site ofdisease or by
injection at a site distal from the site of disease (see, e.g.,
Culver, HUMAN GENE THERAPY, MaryAnn Liebert,Inc.,
Publishers, New York. pp. 70-71 (1994)). The disclosures of
the above-described references are herein incorporated by
reference in their entirety for all purposes.

The compositions of the present invention, either alone or
in combination with other suitable components, can be made
into aerosol formulations(i.e., they can be “nebulized”) to be
administered via inhalation(e.g., intranasally or intratrache-
ally) (see, Brighamet al., Am. J. Sci., 298:278 (1989)). Aero-
sol formulations can be placed into pressurized acceptable
propellants, such as dichloroditluoromethane, propane, nitro-
gen, and thelike.

In certain embodiments, the pharmaceutical compositions
may be delivered by intranasal sprays, inhalation, and/or
other aerosol delivery vehicles. Methods for delivering
nucleic acid compositionsdirectly to the lungsvia nasal aero-
sol sprays have been described, e.g., in U.S. Pat. Nos. 5,756,
353 and 5,804,212. Likewise, the delivery of drugs using
intranasal microparticle resins and lysophosphatidyl-glyc-
erol compounds (U.S. Pat. No. 5,725,871) are also well-
known in the pharmaceutical arts. Similarly, transmucosal
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drug deliveryin the form of a polytetrafluoroetheylene sup-
port matrix is described in U.S. Pat. No. 5,780,045. The
disclosures of the above-described patents are herein incor-
porated byreferencein their entirety for all purposes.

Formulations suitable for parenteral administration, such
as, for example, by intraarticular (in the joints), intravenous,
intramuscular, intradermal, intraperitoneal, and subcutane-
ous routes, include aqueous and non-aqueous,isotonicsterile
injection solutions, which can contain antioxidants, buffers,
bacteriostats, and solutes that render the formulationisotonic
with the blood of the intended recipient, and aqueous and
non-aqueoussterile suspensions that can include suspending,
agents, solubilizers, thickening agents, stabilizers, and pre-
servatives. In the practice of this invention, compositions are
preferably administered, for example, by intravenous infu-
sion, orally, topically, intraperitoneally, intravesically, or
intrathecally.

Generally, when administered intravenously,the lipid par-
ticle formulations are formulated with a suitable pharmaceu-
tical carrier. Many pharmaceutically acceptable carriers may
be employed in the compositions and methodsof the present
invention. Suitable formulations for use in the present inven-
tion are found, for example, in REMINGTON’S PHARMA-
CEUTICAL SCIENCES, MackPublishing Company, Phila-
delphia, Pa., 17th ed. (1985). A variety of aqueouscarriers
maybe used, for example, water, buffered water, 0.4% saline,
0.3% glycine, and the like, and mayinclude glycoproteins for
enhancedstability, such as albumin, lipoprotein, globulin,
etc. Generally, normal buffered saline (135-150 mM NaCl)
will be employed as the pharmaceutically acceptable carrier,
but other suitable carriers will suffice. These compositions
can besterilized by conventional liposomalsterilization tech-
niques, such as filtration. The compositions may contain
pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions, such as pH adjust-
ing and buffering agents, tonicity adjusting agents, wetting
agents and the like, for example, sodium acetate, sodium
lactate, sodium chloride, potassium chloride, calcium chlo-
ride, sorbitan monolaurate,triethanolamine oleate, etc.These
compositions can besterilized using the techniques referred
to aboveor, alternatively, they can be produced understerile
conditions. The resulting aquecussolutions maybe packaged
for use or filtered under aseptic conditions and lyophilized,
the lyophilized preparation being combined withasterile
aqueoussolution prior to administration.

In certain applications, the lipid particles disclosed herein
may be delivered via oral administration to the individual.
The particles may be incorporated with excipients and used in
the form of ingestible tablets, buccal tablets, troches, cap-
sules, pills, lozenges, elixirs, mouthwash, suspensions, oral
sprays, syrups, wafers, and thelike (see, e.g., U.S. Pat. Nos.
5,641,515, 5,580,579, and 5,792,451, the disclosures of
whichare herein incorporated by reference in their entirety
for all purposes). These oral dosage forms may also contain
the following: binders, gelatin; excipients, lubricants, and/or
flavoring agents. When the unit dosage form is a capsule, it
may contain, in addition to the materials described above, a
liquid carrier. Various other materials may be present as coat-
ings or to otherwise modify the physical form of the dosage
unit. Of course, any material used in preparing any unit dos-
age form should be pharmaceutically pure and substantially
non-toxic in the amounts employed.

Typically, these oral formulations may contain at least
about 0.1% ofthe lipid particles or more, although the per-
centage of the particles may, of course, be varied and may
conveniently be between about 1% or 2%and about 60%or
70%or moreofthe weight or volumeofthe total formulation.
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Naturally, the amount of particles in each therapeutically
useful composition may be prepared is such a way that a
suilable dosage will be obtained in any given unit dose of the
compound. Factors such as solubility, bioavailability, bio-
logical half-life, route of administration, product shelflife, as
well as otherpharmacological considerations will be contem-
plated byoneskilled intheart ofpreparing such pharmaceu-
tical formulations, and as such, a variety of dosages and
treatment regimens may be desirable.

Formulations suitable for oral administration can consist

of: (a) liquid solutions, such as an effective amount of a
packaged therapeutic agent such as nucleic acid (e.g., inter-
fering RNA) suspended in diluents such as water, saline, or
PEG 400;(b) capsules, sachets, or tablets, each containing a
predetermined amountofa therapeutic agent such as nucleic
acid (e.g., interfering RNA), as liquids, solids, granules, or
gelatin; (c) suspensions in an appropriate liquid; and (d) suit-
able emulsions. Tablet forms can include one or more of

lactose, sucrose, mannitol, sorbitol, calctum phosphates, corn
starch, potato starch, microcrystalline cellulose, gelatin, col-
loidal silicon dioxide, talc,magnesiumstearate, stearic acid,
and other excipients, colorants, fillers, binders, diluents, buff-
ering agents, moistening agents, preservatives, flavoring
agents, dyes, disintegrating agents, and pharmaceutically
compatible carriers. Lozenge forms can comprise a therapeu-
tic agent such as nucleic acid (e.g., interfering RNA) in a
flavor, e.g., sucrose, as well as pastilles comprising the thera-
peutic agent in an inert base, such as gelatin and glycerin or
sucrose and acacia emulsions, gels, and the like containing,in
addition to the therapeutic agent, carriers knowninthe art.

In another example of their use, lipid particles can be
incorporated into a broad range of topical dosage forms. For
instance, a suspension containing nucleic acid-lipid particles
such as SNALP can be formulated and administeredas gels,
oils, emulsions, topical creams, pastes, ointments, lotions,
foams, mousses, andthe like.

When preparing pharmaceutical preparations ofthe lipid
particles of the invention,it is preferable to use quantities of
the particles which have beenpurified to reduce or eliminate
emptyparticles or particles with therapeutic agents such as
nucleic acid associated with the external surface.

The methodsofthe present invention may be practiced ina
variety of hosts. Preferred hosts include mammalian species,
such as primates (e.g., humans and chimpanzees as well as
other nonhuman primates), canines, felines, equines,
bovines, ovines, caprines, rodents (e.g., rats and mice), lago-
morphs, and swine.

The amountofparticles administered will depend upon the
ratio of therapeutic agent (e.g., nucleic acid) to lipid, the
particular therapeutic agent (e.g., nucleic acid) used, the dis-
easeor disorder beingtreated, the age, weight, and condition
of the patient, and the judgment of the clinician, but will
generally be between about 0.01 and about 50 mg per kilo-
gramofbodyweight, preferably betweenabout 0.1 and about
5 mg/kg of body weight, or about 10°-10"° particles per
administration(e.g., injection).

B. In Vitro Administration

For invitro applications, the delivery of therapeutic agents
such as nucleic acids(e.g., interfering RNA) canbeto any cell
grown in culture, whether ofplant or animalorigin, vertebrate
or invertebrate, and ofanytissue or type. In preferred embodi-
ments, the cells are animal cells, more preferably mammalian
cells, and most preferably humancells.

Contact between the cells and the lipid particles, when
carried out in vitro, takes place in a biologically compatible
medium. The concentration of particles varies widely
depending on the particular application, but is generally
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between about 1 umol and about 10 mmol. Treatmentofthe
cells with the lipid particles is generally carried out at physi-
ological temperatures (about 37° C.) for periods of time of
from about 1 to 48 hours, preferably of from about 2 to 4
hours.

In one group of preferred embodiments, a lipid particle
suspension is added to 60-80% confluent plated cells having
a cell density of from about 10° to about 10° cells/ml, more
preferably about 2x10* cells/ml. The concentration of the
suspension addedto the cells is preferably of from about 0.01
to 0.2 ug/ml, more preferably about 0.1 ug/ml.

Using, an Endosonial Release Parameter (ERP) assay, the
delivery efficiency ofthe SNALPorotherlipid particle of the
invention can be optimized.An ERP assayis described in
detail in U.S. Patent Publication No. 20030077829, the dis-
closure of which is herein incorporated by reference in its
entirety for all purposes. Moreparticularly, the purpose of an
ERPassayis to distinguishthe effect ofvarious cationic lipids
and helperlipid components of SNALP basedontheirrelative
effect on binding/uptake or fusion with/destabilization of the
endosomal membrane. This assay allows one to determine
quantitatively how cach component of the SNALP or other
lipid particle affects delivery efficiency, thereby optimizing
the SNALPor other lipid particle. Usually, an ERP assay
measures expression of a reporter protein (e.g., luciferase,
B-galactosidase, green fluorescent protein (GFP), etc.), andin
some instances, a SNALP formulation optimized for an
expression plasmidwill also be appropriate for encapsulating
an interfering RNA.In other instances, an ERP assay can be
adapted to measure downregulationoftranscription or trans-
lation of a target sequence in the presence or absence of an
interfering RNA (e.g., siRNA). By comparing the ERPs for
each of the various SNALPorother lipid particles, one can
readily determine the optimized system, e.g., the SNALP or
other lipid particle that has the greatest uptake inthecell.

C. Cells for Delivery of Lipid Particles
The compositions and methodsofthe present invention are

used to treat a wide variety of cell types, in vivo andin vitro.
Suitable cells include, e.g., hematopoietic precursor (stem)
cells, fibroblasts, keratinocytes, hepatocytes, endothelial
cells, skeletal and smooth muscle cells, osteoblasts, neurons,
quiescent lymphocytes, terminally differentiated cells, slow
or noncycling primary cells, parenchymal cells, lymphoid
cells, epithelial cells, bone cells, and the like. In preferred
embodiments, an active agent or therapeutic agent such as an
interfering RNA (e.g., siRNA) is delivered to cancer cells
such as, e.g., lung cancer cells, colon cancer cells, rectal
cancercells, anal cancer cells, bile duct cancer cells, small
intestine cancer cells, stomach (gastric) cancer cells, esoph-
ageal cancercells, gallbladder cancercells, liver cancercells,
pancreatic cancer cells, appendix cancercells, breast cancer
cells, ovarian cancercells, cervical cancercells, prostate can-
cer cells, renal cancer cells, cancer cells ofthe central nervous
system, glioblastoma tumor cells, skin cancer cells, lym-
phomacells, choriocarcinoma tumor cells, head and neck 5
cancercells, osteogenic sarcoma tumorcells, and blood can-
cer cells.

In vive delivery oflipid particles such as SNALP encap-
sulating an interfering RNA(e.2., sIRNA)is suited fortarget-
ing cells of anycell type. The methods and compositions can
be employed with cells of a wide variety of vertebrates,
including mammals, such as, e.g, canines, felines, equines,
bovines, ovines, caprines, rodents (e.g., mice, rats, and guinea
pigs), lagomorphs, swine, and primates (e.g. monkeys, chim-
panzees, and humans).

To the extent thattissue culture of cells may be required,it
is well-knownin the art. For example, Freshney, Culture of
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Animal Cells, a Manual of Basic Technique, 3rd Ed., Wiley-
Liss, NewYork (1994), Kuchleret al., Biochemical Methods
in Cell Culture andVirology, Dowden, Hutchinson and Ross,
Inc. (1977), and the references cited therein provide a general
guide to the culture of cells. Cultured cell systems often will
be in the form of monolayers of cells, although cell suspen-
sions are also used.

D. Detection ofLipid Particles
In some embodiments, the lipid particles of the present

invention (e.g., SNALP) are detectable in the subject at about
1, 2,3, 4, 5, 6, 7, 8 or more hours. In other embodiments, the
lipid particles of the present invention (e¢.g., SNALP) are
detectable in the subject at about 8, 12, 24, 48, 60, 72, or 96
hours, or about 6, 8, 10, 12, 14, 16, 18, 19, 22, 24, 25, or 28
days after administration ofthe particles. The presenceof the
particles can be detectedin the cells, tissues, or other biologi-
cal samples from the subject. The particles maybe detected,
e.g., by direct detection of the particles, detection of a thera-
peutic nucleic acid suchas an interfering RNA(e.g., siRNA)
sequence, detection ofthe target sequenceofinterest (i.e., by
detecting expressionor reduced expression ofthe sequence of
interest), or a combination thereof.

1. Detection of Particles

Lipid particles of the invention such as SNALP can be
detected using any method knownin the art. For example, a
label can be coupled directly or indirectly to a component of
the lipid particle using methods well-knownin the art.A wide
variety of labels can be used, with the choice oflabel depend-
ing on sensitivity required, ease of conjugation withthe lipid
particle component, stability requirements, and available
instrumentation and disposal provisions. Suitable labels
include, but are not limited to, spectral labels such as fluores-
cent dyes (e.g., fluorescein and derivatives, such as fluores-
cein isothiocyanate (FITC) and Oregon Green™, rhodamine
and derivatives such Texasred, tetrarhodimine isothiocynate
(TRITC), etc., digoxigenin, biotin, phycoerythrin, AMCA,
CyDyes™, andthe like; radiolabels such as *H, '7°I, **S, ‘*C,
*°p*5P etc.; enzymes such as horse radish peroxidase, alka-
line phosphatase, etc.; spectral colorimetric labels such as
colloidal gold or colored glass or plastic beads such as poly-
styrene, polypropylene, latex, etc. The label can be detected
using any means known intheart.

2. Detection of Nucleic Acids

Nucleic acids (e.g., interfering RNA) are detected and
quantified herein by any ofa number ofmeans well-knownto
those of skill in the art. The detection of nucleic acids may
proceed by well-known methods such as Southern analysis,
Northern analysis, gel electrophoresis, PCR, radiolabeling,
scintillation counting, and affinity chromatography. Addi-
tional analytic biochemical methods such as spectrophotom-
etry, radiography, electrophoresis, capillary electrophoresis,
high performanceliquid chromatography (HPLC), thin layer
chromatography(TLC), and hyperdiffusion chromatography
may also be employed.

The selection ofa nucleic acid hybridization formatis not
critical. A variety of nucleic acid hybridization formats are
known to those skilled in the art. For example, common
formats include sandwich assays and competition or dis-
placement assays. Hybridization techniques are generally
described in, e.g., “Nucleic Acid Hybridization, A Practical
Approach,” Eds. Hames and Higgins, IRL Press (1985).

The sensitivity of the hybridization assays may be
enhanced throughuse ofa nucleic acid amplification system
which multiplies the target nucleic acid being detected. In
vitro amplification techniques suitable for amplifying
sequences for use as molecular probes or for generating
nucleic acid fragments for subsequent subcloning are known.
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Examples of techniques sufficient to direct persons of skill
through such in vitro amplification methods, including the
polymerase chain reaction (PCR) the ligase chain reaction
(LCR), Qf-replicase amplification and other RNA poly-
merase mediated techniques (e.g., NASBA™)are found in
Sambrook ct al., In Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press (2000); and
Ausubelet al., SHorr Protocors IN MoLEcuLaR Biooey,eds.,

Current Protocols, Greene Publishing Associates, Inc. and
John Wiley & Sons, Inc. (2002); as well as U.S. Pat. No.
4,683,202; PCR Protocols, A Guide to Methods and Appli-
cations (Innis et al. eds.) Academic Press Inc. San Diego,
Calif. (1990); Arnheim & Levinson (Oct. 1, 1990), C&EN36;
The Journal Of NIH Research, 3:81 (1991); Kwohet al.,
Proc. Natl. Acad. Sci. USA, 86:1173 (1989); Guatelli et al.,
Proc. Natl. Acad. Sci. USA, 87:1874 (1990); Lomelletal., 7.
Clin. Chem., 35:1826 (1989); Landegrenet al., Science, 241:
1077 (1988); Van Brunt, Biotechnology, 8:291 (1990); Wu
and Wallace, Gene, 4:560 (1989); Barringer et al., Gene,
89:117 (1990); and Sooknanan and Malek, Biotechnology,
13:563 (1995). Improved methods of cloning in vitro ampli-
fied nucleic acids are described in U.S. Pat. No. 5,426,039.
Other methods described in the art are the nucleic acid

sequence based amplification (NASBA™, Cangene, Missis-
sauga, Ontario) and Qf-replicase systems. These systems can
be used to directly identify mutants where the PCR or LCR
primers are designed to be extendedorligated only when a
select sequenceis present. Alternatively, the select sequences
can be generally amplified using, for example, nonspecific
PCRprimers and the amplitied target region later probed for
a specific sequence indicative of a mutation. ‘he disclosures
of the above-described references are herein incorporated by
reference in their entirety for all purposes.

Nucleic acids for use as probes, ¢.g., in in vitro amplifica-
tion methods, for use as gene probes, or as inhibitor compo-
nents are typically synthesized chemically according to the
solid phase phosphoramidite triester method described by
Beaucageet al., Tetrahedron Letts., 22:1859 1862 (1981),

using an automated synthesizer, as described in
Needham VanDevanter et al., Nucleic Acids Res., 12:6159

(1984). Purification of polynucleotides, where necessary, is
typically performed by either native acrylamide gel electro-
phoresis or by anion exchange HPLCas described in Pearson
et al., J. Chrom., 255:137 149 (1983). The sequence ofthe
synthetic polynucleotides can be verified using the chemical
degradation method of Maxam and Gilbert (1980) in Gross-
man and Moldave (eds.) Academic Press, NewYork, Methods
in Enzymology, 65:499.

Analternative means for determining the level oftranscrip-
tion is in situ hybridization. In situ hybridization assays are
well-known and are generally described in Angereret al.,
Methods Enzymol., 152:649 (1987). In an in situ hybridiza-

>
e.g,

tion assay, cells are fixed to a solid support, typically a glass 5
slide. IFDNAis to be probed, the cells are denatured with heat
or alkali. The cells are then contacted with a hybridization
solution at a moderate temperature to permit annealing of
specific probes that are labeled. The probes are preferably
labeled with radioisotopes or fluorescent reporters.

VIII. Examples

The present invention will be described in greater detail by
way of specific examples. The following examples are
offered for illustrative purposes, and are not intendedto limit
the invention in any manner. Those of skill in the art will
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readily recognize a variety of noncritical parameters which
can be changed or modified to yield essentially the same
results.

Example 1

Materials and Methods

siRNA: All siRNA molecules used in these studies were

chemically synthesized by the University of Calgary (Cal-
gary, AB) or DharmaconInc. (Lafayette, Colo.). The siRNAs
were desalted and annealed using standard procedures.

Lipid Encapsulation of siRNA: In some embodiments,
siRNA molecules were encapsulated into nucleic acid-lipid
particles composedofthe following lipids: the lipid conjugate
PEG-cDMA (3-N-—[(-Methoxypoly(ethylene glycol)2000)
carbamoyl|-1,2-dimyristyloxypropylamine); the cationic
lipid DLinDMA (1,2-Dilinoleyloxy-3-(N,N-dimethyl)ami-
nopropane); the phospholipid DPPC (1,2-Dipalmitoyl-sn-
glycero-3-phosphocholine; Avanti Polar Lipids; Alabaster,
Ala.); and synthetic cholesterol (Sigma-Aldrich Corp.; St.
Louis, Mo.) in the molar ratio 1.4:57.1:7.1:34.3, respectively.
In other words, siRNAs were encapsulated into SNALPofthe
following “1:57” formulation: 1.4% PEG-cDMA; 57.1%
DLinDMA; 7.1% DPPC; and 34.3% cholesterol. In other
embodiments, siRNA molecules were encapsulated into
phospholipid-free SNALP composedofthe following lipids:
the lipid conjugate PEG-cDMA; the cationic lipid
DLinDMA;and synthetic cholesterol in the molarratio 1.5:
61.5:36.9, respectively. In other words, siRNAs were encap-
sulated into phospholipid-free SNALP of the following
“1:62” formulation: 1.5% PEG-cDMA; 61.5% DLinDMA;
and 36.9%cholesterol. For vehicle controls, empty particles
with identical lipid composition were formedin the absence
of siRNA.It should be understoodthat the 1:57 formulation

and 1:62 formulation are target formulations, and that the
amountoflipid (both cationic and non-cationic) present and
the amountoflipid conjugate present in the formulation may
vary. Typically, in the 1:57 formulation, the amountofcat-
ionic lipid will be 57 mol %+5 mol %, and the amountoflipid
conjugate will be 1.5 mol %+0.5 mol %, with the balance of
the 1:57 formulation being made up of non-cationic lipid
(e.g., phospholipid, cholesterol, or a mixture of the two).
Sunilarly, in the 1:62 formulation, the amount of cationic
lipid will be 62 mol %+5 mol %, and the amount of lipid
conjugate will be 1.5 mol %+0.5 mol %, with the balance of
the 1:62 formulation being made up of the non-cationic lipid
(e.g., cholesterol).

 

Example 2

Eg5 siRNA Formulated as 1:57 SNALP Are Potent
Inhibitors of Cell Growth In Vitro

SNALPformulations were prepared with an siRNAtarget-
ing Eg5 as the nucleic acid component. Eg3 is a member of
kinesin-related proteins that are involved in functionsrelated
to movements oforganelles, microtubules, or chromosomes
along microtubules. These functions include axonal trans-
port, microtubule sliding during nuclear fusion or division,
and chromosomedisjunction during meiosis and early mito-
sis. Eg5 plays a critical role in mitosis of mammalian cells.
The Eg5 siRNA usedin this study is provided in Table 1. The
modifications involved introducing 2'OMe-uridine at
selected positions in the sense and antisense strands ofthe
[g5 2263 siRNA sequence, in which the siRNA duplex con-
tained less than about 20% 2'OMe-modified nucleotides.
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TABLE 1 GI

siRNA duplex comprising sense and
antisense Eg5 RNA polynucleotides. 

   

SEQ ID % 2'OMe- % Modified in
Modification Eg5 2263 siRNA sequence NO: Modified DS Region

u/U 5! -CUGAAGACCUGAAGACAAUATAT-3' 1 6/42 = 14.3% 6/38 = 15.8%
3'-dTdTGACUUCUGGACUUCUGUUA-5! 2

Column 1: “U/U" = 2'OMe-uridine mcdified siRNA duplex;
'OMe-modified nucleotides are indicated in bold and underlined. The siRNA duplex can alternatively

onally comprise 2'-deoxy-2'-fluore (2'F) nucleotides, 2'-deoxy nucleotide 2'-O- (2-methoxyethyl)
(MOE) nucleotides, and/or locked nucleic acid (LNA) nucleotides. “dT” =deoxythymidi
Column 3: The number and percertage of 2 'OMe- modified nucleotides in the siRNA duplex are provided.  
Column 4: The number and percertage of modified nucleotides in the double-stranded (DS) region of the siRNA
duplex are provided.

15

The lipid components and physical characteristics of the cells that received phosphate buffered saline (PBS) vehicle
SNALP formulations are summarized in Table 2. Thelipid:
drugratio is describedin units ofmgtotal lipid per mg nucleic
acid. Meanparticle size and polydispersity were measured on FIG. 1 showsthat the 1:57 SNALP formulation containing
a Malvern Instruments Zetasizer. Encapsulation of nucleic 20 Eg5 2263 U/U siRNA was amongthe mostpotentinhibitors
acid was measured using a Ribogreen assay essentially as
described in Heyes et al., Journal of Conirolled Release, of tumorcell growth at all siRNA concentrations tested (see,
107:276-287 (2005). FIG. 1B, Sample 9).

only.

TABLE 2

Characteristics of the SNALP formulations usedin this study.

 
Formulation Composition, Mole %

Sample PEG(2000)-C-DMA | DLinDMA |} Lipid/Drug, Finished Product Characterization

No. DPPC | Cholesterol Ratio Size (nm) Polydispersity °%Encapsulation

1 2140/10/48 124 57 0.07 90
2 -8 | 36.41 18.2 | 43.6 14.0 72 0.12 89
3 4 | 27.01 6.8 | 64.9 16.5 70 0.12 92
4 31 25.31 12.7 | 60.8 18.1 76 0.07 93
5 3.91 39.219.8 147.1 13.5 53 0.27 86
6  3.6135.7117.9 142.9 13.1 58 0.18 87
7 2.7 | 26.71 6.7 | 64.0 17.6 56 0.17 92
8=2.5 | 25.01 12.5 | 60.0 19.2 61 0.13 2
9 4157.1 17.1 | 343 17.8 84 0.10 88

10 3 | 53.3 | 13.3 | 32.0 19.5 83 0.10 89
11 1142.6/5.3 151.1 22.0 80 0.10 93
12 0 | 40.41 10.1 | 48.5 23.6 78 0.11 88
13 2.8 | 56.3 | 7.0 | 33.8 19.0 62 0.14 80
142.6 1 52.6 | 13.2 1 31.6 20.6 66 0.14 82
1S 2.1.1 42.1 15.3 | 50.5 23.1 71 0.16 91
16 «2140/10/48 24.7 67 0.14 92

50

Silencing of EgS5 by siRNAtransfection causes mitotic Example 3

arrest and apoptosis in mammalian cells. Cell viability fol- ApoB siRNA Formulated as 1:57 SNALPhave
lowing transfection with SNALP containing an siRNA tar- Potent Silencing Activity In Vivo
geting Eg5 therefore provides a simple biological readout cf nn

5 SNALPformulations were prepared with an siRNA target-
ing apolipoprotein B (ApoB)as the nucleic acid component.

cultures was assessed using the commercial reagent Cellli- ApoBis the main apolipoprotein of chylomicrons and low
density lipoproteins (LDL). Mutations in ApoB are associ-
ated with hypercholesterolemia.ApoB occurs in the plasma
in 2 main forms, ApoB48 and ApoB100, which are synthe-

product resorufin. The human colon cancer cell line HT29 sized in the intestine andliver, respectively, due to an organ-
was cultured using standard tissue culture techniques. 72 specific stop codon. The ApoB siRNA used in this study is

provided in Table 3. The modifications involved introducing
2'OMe-uridine or 2'OMe-guanosine at selected positions in

a . 65 the sense and antisense strands oftheApoB siRNA sequence,
cells, which is a measureofcell viability. Data are presented in which the siRNA duplex contained less than about 20%
as a percent of cell viability relative to (“untreated”) control 2'OMe-modified nucleotides.

in vitro transfection efficiency. Cell viability of in vitro cell

ter-Blue® (Promega Corp.; Madison, Wis.), a resazurin dye

that is reduced by metabolicallyactive cells to the fluorogenic ¢

hours after SNALPapplication, CellTiter-Blue® reagent was

addedto the culture to quantify the metabolic activity of the
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TABLI Gy 3
72

siRNA duplex comprising sense and antisense ApoB RNA polynucleotides.

Position Modification ApoB siRNA sequence

10048 u2/2 G1/2 5! -AGUGUCAUCACACUGAAUACC-3!
3! -GUUCACAGUAGUGUGACUUAU-5'

SEQ ID % 2'OMe- % Modified in
NO: Modified DS Region

3 7/42 = 16.7% 7/38 = 19.4%
4
 
col
ApoB ryColumn 2:  XM_157955.
  Column 3: 2'OMe-mod

or additionelly comprise 2'-deoxy-2!'-fluoro (2
(MO nucleotides, and/or locked nucleic acid (
Column 4: The r ber and percentage of 2 'OMe-modi       icleotides.

rucleotides in the siRNA duplex are provided.

i: The number refers to the nucleotide position of the 5'base of the sense strand relative to the mcuse
rs refer to the distribution of 2'OMe chemical modifications in each strand.

led nucleotides are indicated in bold and underlined. The siRNA duplex can alternatively
2!-deoxy-nucleotides, 2 '-O- (2-methoxyethyl)

Column 5: The number and percentage of modified rucleotides in the double-stranded (DS) region of the siRNA duplex
are provided.

The lipid components and physical characteristics of the
formulations are summarized in Table 4. The lipid:dnigratio
is described in units of mg total lipid per mg nucleic acid.
Meanparticle size and polydispersity were measured on a
Malvern Instruments Zetasizer. Encapsulation ofnucleic acid
was measured using a Ribogreen assay essentially as
described in Heyes et al., Journal of Controlled Release,
107:276-287 (2005).

TABLE4

20

(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nomics; Fremont, Calif.) essentially as described in Judge et

al., Molecular Therapy, 13:494 (2006).

FIG, 2 showsthat the 1:57 SNALP formulation containing

ApoB 10048 U2/2 G1/2 siRNA wasthe most potent at reduc-

ing ApoB expression in vivo (see, Group 11).

Characteristics of the SNALP formulations used in this study.

          

Formulation Composition Lipid/Drug

Group Lipid Name & Mole % Ratio

2 PEG(2000)-C-DMA|DLinDMA | DPPC| Cholesterol 24
2140110148

3 PEG(2000)-C-DMA|DLinDMA | Cholesterol 0.7
2.2 | 44.4 53.3

4—PEG(2000}-C-DMA| DLinDMA | DOPC| Cholesterol 2.5
2140110148

5 PEG(2000)-C-DMA|DLinDMA | DMPC! Cholesterol 2.2
2140110148

6 PEG(2000)-C-DMA| DLinDMA | DPPE | Cholesterol 3.8
8|36.41 18.2 | 43.6

7 PEG(2000)-C-DMA| DLinDMA | DPPC| Cholestanol 24
2140110148

8 PEG(2000)-C-DMA| DLinDMA | DPPC| Cholesterol 65
A|27.01 6.8 | 64.9

9 PEG(2000)-C-DMA|DLinDMA | DPPC| Cholesterol 8.1
3|25.3 112.7 | 60.8

10 PEG(2000)-C-DMA|DLinDMA | DPPC| Cholesterol 9.2
2.5|25.01 12.5 | 60.0

11 PEG(2000)-C-DMA|DLinDMA | DPPC| Cholestero! 784157.11 7.4 1 34.3
12. PEG(2000)-C-DMA|DLinDMA | DPPC| Cholesterol 23.6

0|40.41 10.1 | 48.5
13 PEG(2000)}-C-DMA|DLinDMA | DPPC 8.7

2176128
14. PEG(2000)}-C-DMA|DLinDMA | DPPC 11.3

6|54.71 43.8

   
BALB/c mice (female, at least 4 weeks old) were obtained

from Harlan Labs. After an acclimation period (of at least 7
days), animals were administered SNALP by intravenous
(IV) injection inthe lateral tail vein once daily on Study Day
0 (1 dose total per animal). Dosage was 1 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 yl). As a negative control, one
group of animals was given an IV injection of phosphate
buffered saline (PBS) vehicle. On Study Day 2, animals were

nn

euthanized andliver tissue was collected in RNAlater. 65

Liver tissues were analyzed for ApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase

Finished Product Characterization

Size (nm}  Polydispersity % Encapsulation

59 0.15 93

55 OAT a1

59 0.16 92

36 0.11 92

66 0.16 93

56 0.12 92

60 0.10 93

74 0.13 92

60 0.13 93

79 0.09 94

72 0.11 93

73 0.09 87

65 0.11 87

 
Example 4

ApoB siRNA Formulated as 1:57 SNALP have
Potent Silencing Activity In Vivo

SNALPformulations were prepared with the ApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics of the formulations are summarized in Table 5.

The lipid:drug ratio is described in units of mg total lipid
per mg nucleic acid. Meanparticle size and polydispersity
were measured on a Malvern Instruments Zetasizer. [incap-
sulation of nucleic acid was measured using a Ribogreen
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assay essentially as described in Heyes et al., Journal of
Controlled Release, 107:276-287 (2005).

TABLE5

Characteristics of the SNALP formulations used in this study.  

SNALP Particle Size %
(L:D ratio) siRNA Payload (Polydispersity) Encapsulation

2:30 (13) ApoB-10048 U2/2G1/2 65 nm (0.16) 88
1:57 (9) ApoB-10048 U2/2 Gi/2) 74 nm (0.10) 89

The 2:30 SNALP formulation used in this study is lipid
composition 2:30:20:48 as described in molar percentages of
PEG-C-DMA, DLinDMA, DSPC, and cholesterol (in that

74

Example 5

ApoB siRNA Formulated as 1:57 or 1:62 SNALP
have Potent Silencing Activity In Vivo

SNALPformulations were prepared with theApoB siRNA

set forth in Table 3. The lipid components and physical char-
acteristics of the formulations are summarized in Table 6. The

lipid:drug ratio is described in units of mg total lipid per mg

nucleic acid. Meanparticle size and polydispersity were mea-

sured on a Malvern Instruments Zetasizer. Encapsulation of

nucleic acid was measured using a Ribogreen assay essen-

tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).

TABLE6

Characteristics of the SNALP formulations used in this study.

 
Formulation Composition Lipid/Drug Finished Product Characterization

Group Lipid Name & Mole % Ratio Size(mm) Polydispersity % Encapsulation

2 PEG(2000)-C-DMA | DLinDMA | DPPC | Cholesterol 8.9 76 0.06 89
4157.1 17.1 | 34.3

3 PEG(2000)-C-DMA| DLinDMA| Choiesterol 8.1 76 0.04 86
51 61.5 136.9

4 PEG(2000)-C-DMA | DODMA| DPPC | Cholesterol 9.0 72 0.05 95
4157.1 17.1 134.3

5 PEG(5000)-C-DMA | DLinDMA | DPPC| Cholesterol 9.6 52 0.16 89
4157.1 17.1 134.3

6 PEG(2000)-C-DMA | DLinDMA | DPPC| Cholestanol 8.9 68 0.10 94
4157.1 17.1 134.3

7 PEG(2000)-C-DMA | DLinDMA | DPPE | Cholesterol 8.9 72 0.07 95
4157.1 57.1 1343

8 PEG(2000)-C-DMA | DLinDMA | DPPC 8.6 74 0.13 86
81 70.2 | 28.1

 
order). This formulation was prepared by syringe press at an
inputlipid to drug (L:D) ratio (mg:mg) of 13:1.

The 1:57 SNALP formulation used in this study is lipid
composition 1.5:57.1:7:34.3 as described in molar percent-
ages ofPEG-C-DMA, DLinDMA,DPPC,and cholesterol (in
that order). This formulation was preparedby syringepressat
an input lipid to drug (L:D)ratio (mg:mg)of9:1.

BALB/c mice (female, 4 weeks old) were obtained from
Harlan Labs. After an acclimation period (of at least 7 days),
animals were administered SNALP by intravenous (IV)
injection in the lateral tail vein once daily on Study Days 0,1,
2,3 & 4 for a total of 5 doses per animal. Daily dosage was
either 1.0 (for 2:30 SNALP) or 0.1 (for 1:57 SNALP) mg
encapsulated siRNA per kg bodyweight, corresponding to 10
ml/kg (rounded to the nearest 10 pl). As a negative control,
one group of animals was given IV injections of phosphate
buffered saline (PBS) vehicle. On Study Day 7, 72 h after the
last treatment, animals were euthanized andliver tissue was
collected in RNAlater.

Liver tissues were analyzed for ApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nomics; I'remont, Calif.) essentially as described in Judgeet
al., Molecular Therapy, 13:494 (2006).

FIG. 3 showsthat the 1:57 SNALP containing ApoB 10048
U2/2 G1/2 siRNA was more than 10 timesas efficacious as

the 2:30 SNALP in mediating ApoB genesilencing in mouse
liver at a 10-fold lower dose.

45
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BALB/c mice (female, at least 4 weeks old) were obtained
from Harlan Labs. After an acclimation period (ofat least 7
days), animals were administered SNALP byintravenous
(TV) injection in thelateral tail vein once daily on Study Day
0 (1 dose total per animal). Dosage was 0.75 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 wl). As a negative control, one
group of animals was given an IV injection of phosphate
buffered saline (PBS) vehicle. On Study Day2, animals were
euthanized andliver tissue was collected in RNAlater.

Liver tissues were analyzed forApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nomics; Fremont, Calif.) essentially as described in Judge et
al.,Molecular Therapy, 13:494 (2006).

FIG. 4 showsthat the 1:57 and 1:62 SNALP formulations

had comparable ApoBsilencing activity in vivo (see, e.g.,
Groups 2 & 3).

Example 6

ApoBsiRNA Formulated as 1:62 SNALP have
Potent Silencing Activity In Vivo

SNALPformulations were prepared with the ApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics ofthe formulations are summarized in Table 7. The

lipid:drug ratio is described in units of mg total lipid per mg
nucleic acid. Meanparticle size and polydispersity were mea-
sured on a Malvern Instruments Zetasizer. Encapsulation of
nucleic acid was measured using a Ribogreen assay essen-
tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).
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TABLE7

Characteristics of the SNALP formulations used in this study.

  
Formulation Composition, Mole %
PEG(2000)-C-DMA| DLinDMA} Lipid/Drug Finished Product Characterization

Group Cholesterol! Ratio Size (nm) Polydispersity % Encapsulation

2 5 | 61.5 | 36.9 6.1 80 0.07 92
3 4 | 54.81 43.8 6.6 74 0.05 89
4  2.0| 61.2 | 36.7 6.2 71 0.11 91
5 +8 | 54.5 | 43.6 67 7 0,09 o1
6 3 | 68.1 | 30.6 7A 91 0.06 89
7 2 | 61.81 37.1 8.0 87 0.10 90
8 .7 | 67.8 | 30.5 7.6 81 0.07 91
9 4156.3 | 42.3 8.6 75 0.11 92

10 9 | 61.3 | 36.8 8.2 72 0.10 91
ll 8 156.11 42.1 8.8 70 0.10 90
12 3 | 66.7 | 32.0 9.5 89 0.09 89
13 2 | 61.7 | 37.0 10.0 87 0.10 91
14 -7 | 66.41 31.9 9.6 82 0.11 90
15 5 | 61.5 | 36.9 10.1 79 0.10 91

BALB/c mice (female, at least 4 weeks old) were obtained -continued
from Harlan Labs. After an acclimation period (of at least 7
days), animals were administered SNALP by intravenous
(IV) injection in the lateral tail vein once daily on Study Day 25 IV Injection
0 (1 dosetotal per animal). Dosage was 0.1 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg siRNA Lipid
(rounded to the nearest 10 ul). As a negative control, one Group Formulation mg/ke mp/kg
group of animals was given an IV injection of phosphate

buffered saline (PBS) vehicle. On Study Day 2, animals were 30 31157 PBS Direct Dil, Syringe P 7 96
euthanized andlivertissue was collected in RNAlater. ° es OYENSS

Liver tissues were analyzed for ApoB mRNAlevels nor- 4 1157 PBSDirect Dil, Gear Pump 7 79
malized against glyceraldehyde-3-phosphate dehydrogenase 5 1157 Citrate Direct Dil, Syringe 9 99
(GAPDH) mRNAlevels using the QuantiGene assay (Pa- Press

nomics; Fremont, Calif.) essentially as described in Judge et 35 6 1157 PBS Direct Dil, Syringe Press 9 123
al., Molecular Therapy, 13:494 (2006). 7 1187 PBS Direct Dil, Gear Pumy 9 102FIG.5 showsthat the 1:62 SNALP formulation was one of , a P

the most potent inhibitors ofApoB expressionat two different
lipid:drug ratios (i.e., 6.1 & 10.1) among the phospholipid-
free SNAT_.P formulations tested (see, Groups 2 & 15). 4o Efficacy:

Example 7

In Vivo Silencing of ApoB Expression Using 1:57aInjection
SNALPPrepared Via a Syringe Press or Gear Pump 45 siRNA Lipid

Process Group Formulation mg/kg mg/kg

This study illustrates a comparison ofthe tolerability and 8 PBSvehicle Standard 10 mL/kg volume
efficacy ofthe 1:57 SNALPformulation withApoB-targeting 9 1157 PBS Direct Dil, Syringe Press 0.05 0.68
siRNA as prepared by various manufacturing processes. In 101157 PBS Direct Dil, Gear Pump 9.05 0.57
particular, 1:57 SNALP was prepared by a syringe press or 50111157 PBS Direct Dil, Syringe Press 0.1 1.3612 1157 PBS Direct Dil, Gear Pump 0.1 1.13
gear pump process using either PBSorcitrate buffer (post-
blend dilution) and administered intravenouslyin mice.
Experimental Design

Animal Model: Female BALB/c mice, 5 wks old, n=4 per Formulation:
group/cage. 55 Formulations are provided at 0.005 to 0.9 mg siRNA/mL,

siRNA payload: ApoB10048 U2/2 G1/2 siRNA. 0.22 \umfilter sterilized in crimp topvials.
Tolerability: Formulation Details:

1. Lipid composition “1157 Citrate blend” used in this
study is 1.4:57.1:7.1:34.3 as described in molar percent-

—___Winection ages of PEG-C-DMA, DLinDMA, DPPC,andcholes-
7 terol (in that order). This formulation has an inputlipid

. . / siRNA Lipid to drug ratio of 8.9.Group Formulation mg/kg mg/kg
2. Gear pumpset up included 0.8 mm T-connector and 400

1 PBSvehicle Standard 10 mL/kg volume mL/min speed2 1157 Citrate Direct Dil, Syringe 7 71 65 .
Press 3. siRNA used in this study is apo]3-10048 U2/2 G1/2

siRNA.
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Formulation Summary:

Particle Size

1:57 (9:1) + Zavg, % Tinal L:D
DOW siRNA (am) Poly Encap  (mg:mg)

322-050807-1 Syringe PBS Blend 7 0.12 92 13.6
322-050807-2=Syringe Citrate 86 «0.11 91 11.0

Blend
322-050807-3 Gear PBS Blend 80, Q.09 93 11.3

Procedures

Treatment: Just prior to the first treatment, animals are
weighed and dose amountsare calculated based on the weight
ofindividual animals (equivalent to 10 mL/kg, roundedto the
nearest 10 yl). Test article is administered by IV injection
throughthe tail vein once on Day 0 (1 dose total per animal).
Body weight is measured daily(every 24 h) for the duration of
the study. Cage-side observations are taken daily in concert
with body weight measurements and additionally as war-
ranted.

Group 1-7 Endpoint: Animals are sacrificed on Day1, 24h
after test article administration. Bloodis collected bycardiae
puncture upon sacrifice. Whole amount is collected into a
SST microtainer for serum. Clot for 30 (to 60) min at room
temp., centrifuge for 5 min at 16,000xg & 16° C., invert to
confirm centrifugation is complete, and store at 4° C. Analyze
complete small-animal clinical chemistry panel plus ASTand
SDH.Top priority list:ALT, AST, SDH, Bilirubin, Alkaline
Phosphatase, GGT, BUN, CPK, Glucose. Secondary priority
list: Creatinine,Albumin, Globulin, Total Protein.

Group 8-12 Endpoint: Animals are sacrificed on Day 2, 48
h after test article administration. Blood is collected by car-
diac puncture and processed for plasma. Immediatelycentri-
fuge for 5 min at 16,000xg (at 16° C.). Record any observa-
tions of unusual plasma appearance. Pipette off clear plasma
supernatant into a clean microfuge tube andstore at -80° C.
The following tissues are removed and weighedseparately:
liver and spleen. The bottom (unattached)halfofthe left liver
lobe is detached and submerged in =5 volumes of RNAlater
(<0.3 g in 1.5 mL RNAlIater in 2.0 mLtube),stored at least 16
hours at 4° C. prior to analysis and long term storage at -20°
C. or -80° C. for archival purposes. Formulations are
expected to be well tolerated. Mice which exhibit signs of
distress associated with the treatment are terminated at the
discretion of the vivarium statf.

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylazine; then cardiac puncture is performed fol-
lowed bycervical dislocation.

Data Analysis: Tolerability of treatment regime is moni-
tored by animal appearance and behavior as well as body
weight. Blood clinical chemistry is measured by automated
analyzer. ApoB and GAPDH mRNAlevels in liver are mea-
sured via QG assay. ApoBprotein in plasma is measured via
ELISA.Total cholesterol in plasma is measured via standard
enzymatic/colorimetric assay.
Results

There was no bodyweightloss or change in animal appear-
ance/behavior upon administration of the 1:57 SNALP for-
mulations. FIG. 6 showsthat the tolerability of SNALP pre-
pared bycitrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters. There was a tolerability difference between
syringe citrate and syringe PBSat constant siRNA dosage,

10

te wn

45

60

65

78

butthat was likely an artifact dependenton the different final
lipid:drug (L:D)ratios of these two preparations.

l'IG. 7 showsthat the efficacy of the 1:57 SNALPprepared
by gear pump was similar to the same SNALPprepared by
syringe press. The tolerability profile was improved with the
gear pump process, which could be attributed to increased
initial encapsulation rate and decreased final L:D ratio.

Example 8

In Vivo Silencing ofApoB Expression Using 1:57
SNALPPrepared Via a Direct Dilution or in-Line

Dilution Process

This studyillustrates a comparisonofthe tolerability and
efficacy ofthe 1:57 SNALP formulation withApoB-targeting
siRNA as prepared by a direct dilution or in-line dilution
process at an inputlipid to drug ratio of 6:1 or 9:1.
Experimental Design

Animal Model: Female BALB/c mice, 7 wksold.
siRNA payload: ApoB10048 U2/2 G1/2 siRNA.

CBC/Diff

 

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

1 3. PBS _— _—
2 3. LI57 SNALP (9:1) 7 mg/kg 71 ng/kg
3 3. 157 SNALP (9:1) 11 mg/kg 112 mg/kg

Clinical Chemistry:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

4 4 PBS —_— —_—
5 4 1157 SNALP (9:1) 9 mg/kg 92 mg/kg
6 4 1157 SNALP (9:1) 11 mg/kg 112 mg/kg
7 4 (6:1) New 1157 SNALP 11 mg/kg 78 mg/kg
8 4 (6:1) New 1157 SNALP 13 mg/kg 93 mg/kg
9 4 (6:1) New 1157 SNAT.P 15 mg/kg 107 mekg

10 4 (6:1) New 1157 SNALP 17 mg/kg 121 mg/kg
ll 4 1157 SNALP (9:1) 11 mg/kg 112 mg/kg

Activity:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

2 4 PBS _— _—
13 4 11837 SNALP (9:1) 0.05mg/kg 0.51 mg/kg
14 4. 1157 SNALP (9:1) 0.1 mg/kg 1.02 mg/kg
15 4 1157 SNALP (9:1) 0.2 mg/kg 2.04 mg/kg
16 4 (6:1) New 1157 SNALP 0.05 mg/kg 0.36 ng/kg
17 4 (6:1) New1157 SNALP 0.1 mg/kg 0.71 mg/kg
18 4 (6:1) New 1157 SNALP 0.2 mg/kg 1.42 mg/kg
19 4 (6:1) New 1157 SNALP 0.4 ng/kg 2.85 mg/kg

Formulation:

Formulations are provided at 0.005 to 1.7 mg siRNA/mL,
0.22 wm filter sterilized in crimp top vials.

Formulation Details:

1. “1/57 SNALP”used in this study is lipid composition
1.4:57.1:7.1:34.3 as described in molar percentages of
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PEG-C-DMA, DLinDMA, DPPC, and cholesterol (in
that order). This formulation was prepared by gear pump
at an inputlipid to drug ratio of9:1 (28 mMlipids) or 6:1
(14 mMlipids).

2. siRNA used in this study is apoB-10048 U2/2 G1/2
siRNA.

Formulation Summary:

Particle Size

1157 SNALP Zavg % Final L:D
Gear PBS In-Line (mm) Poly Encap (mg:mg)

322-051407-1 Input 9:1 78 0.07 93 10.2
322-051407-2 Input 6:1 810.05 92 71

Procedures

Treatment: Just prior to the first treatment, animals are
weighed and dose amounts are calculated based on the weight
ofindividual animals (equivalent to 10 mL/kg, roundedto the
nearest 10 yl). Test article is administered by IV injection
throughthe tail vein once on Day 0 (1 dosetotal per animal).
Body weight is measured daily (every 24 h) for the duration of
the study. Cage-side observations are taken daily in concert
with body weight measurements and additionally as war-
ranted.

Endpoint: Animals are sacrificed on Day 1, 24halter test
article administration (Grps 1-10) or on Day2, 48h after test
article administration (Grps 11-19).

Groups 1-3: Blood is collected by cardiac puncture upon
sacrifice. Whole amountis collected into an EDTA miero-

tainer, mixed immediately to prevent coagulation, and sent
for analysis of CBC/Diffprofile. Perform brief necropsy.

Groups 4-11: Blood is collected by cardiac puncture into a
SST microtainer for serum. Clot for 30 (to 60) min at room
temp., centrifuge for 5 min at 16,000xg & 16° C., invert to
confirm centrifugation is complete, and store at4° C. Analyze
complete small-animalclinical chemistry panel plus ASTand
SDH.Top prioritylist:ALT, AST, SDH,Bilirubin, Alkaline
Phosphatase, GGT, BUN, CPK, Glucose. Secondary priority
list: Creatinine, Albumin, Globulin, Total Protein. Perform
brief necropsy.

Groups 12-19: Blood is collected by cardiac puncture and
processed for plasma: immediately centrifuge for 5 min at
16,000xg (at 16° C.). Record any observations of unusual
plasma appearance. Pipette off clear plasma supernatantinto
a clean microfuge tube and store at -80° C. The following
tissues are removed:liver. The liver is not weighed; the bot-
tom (unattached) halfof the left liver lobe is detached and
submerged in =5 volumes of RNAlater (<0.3 g in 1.5 mL
RNAlater in 2.0 mLtube), stored at least 16 hours at 4° C.
prior to analysis and long term storage at -80° C. Formula-
tions are expected to be well tolerated. Mice which exhibit
signs of distress associated with the treatment are terminated 5
at the discretion ofthe vivarium staff.

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylazine; then cardiac puncture is performed fol-
lowed bycervical dislocation.

Data Analysis: Tolerability of treatment regime is moni-
tored by animal appearance and behavior, and body weight.
Blood clinical chemistry and CBC/Diffprofile is measured
by automatedanalyzer. LiverApoB mRNA1s measured using
the QuantiGene Assay.

Plasma ApoB-100 is measured using ELISA. Plasmatotal
cholesterol is measured using a standard enzymatic assay.
Results
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Tolerability:
FIG. 8 shows that there was verylittle effect on body

weight 24 hours after 1:57 SNALP administration. The maxi-
mum weight loss of 3.6£0.7% was observed at the highest
drug dose of 17 mg/kg. There was also no obvious change in
animal appearance/behaviorat any of the dosagestested.

FIG. 9 showsthat there were no obvious changesinplatelet
count. Reduction of platelets can cause the meanplatelet
volume to increase as the body produces newplatelets in
compensation for the treatment-related decrease. Under the
conditions ofthis study, the mean platelet volume did not
change in SNALP-treated groups.

FIG. 10 shows that clinically significant liver enzyme
elevations (3xULN) occurred at drug dosages of 11 mg/kg for
1:57 SNALPatalipid:drug (L:D)ratio of 10, and at 13 mg/kg
ata L:D of 7. A slight dose response trend upwardsin plasma
total protein and globulin was also observed.
Efficacy:

FIG. 11 showsthat based on the liver mRNA QuantiGene
analysis, the potency ofthe lower L:DD SNALP wasas good as
that of the higher L:D SNALPatthe tested drug dosages. In
fact, the ApoB silencing activity was identical at the 0.05 and
0.1 mg/kg dosages. As such, the potency of the 1:57 SNALP
at a 6:1 input L:D ratio (final ratio of 7:1) was similar to the
potency ofthe 1:57 SNALP at a 9:1 input L:Dratio(finalratio
of 10:1) at reducing ApoBexpression.

FIG. 12 shows that ApoBprotein and total cholesterol
levels were reduced to a similar extent by the 1:57 SNALP at
a 6:1 input L:D ratio (final ratio of 7:1) and the 1:57 SNALP
ata 9:1 input L:D ratio (final ratio of 10:1).
Therapeutic Index:

This study demonstrates that both the 1:57 SNALPata 6:1
input L:Dratio (final ratio of 7:1) and the 1:57 SNALPat a9:1
input L:Dratio (final ratio of 10:1) caused about 60%ApoB
liver mRNA silencing with a drug dose of 0.1 mg/kg. Inter-
polating from the available data points in FIG. 10, a 10:1 final
L:D ratio at 10 mg/kg may cause a similar degree of enzyme
elevation as a 7:1 final L:D ratio at 13 mg/kg. Using these
activity and toxicity points, the therapeutic index for the 1:57
SNALPat a 10:1 final L:D ratio is (10 mg/kg)/(0.1 mg/kg)=
100 and the therapeutic index for the 1:57 SNALPat a 7:1
final L:D ratio is (13 mg/kg)/(0.1 mg/kg)==130. Using this
dataset, the therapeutic index for the 1:57 SNALPat a 7:1
final L:D ratio is 30% greater than the therapeutic index for
the 1:57 SNALPat a 10:1 final L:D ratio.

Example 9

In Vivo Silencing of PLK-1 Expression Using 1:57
SNALPIncreases Survival of Hep3B Tumor-Bearing

Mice

SNALP containing polo-like kinase 1 (PLK-1) siRNA
(1:57 SNALP formulation: 1.4% PEG-cDMA; 57.1%
DLinDMA;7.1% DPPC;and 34.3% cholesterol) were tested
for their effects on the survival of CD1 nu/nu mice bearing
Hep3B liver tumors. PLK-1 is a serine/threonine kinase con-
taining two functional domains: (1) a kinase domain; and (2)
a polo-box domain(see, e.g., Barr et al., Nat. Rev. Mol. Cell.
Biol., 5:429-440 (2004)). The activity and cellular concentra-
tion of PLK-1 are crucial for the precise regulation of cell
division. PLK-1 is overexpressed in many cancer types
including hepatomaand colon cancer, and PLK-1 expression
often correlates with poor patient prognosis. Overexpression
ofPLK-1 (wild-typeorkinase inactive) results in multinucle-
ation (genetic instability). [lyperactive PLK-1 overrides the
DNA damage checkpoint. Constitutive PLK-1 expression

JA0067
GENV-00000067



JA0068

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 69 of 695 PageID #: 6860Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 69 of 695 PagelD #: 6860

US 8,058,069 B2
$1

causes transformation of NIH 3T3 cells. PLK-1 phosphory-
lates the p53 tumor suppressor, thereby inhibiting the pro-
apoptouc effects ofp53. The PLK-1 siRNA used inthis study
are provided in Table 8. The inodifications involved introduc-
ing 2'OMe-uridine or 2'0Me-guanosine at selected positions
in the sense and antisense strands of the PILK-1 siRNA

sequence, in which the siRNA duplex contained less than
about 20% 2'OMe-modified nucleotides.

TABLI GI 8

82

applied to the puncture wound immediately after needle
withdrawal. After any bleeding has stopped (~1 min), the
incisionis closed with 5-6 sutures in the muscle wall and

3-4 skin clips. Cell suspensions will be thoroughly mixed
5 immediately prior to each injection. Mice will recover

fromanesthesia in a clean cage lined with paper towel and
monitoredclosely for 2-4 hours. Animals are then retumed
to normal housing.

siRNA duplexes comprising sense and
antisense PLK-1 RNA polynucleotides.

SEQ ID
siRNA PLK-1 siRNA Sequence NO:

PLK1424 U4/GU_5' -AGAUCACCCUCCUUAAAUANN-3' 5
3' -NNUCUAGUGGGAGGAAUUUAU-5! 6

PLK1424 U4/G 5! -AGAUCACCCUCCUUAAAUANN - 3! 5
3' -NNUCUAGUGGGAGGAAUUUAU-5! 7

Column 1: The number after “
8 e strand rel eto th of the human PLK

Indicated in bold (dT) nucleotiae, u
oer ribonucleotide having complementarity to the target sequence

 compleme ry strColumn 3: The num
region of the sik

d thereof (senge strand).r 5
WA duplex are provided.
 
 
 

Experimental Groups
20 CD1 nu/nu mice were seeded as follows:

 

% Modified ine

DS Region

6/38 = 15.8%

7/38 = 18.4%

fF the 5'hase of the

ribonucleotide,
ntisense strand) cr the

percentage of modified nucleotides in the double-stranded (DS)

# Tumor # SNALP SNALP
Group Mice seeding SNALP Mice dosing IV dose Sacrifice Assay

A 20to LH. _ Luc i:57 9 Days 11, 14, 10x2 When Survival
B seed 1.5x10° PLK 1424 1:57 9 17,21,25,28, mg/kg moribund Body Weights

Hep3B 32, 35, 39, 42

Test Articles 40 Day 1 All mice will be lightly anesthetized by isoflourane gas
All samples werefilter-sterilized prior to dilution to work- and the sutures examined. Animals will then receive

ing concentration. All tubes were labeled with the formula- Anafen by SCinjection (100 rg in 20 ul saline).
tion date, lipid composition, and nucleic acid concentration. Day 10 Mice will be randomized into the appropriate treat-
SNALP samples were provided at 0.2 mg/ml nucleic acid. A ment groups.
minimum of20 ml of each SNALP wasrequired to perform 4° Day 11 Groups A, B—Day 11: All Animals will be adminis-
the study. Formulationsforthis study contained: tered SNALPat 2 mg/kg by IV injection via the lateraltail

vein. Mice will be dosed according to body weight (10
ml/kg). Dosing will be repeated for 5 consecutive days

Group Test Article Description 50 based oninitial weight,
: Day 14-35 Groups A, B—Days14, 17, 21, 25, 28, 32,35: All

A Lue U/U SNALP 1:57 (28 mMlipid) Animals will be re-administered SNALPat 2 mg/kg by IV
B PLEI424 U4/GU SNALP 137 (28 mMlipid) injection via the lateral tail vein. Mice will be dosedPLK1424 U4/G SNALP 1:57 (28 mM lipid} . :

according to body weight (10 ml/kg).
35 Body weights Groups: Mice will be weighed onthe day of

Procedures dosing for 5 weeks, then twice weekly until close of the
Day0 Mice will receive Anafen by SC injection (100 ug in 20 study.

ul saline) immediately prior to surgery. Individual mice are Endpoint: Tumor burden and formulations are expected to
anesthetized by isoflourane gas inhalation and eye lube be well tolerated. Mice that exhibit signs of distress
applied to prevent excessive eye drying. While maintained ¢, associated with the treatmentor tumor burdenare termi-
under gas anesthesia from a nose cone, a single 1.5 cm nated atthe discretionof the vivariunstaff.
incision across the midline will be made below the ster- Termination: Mice are anesthetized with a lethal dose of

nun. ‘lhe left lateral hepatic lobe is then exteriorized using ketamine/xylazine followed by cervical dislocation.
an autoclaved cotton wool bud. 25 yl of tumorcells sus- Data Analysis: Survival and body weights are assayed.
pended in PBSis injected into the lobe at a shallow angle 65 Results
using a leur tip [Jamilton syringe (50 pl) and 30 G (4")
needle. Cells will be injected slowly (~30 s) and a swab

l'lG. 13 shows the mean body weights of mice during
therapeutic dosing of PLK1424 SNALPin the Hep3Bintra-
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hepatic (I.H.) tumor model. The treatment regimen was well
tolerated with no apparent signs oftreatment-related toxicity.

FIG. 14 shows that eatment with 1:57 SNALP-formu-

lated PLK1424 caused a significant increase in the survival of
Hep3B tumor-bearing mice. This in vivo anti-tumor effect
was observed in the absence of any apparent toxicity or
immunestimulation.

Example 10

In Vive Silencing of PLK-1 Expression Using 1:57
SNALPInduces Tumor Cell Apoptosis in Hep3B

Tumor-Bearing Mice

The objectives of this study were as follows:
1. To determine the level ofmRNAsilencing inestablished

Hep3Bliver tumors followingasingle IV administration
of PLK1424 SNALP.

2. To confirm the mechanism of mRNA silencing by
detecting specific RNA cleavage products using RACE-
PCR.

3. To confirm induction of tumor cell apoptosis by histo-
pathology.

The 1:57 SNALP formulation (1.4% PEG-cDMA; 57.1%
DLinDMA; 7.1% DPPC; and 34.3% cholesterol) was used 2
for this study.
Experimental Groups

20 SCID/beige mice were seeded as follows:

# Tumor # SNALP
Group Mice seeding SNALP Mice dosing IV Sacrifice

A 20to LH. PBS 6 1lx2mg/kg 24 hatter
B seed 1% 106 Luc 1:57 7 Day 20 treatment
Cc Hep3B PLK 1424 1:57 7

Test Articles

All samples were filter-sterilized prior to dilution to work-
ing concentration. All tubes were labeled with the formula-
tion date, lipid composition, and nucleic acid concentration.
SNALP samples were provided at 0.2 mg/ml nucleic acid. A
minimum of 2 ml of SNALP was required to perform the
study. Formulations for this study contained:

Group Test Article Description

A PBS
B Luc U/U 1:57 SNALP
c PLK1424 U4/GU 1:57 SNALP

Procedures

Day 0 Mice will receive Anafen by SC injection (100 pg in 20
ul saline) immediatelyprior to surgery. Individual mice are
anesthetized by isoflourane gas inhalation and eye lube
applied to prevent excessive eye drying. While maintained
under gas anesthesia from a nose cone, a single 1.5 cm
incision across the midline will be made belowthe ster-

num. Theleft lateral hepatic lobeis then exteriorized using
an autoclaved cotton wool bud. 25 ul of tumorcells sus-
pended in PBSis injected into the lobe at a shallow angle
using a leur tip Hamilton syringe (50 tl) and 30 G (*4")
needle. Cells will be injected slowly (~30 s) and a swab
applied to the puncture wound immediately after needle
withdrawal. After any bleeding has stopped (~1 min), the

84
muscle wall incision is closed with 5-6 sutures. The skin

incision is then closed with 3-4 metal skin clips. Cell sus-
pensions will be thoroughly mixed immediately prior to
each injection. Mice will recover from anesthesia ina clean

5 cage lined with paper towel and monitored closelyfor 2-4
hours. Animals are then returned to normal housing.

Day 1 All mice will be lightly anesthetized by isoflourane gas
and the sutures examined. Animals will then receive

Anafen by SCinjection (100 pg in 20 ul saline).
Day7 Micewill be randomizedinto the appropriate treatment

groups.

Day 20 Groups A-C: Mice will be weighed and then admin-
istered either PBS, Luc, or PLK1424 SNALPbyIVinjec-
tion via the lateral tail vein. SNALP will be dosed at 2

mg/kg or equivalent volume (10 ml/kg) according to body
weight.

Day 21 Groups A-C: All mice will be weighed and then
euthanized bylethal anesthesia.
Tumorbearing liver lobes [rom all mice in each group will

be weighed and collected into RNALater for RNA
analysis.

Endpoint: Tumor burden and formulations are expected to
be well tolerated. Mice that exhibit signs of distress
associated with the treatment or tumor burdenare termi-
nated at the discretion of the vivarium staff.

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylazine followed by cervical dislocation.

10

15

20

Assay

‘Lumor QG
Tumor RACE-PCR

Histopathology

Data Analysis: mRNAanalysis of liver tumors by bDNA
(QG)assay and RACE-PCR.
Tumorcell apoptosis by histopathology.

Results

Body weights were monitored from Day 14 onwards to
assess tumor progression. On Day 20, 6 mice showing great-
est weight loss were randomized into each ofthe 3 groups and
treated. All six mice had substantial-large I.H. tumorsat sac-
rifice (Day 21). Treatment of the remaining 14 mice was
therefore initiated on the Day 21 (sacrifice Day 22). 10/14
mice had substantial tumors; 2/14 mice had small/probable
tumors; and 2/14 mice had novisible tumor burden.

FIG. 15 shows data from Quantigene assays used to mea-
sure human (tumor)-specific PLK-1 mRNAlevels. A single 2
mg/kg dose of 1:57 SNALP reduced PLK-1 mRNAlevels by
about 50% in intrahepatic Hep3B tumors growing in mice.

FIG, 16 shows that a specific cleavage product of PLK-1
mRNAwasdetectable in mice treated with PLK1424 SNALP

by 5' RACE-PCR.Nospecific PCR product was detectable in
mice treated with either PBS or control (Luc) SNALP. Nucle-
otide sequencing ofthe PCRproduct confirmed the predicted
cleavage site by PLK1424 siRNA-mediated RNA interfer-
ence in the PLK-1 mRNA.

FIG. 17 shows Hep3Btumorhistology in mice treated with
either Luc SNALP(top) or PLK1424 SNALP (bottom). Luc
SNALP-treated mice displayed normal mitoses in Hep3B
tumors, whereas PLK1424 SNALP-treated mice exhibited
numerous aberrant mitoses and tumor cell apoptosis in
Hep3B tumors.
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CONCLUSION

This example illustrates that a single administration of

PLK1424 1:57 SNALP to Hep3B tumor-bearing mice

inducedsignificant in vivo silencing of PLK-1 mRNA.This

reduction in PLK-1 mRNA wasconfirmed to be mediated by
RNAinterference using 5'RACE-PCRanalysis. Importantly,

PLK-1 mRNA silencing by the 1:57 SNALP formulation

profoundly disrupted tumorcell proliferation (mitosis), caus-
ing subsequent apoptosis of tumorcells. As demonstrated in
the previous example, this anti-tumor effect translated into
extended survival times in the tumor-bearing mice.

Example 11

Comparison of 1:57 PLK-1 SNALP Containing
Either PEG-cDMA or PEG-cDSA in a Subcutaneous

Hep3B Tumor Model

 

This example demonstrates the utility of the PEG-lipid
PEG-cDSA (3-N—[(-Methoxypoly(ethylene glycol)2000)
carbamoy]]-1,2-distearyloxypropylamine) in the 1:57 formu-
lation for systemically targeting distal (e.g., subcutaneous)
tumors. In particular, this example compares the tumortar-
geting ability of 1:57 PLK-1 SNALPs containing either PEG-
cDMA (C,,4) or PEG-cDSA (C,,). Readouts are tumor
growth inhibition and PLK1 mRNAsilencing. The PLK-1
siRNA used was PLK1424 U4/GU,the sequence of which is
provided in Table 8.

Subcutaneous (S.C.) Hep3B tumors were established in
scid/beige mice. Multidose anti-tumor efficacy of 1:57
PLK-1 SNALP wasevaluated for the following groups (n=5
for each group): (1) “Luc-cDMA”-PEG-cDMALue SNALP;
(2) “PLK-cDMA”-PEG-cDMA PLK-1 SNALP; and (3)
“PLK-cDSA”-PEG-cDSA PLK-1 SNALP. Administration of

6x2 mg/kg siRNA wasinitiated once tumors reached about 5
nun in diameter (Day 10). Dosing was performed on Days 10,
12, 14, 17, 19, and 21. Tumors were measured bycaliper
twice weekly.

FIG. 18 showsthat multiple doses of 1:57 PLK-1 SNALP
containing PEG-cDSAinduced the regression of established
Hep3B S.C. tumors. In particular, 5/5 tumors in the PLK1-
cDSAtreated mice appeared flat, measurable only by discol-
oration at the tumorsite.

FIG. 19 shows the mRNAsilencing of 1:57 PLK SNALPin
S.C. Hep3B tumors following a single intravenous SNALP
administration. The extent of silencing observed with the
PLK1-cDSA SNALPcorrelated with the anti-tumoractivity
in the multi-dose study shownin FIG. 18.

The Luc-cDMA SNALP-treated group, which had devel- 5
oped large S.C. tumors at Day 24, were then administered
PLK-cDSA SNALPon Days24, 26, 28, 31, 33, and 35. There
was no additional dosing of the original PLK-l SNALP-
treated groups. The results fromthis crossover dosing, study
with large established tumors is provided in FIG. 20, which
shows that PLK1-cDSA SNALPinhibited the growth of large
$.C. Hep3B tumors.

A comparison ofthe effect ofPEG-cDMA and PEG-cDSA
1:57 SNALPs on PLK-1 mRNA silencing was performed
using established intrahepatic Hep3B tumors in scid/beige
mice. A single 2 mg/kg dose of 1:57 PLK-1 SNALP contain-

45

86

ing eitherPEG-cDMAorPEG-cDSAwas administeredintra-
venously. Liver/tumor samples were collected at 24 and 96
hours after SNALPtreatment. Control=2 mg/kg Luc-cDMA
SNALP at 24 hours.

FIG, 21 shows that PLK-cDMA SNALP and PLK-cDSA

SNALPhadsimilar silencing activities after 24 hours, but that
the PLK-cDSA SNALP mayincrease the duration ofmRNA
silencing in intrahepatic tumors.

FIG, 22 showsthe blood clearanceprofile of 1:57 PLK-1
SNALPcontaining either PEG-cDMA or PEG-cDSA. The
extended blood circulation times observed for the PLK-

cDSA SNALP may enable the increased accumulation and
activity at distal (e.g., subcutaneous) tumorsites.

Thus, this study showsthat the 1:57 PEG-cDSA SNALP
formulation can be used to preferentially target tumors out-
side ofthe liver, whereas the 1:57 PEG-cDMA SNALP can be
used to preferentially target the liver.

Example 12

Synthesis of Cholesteryl-2'-Hydroxyethyl Ether

Step 1: A 250 ml roundbottomflask containing cholesterol
(5.0 g, 12.9 mmol) andastir bar was sealed and flushed with
nitrogen. Toluenesulphonyl chloride (5.0 g, 26.2 mmol) was
weighed into a separate 100-mL round bottom flask, also
sealed and flushed with nitrogen. Anhydrouspyridine (2x50
ml) was delivered to each flask. The toluenesulphony1 chlo-
ride solution was then transferred, via cannula, into the 250

mlflask, and the reactionstirred overnight. The pyridine was
removed by rotovap, and methanol (80 ml) added to the
residue. This was thenstirred for 1 hour until a homogeneous
suspension was obtained. The suspension was filtered,
washed with acetonitrile (50 ml), and dried under vacuum to
yield cholesteryl tosylate as a fluffy white solid (6.0 g, 86%).

Step 2: Cholesteryl tosylate (2.0 g, 3.7 mmol), 1,4-dioxane
(50 mL), and ethylene glycol (4.6 g, 74 mmol) were added to
a 100 ml flask containingastir bar. The flask was fitted with
a condenser, and refluxed overnight. The dioxane was then
removed by rotovap, and the reaction mixture suspended in
water (100 ml). The solution wastransferred to a separating
funnel and extracted with chloroform (3x100 ml). The
organic phases were combined, washed with water (2x150
ml), dried over magnesium sulphate, and the solvent
removed. The crude product waspurified by column chroma-
tography(5% acetone/hexane) to yield the product as a white
solid (1.1 g, 69%).

‘The structures ofthe cholesterol] derivatives cholesteryl-2'-
hydroxyethyl ether and cholesteryl-4'-hydroxybutyl ether are
as follows:

Cholestery!-2'-hydroxyethy! ether
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-continued

88

It is to be understoodthat the above description is intended
to be illustrative and not restrictive. Many embodiments will
be apparentto those of skill in the art upon reading the above
description. The scope of the invention should, therefore, be
determined not with reference to the above description, but
should instead be determined with reference to the appended
claims, along with the full scope ofequivalents to which such
claimsare entitled. The disclosures ofall articles and refer-

ences, including patent applications, patents, PCT publica-

tions, and Genbank Accession Nos., are incorporated herein

5

HOLDOS™O

10

Cholestery!-4'-hydroxybutyl ether

byreferencefor all purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence<220> FEATURE:

<223> OTHER INFORMATION: synthetic ES kinesin-related protein 2263 U/U
siRNA sense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:

<221>

synthetic ES kinesin-related protein 2263 U/U siRNA sense strand
of siRNA duplex
NAME/KEY: modified_bage

<222> LOCATION: (2)... (19)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 1

engaagaccn gaagacaann n 21

<210> SED ID NO 2
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic ES kinesin-related protein 2263 U/U
siRNA antisense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic ES kinesin-related protein 2263 U/U siRNA antisense
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (16)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 2

auugucunca ggncuncagn n 21

<210> SEQ ID NO 3
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2

<221>
<222>
<223>
<221>
<222>

G1/2 siRNA sense strand of siRNA duplex
NAME/KEY: modifiedbase
LOCATION: (4)... (4)
OTHER INFORMATION: n = gm
NAME/KEY: modified_base
LOCATION: (8)... (14)

JA0071
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<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 3

agunucanca cacngaauac ¢

<210> SEQ ID NO 4
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 giRNA antisense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (7)... (9)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (19)... (19)
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 4

uauncanunu gaugacacnu g

<210> SEQ ID NO 5
<21l1l> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence<220> FEATURE:
<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1) PLK1424

u4/GU and PLK1424 U4/G siRNA sense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1} PLK1424 U4/GU and PLK1424
u4/G siRNA sense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4})...(18)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modifiedbase
<222> LOCATION: (20)... (21)

21

21

<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide
complementary to target complementary sequence

<400> SEQUENCE: 5

agancacccn ccunaaanan n

<210> SEQ ID NO 6
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence<220> FEATURE:
<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1) PLK1424

u4/GU siRNA antisense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:

21

synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/GU siRNA antisense
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (8)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modifiedbase
<222> LOCATION: (17)... (17)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide

complementary to target sequence

<400> SEQUENCE: 6

uauuuaanga gggugancun n 21
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<210> SEQ ID NO 7
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic polo-like kinase 1
u4/G giRNA antisense strand of siRNA duplex<220> FEATURE:

<223>
synthetic polo-like kinase 1 (PLK-1)
strand of siRNA duplex
NAME/KEY: modifiedbase
LOCATION: (9)... (15)
OTHER INFORMATION: n = gm
NAME/KEY: modifiedbase
LOCATION: (20)... (21)
OTHER INFORMATION: n = deoxythimidine
complementary to target sequence

<221>
<222>
<223>
<221>
<222>
<223> (aT),

<400> SEQUENCE: 7

uauuuaagna gngunaucun n

Whatis claimedis:

1. A nucleic acid-lipid particle comprising:
(a) a nucleic acid;
(b) a cationic lipid comprising from 50 mol % to 65 mol %

of the total lipid present in the particle;
(c)anon-cationic lipid comprising a mixture ofa phospho-

lipid and cholesterolor a derivative thereof, wherein the
phospholipid comprises from 4 mol % to 10 mol % ofthe
total lipid present in the particle and the cholesterol or
derivative thereofcomprises from 30 mol %to 40 mol %
of the total lipid presentin the particle; and

(d) a conjugatedlipid that inhibits aggregation of particles
comprising from 0.5 mol %to 2 mol % ofthetotal lipid
present in the particle.

2. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid comprises a small interfering RNA (siRNA).

3. The nucleic acid-lipid particle of claim 2, wherein the
siRNA comprises from about 15 to about 60 nucleotides.

4. The nucleic acid-lipid particle of claim 2, wherein the
siRNAcomprisesat least one modified nucleotide.

5. The nucleic acid-lipid particle of claim 2, wherein the
siRNA comprises at least one 2'-O-methyl (2'0Me) nucle-
otide.

6. The nucleic acid-lipid particle of claim 2, wherein said
siRNAis about 19 to about 25 base pairs in length.

7. The nucleic acid-lipid particle of claim 2, wherein said
siRNA comprises 3' overhangs.

8. The nucleic acid-lipid particle of claim 1, wherein the
cationic lipid comprises from 52 mol % to 62 mol %ofthe
total lipid present intheparticle.

9. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises dipalmitoylphosphatidylcholine
(DPPC), distearoylphosphatidylcholine (DSPC), or a mix-
ture thereof.

10. The nucleic acid-lipid particle of claim 1, whercin the
conjugated lipid that inhibits aggregation of particles com-
prises a polyethyleneglycol (PEG)-lipid conjugate.

11. The nucleic acid-lipid particle ofclaim 10, wherein the
PEG-lipid conjugate comprises a PEG-diacylglycerol (PEG-
DAG) conjugate, a PEG-dialkyloxypropyl (PEG-DAA) con-
jugate, or a mixture thereof.

35
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(PLK-1) PLK1424

OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
PLK1424 U4/G siRNA antisense

u or a ribonucleotide

21

12. The nucleic acid-lipid particle of claim 11, wherein the
PEG-DAAconjugate comprises a PEG-dimyristyloxypropyl
(PEG-DMA) conjugate, a PEG-distearvloxypropyl (PEG-
DSA) conjugate, or a mixture thereof.

13. The nucleic acid-lipid particle of claim 12, wherein the
PEG has an average molecular weight ofabout 2,000 daltons.

14. The nucleic acid-lipid particle of claim 10, wherein the
nucleic acid-lipid particle comprises about 57.1 mol % cat-
ionic lipid, about 7.1 mol % phospholipid, about 34.3 mal %
cholesterol or a derivative thereof, and about 1.4 mol %

PEG-lipid conjugate.
15. The nucleic acid-lipid particle of claim 1, wherein the

conjugated lipid that inhibits aggregation of particles com-
prises from 1 mol %to 2 mol % ofthe total lipid present in the
particle.

16. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid in the nucleic acid-lipid particle is not substan-
tially degradedafter incubation ofthe particle in serumat 37°
C. for 30 minutes.

17. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid is fully encapsulated in the nucleic acid-lipid
particle.

18. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid-lipid particle has a lipid:nucleice acid mass ratio
of from about 5 to about 15.

19. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid-lipid particle has a median diameter of from
about 40 nm to about 150 nm.

20. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises from 5 mol % to 9 mol % ofthe total
lipid present in the particle.

21. The nucleic acid-lipid particle of claim 1, wherein the
cholesterol or derivative thereof comprises from 32 mol % to
36 mol % ofthe total lipid presentin the particle.

22. A pharmaceutical composition comprising a nucleic
acid-lipid particle of claim 1 and a pharmaceutically accept-
able carrier.
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LIPID FORMULATIONS FOR NUCLEIC ACID
DELIVERY

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application is a continuation of U.S. applica-
tion Ser. No. 12/424,367 filed Apr. 15, 2009, now U.S. Pat.
No. 8,058,069, which application claimspriority to U.S. Pro-
visional Application No. 61/045,228,filed Apr. 15, 2008, the
disclosures of which are herein incorporated by reference in
their entirety for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCIT OR DEVELOPMENT

Not applicable.  
NAMESOF PARTIES TO A JOINT RESEARCH

AGREEMENT

Not applicable.

REFERENCETO A “SEQUENCELISTING,”
TABLE, OR A COMPUTER PROGRAM LISTING

APPENDIX SUBMITTEDAS AN ASCII TEXT
FILE

  

‘The Sequence Listing written in file-77-2.1X'I, created on
Mar. 13, 2012, 8,192 bytes, machine format IBM-PC, MS- 3
Windowsoperating system, is hereby incorporated by refer-
ence in its entirety for all purposes.

BACKGROUND OF THE INVENTION

RNAinterference (RNAi) is an evolutionarily conserved
process in which recognition of double-stranded RNA
(dsRNA) ultimately leads to posttranscriptional suppression
of gene expression. This suppression is mediated by short
dsRNA,also called small interfering RNA (siRNA), which
induces specific degradation of mRNAthrough complemen-
tary base pairing. In several model systems, this natural
response has been developed into a powerful tool for the
investigation ofgene function(see,e.g., Elbashir et al., Genes
Dev., 15:188-200 (2001); Hammondet al., Nat. Rev. Genet.,
2:110-119 (2001)). More recently, it was discovered that
introducing synthetic 21-nucleotide dsRNA duplexes into
mammaliancells could efficiently silence gene expression.

Although the precise mechanism is still unclear, RNAi
provides a potential new approach to downregulate or silence
the transcription andtranslation of a gene of interest. For
example,it is desirable to modulate (e.g., reduce) the expres-
sion ofcertain genes for the treatment ofneoplastic disorders
such as cancer.It is also desirable to silence the expression of
genes associated with liver diseases and disorders such as 5
hepatitis. It is further desirable to reduce the expression of
certain genes for the treatment of atherosclerosis and its
manifestations, e.g., hypercholesterolemia, myocardial inf-
arction, and thrombosis.

A safe and effective nucleic acid delivery system is
required for RNAi to be therapeutically useful. Viral vectors
are relatively efficient gene delivery systems, but suffer from
a variety of limitations, such as the potential for reversion to
the wild-type as well as immune response concerns. As a
result, nonviral gene delivery systems are receiving increas-
ing attention (Worgall et al., Human Gene Therapy, 8:37
(1997); Peeters et al., Human Gene Therapy, 7:1693 (1996);
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Yeietal., Gene Therapy, 1:192 (1994); Hopeetal., Molecular
Membrane Biology, 15:1 (1998)). Furthermore,viral systems
are rapidly cleared from the circulation, limiting transfecuon
to “first-pass” organs such as the lungs,liver, and spleen. In
addition, these systems induce immune responses that com-
promise delivery with subsequent injections.

Plasmid DNA-cationic liposome complexes are currently
the most commonly employed nonviral gene delivery
vehicles (Felgner, Scientific American, 276:102 (1997),
Chonn et al., Current Opinion in Biotechnology, 6:698
(1995)). For instance, cationic liposome complexes made of
an anphipathic compound,a neutral lipid, and a detergent for
transfecting insect cells are disclosed in U.S. Pat. No. 6,458,
382. Cationic liposome complexesare also disclosed in U.S.
Patent Publication No. 20030073640.

Cationic liposome complexes are large, poorly defined
systemsthat are not suited for systemic applications and can
elicit considerable toxic side effects (Harrisonet al., Biotech-
niques, 19:816 (1995); Lietal., The Gene, 4:891 (1997); Tam
et al., Gene Ther, 7:1867 (2000)). As large, positively
charged aggregates, lipoplexes are rapidly cleared when
administered in vivo, with highest expression levels observed
in first-pass organs, particularly the lungs (Huangetal.,
Nature Biotechnology, 15:620 (1997); ‘Templeton et al.,
Nature Biotechnology, 15:647 (1997); Hofland et al., Phar-
maceutical Research, 14:742 (1997)).

Otherliposomaldelivery systems include, for example, the
use ofreverse micelles, anionic liposomes, and polymerlipo-
somes. Reverse micelles are disclosed in U.S. Pat. No. 6,429,

200. Anionic liposomesare disclosed in U.S. Patent Publica-
tion No. 20030026831. Polymer liposomes that incorporate
dextrin or glycerol-phosphocholine polymersare disclosed in
US. Patent Publication Nos. 20020081736 and

20030082103, respectively.
A gene delivery system containing an encapsulated nucleic

acid for systemic delivery should be small (i.e., less than
about 100 nm diameter) and should remain intact in the cir-
culation for an extended period of time in order to achieve
delivery to affected tissues. This requires a highly stable,
serum-resistant nucleic acid-containing particle that does not
interact with cells and other components ofthe vascular com-
partment. Theparticle shouldalso readily interact with target
cells at a disease site in orderto facilitate intracellular delivery
ofa desired nucleic acid.

Recent work has shownthat nucleic acids can be encapsu-
lated in small (e.g., about 70 nm diameter) “stabilized plas-
mid-lipid particles” (SPLP) that consist of a single plasmid
encapsulated within a bilayer lipid vesicle (Wheeleret al.,
Gene Therapy, 6:271 (1999)). These SPLPstypically contain
the “fusogenic” lipid dioleoylphosphatidylethanolamine
(DOPE), low levels ofcationic lipid, and are stabilized in
aqueous media by the presence of a poly(ethylene glycol)
(PEG) coating. SPLPs have systemic application as they
exhibit extended circulation lifetimes following intravenous
(i.v.) injection, accumulate preferentially at distal tumorsites
due to the enhanced vascular permeability in such regions,
and can mediate transgene expression at these tumorsites.
Thelevels of transgene expression observedat the tumorsite
following i.v. injection of SPLPs containing the luciferase
marker gene are superior to the levels that can be achieved
employing plasmid DNA-cationic liposome complexes (li-
poplexes) or naked DNA.

Thus, there remains a strong needin the art for novel and
more efficient methods and compositions for introducing
nucleic acids such as siRNA intocells. In addition, there is a
needin the art for methods of downregulating the expression
of genes ofinterest to treat or prevent diseases and disorders
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such as cancer and atherosclerosis. The present invention
addresses these and other needs.

BRIEF SUMMARY OF THE INVENTION

The present invention provides novel, serum-stable lipid
particles comprising one or more active agents or therapeutic
agents, methods ofmaking the lipid particles, and methods of
delivering and/or administering the lipid particles (e.g., for
the treatment of a disease or disorder).

In preferred embodiments, the active agent or therapeutic
agentis fully encapsulated within the lipid portionofthelipid
particle such that the active agent or therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation, e.g., by anuclease or protease. In other preferred
embodiments, the lipid particles are substantially non-toxic
to mammals such as humans.

In one aspect, the present invention provideslipid particles
comprising: (a) one or more active agents or therapeutic ,
agents; (b) one or more cationic lipids comprising from about
50 mol %to about 85 mol %ofthetotal lipid present in the
particle; (c) one or more non-cationic lipids comprising from
about 13 mol %to about 49.5 mol %ofthe total lipid present
in the particle; and (d) one or more conjugated lipids that
inhibit aggregation of particles comprising from about 0.5
mol % to about 2 mol % ofthe total lipid present in the
particle.

Moreparticularly, the present invention provides serum-
stable nucleic acid-lipid particles (SNALP) comprising a
nucleic acid (e.g., one or more interfering RNA molecules
such as siRNA, aiRNA,and/or miRNA), methods of making
the SNALP, and methodsof delivering and/or administering
the SNALP(e.g., for the treatment of a disease or disorder).

In certain embodiments, the nucleic acid-lipid particle
(e.g., SNALP) comprises: (a) a nucleic acid (e.g., an interfer-
ing RNA); (b) a cationic lipid comprising from about 50 mol
% to about 85 mol % ofthetotal lipid presentin the particle;
(c) a non-cationic lipid comprising from about 13 mol % to
about 49.5 mol % ofthe total lipid presentinthe particle; and
(d) a conjugated lipid that inhibits aggregation of particles
comprising from about 0.5 mol % to about 2 mol % ofthe total
lipid present in theparticle.

In one preferred embodiment, the nucleic acid-lipid par-
ticle (e.g., SNALP) comprises: (a) an siRNA;(b) a cationic
lipid comprising from about 56.5 mol % to about 66.5 mol %
of the total lipid present in the particle; (c) cholesterol or a
derivative thereofcomprising from about 31.5 mol % to about
42.5 mol % ofthetotal lipid presentin the particle; and (d) a
PEG-lipid conjugate comprising from about 1 mol % to about
2 mol % ofthe total lipid presentin the particle. This preferred
embodiment of nucleic acid-lipid particle is generally
referred to herein as the “1:62” formulation.

In another preferred embodiment, the nucleic acid-lipid
particle (e.g., SNALP) comprises: (a) an siRNA; (b) a cat- 5
ionic lipid comprising from about 52 mol % to about 62 mol
% of the total lipid present in the particle; (c) a mixture ofa
phospholipid and cholesterol or a derivative thereofcompris-
ing from about 36 mol % to about 47 mol % of the total lipid
present in the particle; and (d) a PEG-lipid conjugate com-
prising from about 1 mol % to about 2 mol %ofthetotal lipid
present in the particle. This preferred embodimentofnucleic
acid-lipid particle is generally referred to herein as the “1:57”
formulation.

The present invention also provides pharmaceutical com-
positions comprising a lipid particle described herein (e.g.,
SNALP)and a pharmaceutically acceptable carrier.
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In another aspect, the present invention provides methods
for introducing an active agent or therapeutic agent (e.g.,
nucleic acid) into a cell, the method comprising contacting
the cell with a lipid particle described herein such as a nucleic
acid-lipid particle (e.g., SNALP).

In yet another aspect, the present invention provides meth-
ods for the in vivo delivery of an active agent or therapeutic
agent(e.g., nucleic acid), the method comprising administer-
ing toa mammalian subject a lipid particle described herein
suchas a nucleic acid-lipid particle (e.g., SNALP).

Ina further aspect, the present invention provides methods
for treating a disease or disorder in a mammalian subject in
need thereof, the method comprising administering to the
mammalian subject a therapeutically effective amount ofa
lipid particle described herein such as a nucleic acid-lipid
particle (e.g., SNALP).

Other objects, features, and advantages of the present
invention will be apparent to one of skill in the art fromthe
following detailed description andfigures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A (Samples 1-8) and FIG. 1B (Samples 9-16 illus-
trate data demonstrating the activity of 1:57 SNALP contain-
ing Eg5 siRNA in a humancolon cancercell line.

FIG. 2 illustrates data demonstrating the activity of 1:57
SNALP containing ApoB siRNA following intravenous
administration in mice.

FIG.3 illustrates additional data demonstrating the activity
of 1:57 SNALP containing ApoB siRNA following intrave-
nous administration in mice. Each bar represents the group
meanof five animals. Error bars indicate the standard devia-
tion.

FIG, 4 illustrates data demonstrating the activity of 1:57
and 1:62 SNALP containing ApoBsiRNA following intrave-
nous administration in mice.

FIG. 5 illustrates data demonstrating the activity of 1:62
SNALP containing ApoB siRNA following intravenous
administration in mice.

FIG. 6A (expressed as IU/L) and FIG. 6B (expressed as
x-Fold Upper Limit of Normal) illustrate data demonstrating
that the tolerability of 1:57 SNALP containing ApoB siRNA
preparedbycitrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters.

FIG. 7A (expressed as liver ApoB:GAPD mRNAratio),
FIG. 7B (expressed as relative plasma ApoB-100 concentra-
tion), and FIG. 7C (expressed as plasma total cholesterol
illustrate data demonstrating that the efficacy of 1:57 SNALP
containing ApoBsiRNA prepared by gear pump wassimilar
to the same SNALPprepared by syringepress.

FIG. 8 illustrates data demonstrating that there was very
little effect on body weight 24 hours after administration of
1:57 SNALPcontaining ApoB siRNA.

FIG. 9 illustrates data demonstrating that there were no
obvious changesinplatelet count after administration of1:57
SNALPcontaining ApoB siRNA.

FIG. 10A (expressed as IU/L.) and FIG. 10B (expressed as
x-Fold Upper Limit of Normal) illustrate data demonstrating
that clinically significant liver enzyme elevations (3xULN)
occurred at particular drug dosages of 1:57 SNALP contain-
ing ApoB siRNA.

FIG. 11A(expressed as liver ApoB:GAPD mRNAratio)
and T'IlG. 11B (expressed as relative plasma ApoB-1060 con-
centration illustrate data demonstrating that the potency of
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the lower lipid:drug (L:D) 1:57 SNALP containing ApoB
siRNAwasas goodas that of the higher L:D SNALPat the
tested drug dosages.

FIG. 12 illustrates data demonstrating that ApoB protein
andtotal cholesterol levels were reduced to a similar extent by
1:57 SNALPcontaining ApoBsiRNAata 6:1 input L:D ratio
(final ratio of 7:1) and 1:57 SNALPat a 9:1 input L:D ratio
(final ratio of 10:1).

FIG. 13 illustrates data demonstrating that a treatment
regimen of 1:57 SNALP with siRNA targeting PLK-1 is well
tolerated with no apparent signs oftreatment related toxicity
in mice bearing Hep3Bliver tumors.

FIG. 14 illustrates data demonstrating that treatment with
1:57 SNALP containing PLK-1 siRNA caused a significant
increase in the survival of Hep3B tumor-bearing mice.

FIG. 15 illustrates data demonstrating that treatment with
1:57 SNALP containing PLK-1 siRNA reduced PLK-1
mRNAlevels by 50% in intrahepatic Hep3B tumors growing
in mice 24 hours after SNALP administration.

FIG. 16 illustrates data demonstrating that a specific cleav-
age product of PLK-1 mRNA wasdetectable by 5' RACE-
PCR in mice treated with 1:57 SNALP containing PLK-1
siRNA. 10 ul PCR product/well were loaded onto a 1.5%
agarose gel. Lane Nos.: (1) molecular weight (MW) marker;
(2) PBS mouse1; (3) PBS mouse2; (4) PBS mouse3; (5) Luc
SNALP mouse1; (6) Luc SNALP mouse 2; (7) PLK SNALP
mouse 1; (8) PLK SNALP mouse 2; (9) PLK SNALP mouse
3; and (10) no template control.

FIG. 17 illustrates data demonstrating that control (Luc)
1:57 SNALP-treated mice displayed normal mitoses in
Hep3B tumors (top panels), whereas mice treated with 1:57
SNALPcontaining PLK-1 siRNA exhibited numerous aber-
rant mitoses and tumorcell apoptosis in Hep3Btumors (bot-
tom panels).

FIG.18 illustrates data demonstrating that multiple doses
of 1:57 PLK-1 SNALP containing PEG-cDSAinduced the
regression ofestablished Hep3B subcutaneous(S.C.) tumors.

FIG. 19 illustrates data demonstrating PLK-1 mRNA
silencing using 1:57 PLK SNALP in S.C. Hep3B tumors
following a single intravenous SNALP administration.

FIG. 20 illustrates data demonstrating that PLK-1 PEG-
cDSA SNALP inhibited the growth of large S.C. Hep3B
tumors.

FIG. 21 illustrates data demonstrating tumor-derived
PLK-1 mRNAsilencing in Hep3B intrahepatic tumors.

FIG.22 illustrates data demonstrating the blood clearance
profile of 1:57 PLK-1 SNALP containing either PEG-cDMA
or PEG-cDSA.

DETAILED DESCRIPTION OF THE INVENTION

I. Introduction

The present invention is based, in part, upon the surprising
discovery that lipid particles comprising from about 50 mol %
to about 85 mol %ofa cationic lipid, from about 13 mol %to
about 49.5 mol %ofa non-cationic lipid, and from about 0.5
mol % to about 2 mol % of a lipid conjugate provide advan-
tages when usedfor the in vitro orin vivo delivery ofan active
agent, such as a therapeutic nucleic acid (e.g., an interfering
RNA).In particular, as illustrated by the Examplesherein, the
present invention provides stable nucleic acid-lipid particles
(SNALP)that advantageously impart increased activityofthe
encapsulated nucleic acid (e.g., an interfering RNA such as
siRNA) and improvedtolerability of the formulationsin vivo,
resulting in a significant increase in the therapeutic index as
compared to nucleic acid-lipid particle compositions previ-
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ously described. Additionally, the SNALPofthe invention are
stable in circulation, e.g., resistant to degradation by
nucleases in serum, and are substantially non-toxic to mam-
mals such as humans. As a non-limiting example, FIG. 3 of
Example 4 shows that one SNALP embodimentofthe inven-
tion (“1:57 SNALP”) was more than 10timesasefficacious as
compared to a nucleic acid-lipid particle previously described
(“2:30 SNALP”) in mediating target gene silencing at a
10-fold lower dose. Similarly, FIG. 2 ofExample 3 showsthat
the “1:57 SNALP”formulation was substantially more effec-
tive at silencing the expressionofa target gene as comparedto
nucleic acid-lipid particles previously described (“2:40
SNALP”).

In certain embodiments, the present invention provides
improved compositions for the delivery of interfering RNA
such as siRNA molecules. Inparticular, the Examples herein
illustrate that the improvedlipid particle formulations ofthe
invention are highly effective in downregulating the mRNA
and/or protein levels of target genes. Furthermore, the
Examples herein illustrate that the presence of certain molar
ratios of lipid components results in improved or enhanced
activity of these lipid particle formulations of the present
invention. For instance, the “1:57 SNALP” and “1:62
SNALP”formulations described herein are exemplaryfor-
mulationsofthe present inventionthatare particularly advan-
tageous because they provide improved efficacy andtoler-
ability in vivo, are serum-stable, are substantially non-toxic,
are capable of accessing extravascular sites, and are capable
of reaching target cell populations.

The lipid particles and compositions of the present inven-
tion may be used for a variety of purposes, including the
delivery of associated or encapsulated therapeutic agents to
cells, both in vitro and in vivo. Accordingly, the present
invention provides methodsfor treating diseases or disorders
in a subject in need thereof, by contacting the subject with a
lipid particle described herein comprising one or more suit-
able therapeutic agents.

Various exemplary embodiments ofthe lipid particles of
the invention, as well as compositions and formulations com-
prising the same, andtheir use to deliver therapeutic agents
and modulate target gene and protein expression, are
described in further detail below.

II. Definitions

As used herein, the following terms have the meanings
ascribed to them unless specified otherwise.

The term “interfering RNA” or “RNAi” or “interfering
RNA sequence”refers to single-stranded RNA(e.g., mature
miRNA)or double-stranded RNA(.e., duplex RNA such as
siRNA, aiRNA,or pre-miRNA)that is capable ofreducing or
inhibiting the expressionofa target gene or sequence(e.g., by
mediating the degradation or inhibiting the translation of
mRNAs which are complementary to the interfering RNA
sequence) whenthe interfering RNAisin the samecell as the
target gene or sequence. Interfering RNA thusrefers to the
single-stranded RNA that is complementary to a target
mRNAsequence or to the double-stranded RNA formed by
two complementary strands or byasingle, self-complemen-
tary strand. Interfering RNA may have substantial or com-
plete identityto the target gene or sequence, or may comprise
a region of mismatch (1.e., a mismatch motif). The sequence
of the interfering RNA can correspondto the full-length tar-
get gene, or a subsequence thereof.

Interfering RNA includes “small-interfering RNA” or
“siRNA,” e.g., interfering RNA of about 15-60, 15-50, or
15-40 (duplex) nucleotides in length, more typically about
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15-30, 15-25, or 19-25 (duplex) nucleotides in length, and is
preferably about 20-24, 21-22, or 21-23 (duplex) nucleotides
in length (e.g., each complementary sequence of the double-
stranded siRNA is 15-60, 15-50, 15-40, 15-30, 15-25, or
19-25 nucleotides in length, preferably about 20-24, 21-22, or
21-23 nucleotides in length, and the double-stranded siRNA
is about 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 base
pairs in length, preferably about 18-22, 19-20, or 19-21 base
pairs in length). siRNA duplexes may comprise 3' overhangs
of about 1 to about 4 nucleotides or about 2 to about 3

nucleotides and 5' phosphate termini. Examples of siRNA
include, without limitation, a double-stranded polynucleotide
molecule assembled from two separate stranded molecules,
wherein one strand is the sense strand and the other is the

complementary antisense strand; a double-stranded poly-
nucleotide molecule assembled from a single stranded mol-
ecule, where the sense and antisense regionsare linked by a
nucleic acid-based or non-nucleic acid-based linker; a
double-stranded polynucleotide molecule with a hairpin sec-
ondarystructure having self-complementary sense and anti-
sense regions; anda circular single-stranded polynucleotide
molecule with two or moreloopstructures and a stem having
self-complementary sense and antisense regions, where the
circular polynucleotide can be processed in vivo orin vitro to
generate an active double-stranded siRNA molecule.

Preferably, siRNA are chemically synthesized. siRNA can
also be generated by cleavage of longer dsRNA(e.g., dsRNA
greater than about 25 nucleotides in length) with the £. coli
RNase III or Dicer. These enzymes process the dsRNA into
biologically active siRNA (see, e.g., Yang et al., Proc. Natl.
Acad. Sci. USA, 99:9942-9947 (2002); Calegari et al., Proc.
Natl. Acad. Sci. USA, 99:14236 (2002); Byrom etal., Ambion
TechNotes, 10(1):4-6 (2003); Kawasakiet al., Nucleic Acids
Res., 31:981-987 (2003); Knight et al., Science, 293:2269-
2271 (2001); and Robertson et al., 4 Biol. Chem., 243:82
(1968)). Preferably, dsRNA are at least 50 nucleotides to
about 100, 200, 300, 400, or 500 nucleotides in length. A
dsRNA may be aslong as 1000, 1500, 2000, 5000 nucleotides
in length, or longer.The dsRNA canencodefor anentire gene
transcript or a partial gene transcript. In certain instances,
siRNA may be encoded by a plasmid (e.g., transcribed as
sequences that automatically fold into duplexes with hairpin
loops).

As used herein, the term “mismatch motif” or “mismatch
region”refers to a portion ofaninterfering RNA(e.g., siRNA,
aiRNA, miRNA) sequencethat does not have 100% comple-
mentarity to its target sequence. An interfering RNA may
haveat least one, two. three, four, five, six, or more mismatch
regions. The mismatch regions maybe contiguous or may be
separated by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more
nucleotides. The mismatch motifs or regions may comprise a
single nucleotide or may comprise two, three, four, five, or
more nucleotides.

An “effective amount” or “therapeutically effective
amount” of an active agent or therapeutic agent such as an 5
interfering RNA is an amount sufficient to produce the
desired effect, e.g., an inhibition of expression of a target
sequence in comparison to the normal expression level
detected in the absence of an interfering RNA.Inhibition of
expression of a target gene or target sequence is achieved
whenthe value obtained with an interfering RNArelative to
the control is about 90%, 85%, 80%, 75%, 70%, 65%, 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%,
or 0%. Suitable assays for measuring expression ofa target
geneor target sequence include, ¢.g., examination ofprotein
or RNAlevels using techniques knownto those of skill in the
art such as dot blots, northern blots, in situ hybridization,
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ELISA, immunoprecipitation, enzyme function, as well as
phenotypic assays knownto those ofskill in theart.

By “decrease,”“decreasing,” “reduce,”or “reducing” ofan
immuneresponse by an interfering RNAis intended to mean
a detectable decrease of an immuneresponseto a giveninter-
fering RNA(e.g., a modified interfering RNA). The amount
of decrease of an immuneresponse by a modified interfering
RNA maybe determined relative to the level of an immune
responsein the presence ofan unmodified interferingRNA. A
detectable decrease can be about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, or more lower than the immune
response detected in the presence of the unmodified interfer-
ing RNA. A decrease in the immuneresponseto interfering
RNAistypically measured by a decrease in cytokine produc-
tion (e.g., IFNy, IFNa, TNFa, IL-6, or I-12) by a responder
cell in vitro or a decrease in cytokine production in the sera of
a mammalian subject after administration of the interfering
RNA.

Asused herein, the term “respondercell” refers to a cell,
preferably a mammalian cell, that produces a detectable
immune response when contacted with an immunostimula-
tory interfering RNA such as an unmodified siRNA. Exem-
plary respondercells include, e.g., dendritic cells, macroph-
ages, peripheral blood mononuclear cells (PBMCs),
splenocytes, and the like. Detectable immune responses
include, e.g., production of cytokines or growth factors such
as ‘TNF-a, IFN-o, IFN-6, IFN-y, IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-10, IL-12, IL-13, TGF, and combinationsthereof.

“Substantial identity” refers to a sequence that hybridizes
to a reference sequence under stringent conditions, or to a
sequencethat has a specified percent identity over a specified
region of a reference sequence.

The phrase “stringent hybridization conditions” refers to
conditions under which a nucleic acid will hybridizeto its
target sequence, typically in a complex mixture of nucleic
acids, but to no other sequences. Stringent conditions are
sequence-dependentand will be different in different circum-
stances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of
nucleic acids is found in Tijssen, Zechniques in Biochemistry
and Molecular Biology—Hybridization with Nucleic Probes,
“Overview of principles of hybridization and the strategy of
nucleic acid assays” (1993). Generally, stringent conditions
are selected to be about 5-10° C. lower than the thermal

melting point (I’,,) forthe specific sequenceat a defined ionic
strength pH. The T,,, is the temperature (under defined ionic
strength, pH, and nucleic concentration) at which 50% ofthe
probes complementary to the target hybridize to the target
sequenceat equilibrium (as the target sequencesarepresentin
excess, at T,,,, 50% ofthe probes are occupied at equilibrium).
Stringent conditions mayalso be achieved with the addition
of destabilizing agents such as formamide. For selective or
specific hybridization, a positive signal is at least two times
background,preferably 10 times background hybridization.

Exemplary stringent hybridization conditions can be as
follows: 50% formamide, 5xSSC, and 1% SDS, incubating at
42° C., or, 5xSSC, 1% SDS, incubating at 65° C., with wash
in 0.2xSSC,and 0.1% SDSat 65° C. For PCR, a temperature
of about 36° C.is typical for lowstringency amplification,
although annealing temperatures may vary between about
32° C. and 48° C. depending on primer length. For high
stringency PCR amplification, a temperature of about 62° C.
is typical, although high stringency annealing temperatures
can range from about 50° C. to about 65° C., depending on the
primer length and specificity. Typical cycle conditions for
both high and lowstringency amplifications include a dena-
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turation phase of90° C.-95° C. for 30 sec.-2 min., an anneal-
ing phase lasting 30 sec.-2 min., and an extension phase of
about 72° C.for 1-2 min. Protocols and guidelines for low and
high stringency amplification reactions are provided, e.g., in
Innis et al., PCR Protocols, A Guide to Methods and Appli-
cations, Academic Press, Inc. N.Y. (1990).

Nucleic acids that do not hybridize to each other under
stringent conditions are still substantially identical if the
polypeptides which they encode are substantially identical.
This occurs, for example, when a copy of a nucleic acid is
created using the maximumcodon degeneracy permitted by
the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions. Exemplary “moderatelystringent hybridization condi-
tions” include a hybridizationin a buffer of 40%formamide,
1 M NaCl, 1% SDSat 37° C., anda wash in 1xSSC at 45° C.
A positive hybridization is at least twice background. Those
ofordinaryskill will readily recognize that alternative hybrid-
ization and wash conditions can be utilized to provide condi-
tions of similar stringency. Additional guidelines for deter-
mining hybridization parameters are provided in numerous
references, e.g., Current Protocols in Molecular Biology,
Ausubelet al., eds.

The terms “substantially identical” or “substantial iden-
tity,” in the context of two or more nucleic acids, refer to two
or more sequences or subsequencesthat are the same or have
a specified percentage ofnucleotides that are the same(1.e., at
least about 60%, preferably at least about 65%, 70%, 75%,
80%, 85%, 90%, or 95%identity over a specified region),
when compared and aligned for maximum correspondence
over a comparison window,or designated region as measured
using one of the following sequence comparisonalgorithms
or by manual alignment and visual inspection. This defini-
tion, when the contextindicates, also refers analogously to the
complement of a sequence. Preferably, the substantial iden-
tity exists over a region thatis at least about 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, or 60 nucleotides in length.

For sequence comparison, typically one sequence acts asa
reference sequence, to which test sequences are compared.
Whenusing a sequence comparison algorithm, test and ref-
erence sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algo-
rithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be
designated. ‘he sequence comparison algorithm then calcu-
lates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program
parameters.

A “comparison window,” as used herein, includes refer-
ence to a segment of any one of a number ofcontiguous
positions selected from the group consisting of from about 5
to about 60, usually about 10 to about 45, more usually about
15 to about 30, in which a sequence may be compared to a
reference sequence of the same numberof contiguous posi- 5
tionsafter the two sequences are optimally aligned. Methods
ofalignment of sequences for comparison are well known in
the art. Optimal alignment of sequences for comparison can
be conducted, e.g., by the local homologyalgorithmofSmith
and Waterman, Adv. Appl. Math., 2:482 (1981), by the homol-
ogy alignmentalgorithm ofNeedleman and Wunsch, /. Mol.
Biol., 48:443 (1970), by the search for similarity method of
Pearson and Lipman, Proc. Natl. Acad. Sci. USA, 85:2444
(1988), by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manualalign-
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ment and visual inspection (see, e.g., Current Protocols in
Molecular Biology, Ausubel et al., eds. (1995 supplement)).

A preferred example of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al., Nuc. Acids Res., 25:3389-3402
(1977) and Altschulet al., J. Mol. Biol., 215:403-410 (1990),
respectively. BLAST and BLAST 2.0 are used, with the
parameters described herein, to determine percent sequence
identity for the nucleic acids of the invention. Software for
performing BLASTanalysesis publicly available through the
National Center for Biotechnology Information (ww-
w.ncbi.nlm.nih.gov/).

The BLASTalgorithmalso performsa statistical analysis
of the similarity between two sequences(see,e.g., Karlin and
Altschul, Proc. Natl. Acad. Sci. USA, 90:5873-5787 (1993)).
One measure ofsimilarity provided by the BLASTalgorithm
is the smallest sum probability (P(N)), which provides an
indication ofthe probability by which a match between two
nucleotide sequences would occur by chance. For example, a
nucleic acid is considered similar to a reference sequenceif
the smallest sum probability in a comparison of the test
nucleic acid to the reference nucleic acid is less than about

0.2, more preferably less than about 0.01, and mostpreferably
less than about 0.001.

The term “nucleic acid”as used herein refers to a polymer
containing at least two deoxyribonucleotides or ribonucle-
otides in either single- or double-stranded form and includes
DNA and RNA. DNA maybein the form of, e.g., antisense
molecules, plasmid DNA, pre-condensed DNA, a PCRprod-
uct, vectors (P1, PAC, BAC, YAC,artificial chromosomes),
expression cassettes, chimeric sequences, chromosomal
DNA,or derivatives and combinations of these groups. RNA
may bein the form of siRNA, asymmetrical interfering RNA
(aiRNA), microRNA (miRNA), mRNA, tRNA, rRNA,
tRNA, viral RNA (vRNA), and combinations thereof.
Nucleic acids include nucleic acids containing known nucle-
otide analogs or modified backbone residues or linkages,
whichare synthetic, naturally occurring, and non-naturally
occurring, and which have similar binding properties as the
reference nucleic acid. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidates,
methyl phosphonates, chiral-methyl phosphonates, 2'-O-me-
thyl ribonucleotides, and peptide-nucleic acids (PNAs).
Unless specifically limited, the term encompasses nucleic
acids containing known analoguesofnatural nucleotides that
have similar binding properties as the reference nucleic acid.
Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively modi-
fied variants thereof(e.g., degenerate codon substitutions),
alleles, orthologs, SNPs, and complementary sequences as
well as the sequenceexplicitly indicated. Specifically, degen-
erate codon substitutions may be achieved by generating
sequences in whichthe third position of one or more selected
(or all) codonsis substituted with mixed-base and/or deoxyi-
nosine residues (Batzer et al., Nucleic Acid Res., 19:5081
(1991); Ohtsuka et al., J. Biol. Chem., 260:2605-2608 (1985);
Rossoliniet al., Mol. Cell. Probes, 8:91-98 (1994)). “Nucle-
otides” contain a sugar deoxyribose (DNA)or ribose (RNA),
a base, and a phosphate group. Nucleotides are linked
together through the phosphate groups. “Bases” include
purines and pyrimidines, whichfurther include natural com-
pounds adenine, thymine, guanine, cytosine, uracil, inosine,
and natural analogs, and synthetic derivatives of purines and
pyrimidines, which include, but are not limited to, modifica-
tions which place new reactive groups such as, but not limited
to, amines, alcohols, thiols, carboxylates, and alkylhalides.
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The term “gene” refers to a nucleic acid (e.g., DNA or
RNA)sequence that comprises partial length or entire length
coding sequences necessary for the production ofa polypep-
tide or precursor polypeptide.

“Gene product,” as used herein, refers to a product of a
gene such as an RNAtranscript or a polypeptide.

The term “lipid” refers to a group of organic compounds
that include, but are notlimited to, esters offatty acids and are
characterized by being insoluble in water,but soluble in many
organic solvents. They are usuallydividedinto at least three
classes: (1) “simple lipids,” which include fats and oils as well
as waxes; (2) “compound lipids,” whichinclude phospholip-
ids and glycolipids; and (3) “derived lipids” suchasstcroids.

A “lipid particle” is used herein to refer to a lipid formu-
lation that can be used to deliver an active agent or therapeutic
agent, such as a nucleic acid (e.g., an interfering RNA), toa
target site of interest. In the lipid particle of the invention,
whichis typically formed froma cationic lipid, anon-cationic
lipid, and a conjugated lipid that prevents aggregation ofthe
particle, the active agent or therapeutic agent may be encap-
sulated in the lipid, thereby protecting the agent from enzy-
matic degradation.

As used herein, the term “SNALP”refers to astable nucleic
acid-lipid particle. A SNALPrepresents a particle made from
lipids (e.g., a cationic lipid, a non-cationic lipid, and a con-
jugated lipid that prevents aggregation of the particle),
wherein the nucleic acid (e.g., siRNA, aiRNA, miRNA,
ssDNA, dsDNA, ssRNA, short hairpin RNA (shRNA),
dsRNA, or a plasmid, including plasmids from which an
interfering RNA is transcribed) is fully encapsulated within
the lipid. As used herein, the term “SNALP”includes an
SPLP, which is the term used to refer to a nucleic acid-lipid
particle comprising a nucleic acid (e.g., a plasmid) encapsu-
lated within the lipid. SNALP and SPLP typically contain a
cationic lipid, a non-cationic lipid, and a lipid conjugate (e.g.,
a PEG-lipid conjugate). SNALP and SPLP are extremely
useful for systemic applications, as they can exhibit extended
circulation lifetimes following intravenous (i.v.) injection,
they can accumulateat distal sites (e.g., sites physically sepa-
rated from the administration site), and they can mediate
expression ofthe transfected geneorsilencing of target gene
expressionat thesedistal sites. SPLP include “pSPLP,” which
comprise an encapsulated condensing agent-nucleic acid
complex as set forth in PCT Publication No. WO 00/03683,
the disclosure ofwhich is herein incorporated by reference in
its entirety for all purposes.

Thelipid particles of the invention (e.g., SNALP)typically
have a meandiameter of from about 40 nm to about 150 nm,
from about 50 nm to about 150 nm, from about 60 nm to about
130 nm,from about 70 nm to about 110 nm,or from about 70
to about 90 nm,andare substantially non-toxic. In addition,
nucleic acids, when presentin the lipid particles of the inven-
tion, are resistant in aqueous solution to degradation with a
nuclease. Nucleic acid-lipid particles and their method of
preparation are disclosed in, e.g., U.S. Patent Publication 5
Nos. 20040142025 and 20070042031, the disclosures of

which are herein incorporated by reference in their entirety
for all purposes.

As used herein, “lipid encapsulated” can refer to a lipid
particle that provides an active agent or therapeutic agent,
such as a nucleic acid (e.g., an interfering RNA), with full
encapsulation, partial encapsulation, or both. In a preferred
embodiment, the nucleic acid is fully encapsulated in the lipid
particle (e.g., to form an SPLP, pSPLP, SNALP, or other
nucleic acid-lipid particle).

The term “lipid conjugate”refers to a conjugatedlipid that
inhibits aggregation of lipid particles. Such lipid conjugates
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include, but are not limited to, polyamide oligomers(e.g.,
ATTA-lipid conjugates), PEG-lipid conjugates, such as PEG
coupled to dialkyloxypropyls, PEG coupled to diacylglycer-
ols, PEG coupled to cholesterol, PEG coupled to phosphati-
dylethanolamines, PEG conjugated to ceramides(see, e.g.,
U.S. Pat. No. 5,885,613, the disclosure of which is herein
incorporated by reference in its entirety for all purposes),
cationic PEG lipids, and mixtures thereof. PEG can be con-
Jugated directly to the lipid or may be linkedto the lipid via a
linker moiety. Anylinker moiety suitable for coupling the
PEGtoalipid can be used including,e.g., non-ester contain-
ing, linker moieties and ester-containing linker inoieties. In
preferred embodiments, non-ester containing linker moictics
are used.

The term “amphipathic lipid”refers, in part, to any suitable
material wherein the hydrophobic portion of the lipid mate-
rial orients into a hydrophobic phase, while the hydrophilic
portion orients toward the aqueous phase. Hydrophilic char-
acteristics derive from the presence of polar or charged
groupssuch as carbohydrates, phosphate, carboxylic, sulfato,
amino, sulfhydryl, nitro, hydroxyl, and other like groups.
Hydrophobicity can be conferred by the inclusion of apolar
groups that include, but are not limited to, long-chain satu-
rated and unsaturated aliphatic hydrocarbon groups and such
groups substituted by one or more aromatic, cycloaliphatic,
or heterocyclic group(s). Examples of amphipathic com-
poundsinclude, but are notlimited to, phospholipids, amino-
lipids, and sphingolipids.

Representative examples ofphospholipids include, but are
not limited to, phosphatidylcholine, phosphatidylethanola-
mine, phosphatidylserine, phosphatidylinositol, phospha-
tidic acid, palmitoyloleoyl phosphatidylcholine, lysophos-
phatidylcholine, lysophosphatidylethanolamine,
dipalmitoylphosphatidylcholine, dioleoylphosphatidylcho-
line, distearoylphosphatidylcholine, and dilinoleoylphos-
phatidylcholine. Other compounds lacking in phosphorus,
such as sphingolipid, glycosphingolipid families, diacylglyc-
erols, and B-acyloxyacids, are also within the group desig-
nated as amphipathic lipids. Additionally, the amphipathic
lipids described above can be mixed with other lipids includ-
ing triglycerides andsterols.

The term “neutral lipid”refers to any of a numberoflipid
species that exist either in an uncharged or neutral zwitteri-
onic form at a selected pH. At physiological pH, such lipids
include, for example, diacylphosphatidylcholine, dia-
cylphosphatidylethanolamine, ceramide, sphingomyelin,
cephalin, cholesterol, cerebrosides, and diacylglycerols.

The term “non-cationic lipid” refers to any amphipathic
lipid as well as anyother neutral lipid or anionic lipid.

The term “anionic lipid” refers to any lipid that is nega-
tively charged at physiological pH. Theselipids include, but
are not limited to, phosphatidylglycerols, cardiolipins, dia-
cylphosphatidylserines, diacylphosphatidic acids, N-dode-
canoyl phosphatidylethanolamines, N-succinyl phosphati-
dylethanolamines, N-glutarylphosphatidylethanolamines,
lysylphosphatidylglycerols, palmitoyloleyolphosphatidylg-
lycerol (POPG), and other anionic modifying groups joined
to neutral lipids.

The term “cationic lipid”refers to any of a numberoflipid
species that carry a net positive charge at a selected pH, such
as physiological pH (e.g., pH of about 7.0). It has been sur-
prisingly found that cationic lipids comprising alkyl chains
with multiple sites of unsaturation, ¢.g., at least two or three
sites of unsaturation, are particularly useful for forming lipid
particles with increased membranefluidity. A numberofcat-
ionic lipids and related analogs, which are also useful in the
present invention, have been described in U.S. Patent Publi-
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cation Nos. 20060083780 and 20060240554; U.S. Pat. Nos.
5,208,036; 5,264,618; 5,279,833; 5,283,185; 5,753,613; and
5,785,992; and PCTPublication No. WO 96/10390, the dis-
closures ofwhich are herein incorporated byreference in their
entirety for all purposes. Non-limiting examples of cationic
lipids are described in detail herein. In some cases, the cat-
ionic lipids comprise a protonatable tertiary amine (e.g., pH
titratable) head group, C18 alkyl chains, ether linkages
betweenthe head group and alkyl chains, and 0 to 3 double
bonds. Such lipids include, e.g., DSDMA, DLinDMA,
DLenDMA, and DODMA.

The teri“hydrophobic lipid”refers to compounds having
apolar groupsthat include, but are not limited to, long-chain
saturated and unsaturated aliphatic hydrocarbon groups and
such groups optionally substituted by one or more aromatic,
cycloaliphatic, or heterocyclic group(s). Suitable examples
include, but are not limited to, diacylglycerol, dialkylglyc-
erol, N-N-dialkylamiino,1 ,2-diacyloxy-3-aminopropane, and
1 ,2-dialkyl-3-aminopropane.

The term “fusogenic”refers to the ability ofa lipid particle,
such as a SNALP, to fuse with the membranesofa cell. The
membranes can be cither the plasma membrane or mem-
branes surrounding, organelles, e.g., endosome, nucleus,etc.

As used herein, the term “aqueous solution” refers to a
composition comprising in whole, or in part, water.

Asused herein,the term “organiclipid solution”refers to a
composition comprising in whole, or in part, an organic sol-
vent having a lipid.

“Distal site,” as used herein,refers to a physically separated
site, which is not limited to an adjacent capillary bed, but
includes sites broadlydistributed throughout an organism.

“Serum-stable” in relation to nucleic acid-lipid particles
such as SNALP meansthat the particle is not significantly
degraded after exposure to a serum or nuclease assay that
would significantly degrade free DNA or RNA. Suitable
assays include, for example, a standard serum assay, a DNAse
assay, or an RNAseassay.

“Systemic delivery,” as used herein, refers to delivery of
lipid particles that leads to a broad biodistributionofanactive
agentor therapeutic agent such as an interfering RNA within
an organism. Some techniques of administration can lead to
the systemic delivery ofcertain agents, but not others. Sys-
temic delivery means that a useful, preferably therapeutic,
amount ofan agent is exposed to most parts of the body. To
obtain broad biodistribution generally requires a blood life-
time such that the agent is not rapidly degraded or cleared
(such as byfirst pass organs (liver, lung, etc.) or by rapid,
nonspecific cell binding) before reaching a diseasesite distal
to the site of administration. Systemic delivery oflipid par-
ticles can be by any means known in the art including, for
example, intravenous, subcutaneous,and intraperitoneal. Ina
preferred embodiment, systemic deliveryof lipid particlesis
by intravenousdelivery.

“Local delivery,” as used herein, refers to delivery of an
active agent or therapeutic agent such as an interfering RNA
directly to a target site within an organism. For example, an
agent can be locally delivered bydirect injection intoa dis-
ease site such as a tumoror other target site such asasite of
inflammation or a target organ such as theliver, heart, pan-
creas, kidney, andthelike.

The term “mammal”refers to any mammalian species such
as a human, mouse,rat, dog, cat, hamster, guinea pig, rabbit,
livestock, and the like.

The term “cancer” refers to any member of a class of
diseases characterized bythe uncontrolled growth ofaberrant
cells. The term includes all known cancers and neoplastic
conditions, whether characterized as malignant, benign, soft
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tissue, or solid, and cancersofall stages and grades including
pre- and post-metastatic cancers. Examplesofdifferent types
of cancer include, but are not limited to, lung cancer, colon
cancer, rectal cancer, anal cancer, bile duct cancer, small
intestine cancer, stomach(gastric) cancer, esophageal cancer;
gallbladder cancer, liver cancer, pancreatic cancer, appendix
cancer, breast cancer, ovarian cancer; cervical cancer, pros-
tate cancer, renal cancer(e.g., renal cell carcinoma), cancer of
the central nervous system, glioblastoma, skin cancer, lym-
phomas, choriocarcinomas, head and neck cancers, osteo-
genic sarcomas, and blood cancers. Non-limiting examples of
specific types of liver cancer include hepatocellular carci-
noma (HCC), secondary liver cancer(e.g., caused by metasta-
sis of some other non-liver cancer cell type), and hepatoblas-
toma. As used herein, a “tumor” comprises one or more
cancerouscells.

 Il. Description of the Embodiments

The present invention provides novel, serum-stable lipid
particles comprising one or moreactive agents or therapeutic
agents, methods ofmakingthe lipid particles, and methods of
delivering and/or administering the lipid particles (e.g., for
the treatment of a disease or disorder).

In one aspect, the present invention provideslipid particles
comprising: (a) one or more active agents or therapeutic
agents; (b) one or more cationic lipids comprising from about
50 mol % to about 85 mol %ofthetotal lipid present in the
particle; (c) one or more non-cationic lipids comprising from
about 13 mol %to about 49.5 mol %ofthe total lipid present
in the particle; and (d) one or more conjugated lipids that
inhibit aggregation of particles comprising from about 0.5
mol % to about 2 mol % of the total lipid present in the
particle.

In certain embodiments, the active agent or therapeutic
agent is fully encapsulated within the lipid portion ofthe lipid
particle suchthat the active agent or therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation, e.g., by a nuclease or protease. In certain other
embodiments, the lipid particles are substantially non-toxic
to mammals such as humans.

Insome embodiments, the active agentor therapeutic agent
comprises a nucleic acid. In certain instances, the nucleic acid
comprises an interfering RNA molecule such as, e.g., an
siRNA, aiRNA, miRNA,or mixtures thereof. In certain other
instances, the nucleic acid comprises single-stranded or
double-stranded DNA, RNA, ora DNA/RNAhybrid suchas,
&.g., an antisense oligonucleotide, a ribozyme, a plasmid, an
immunostimulatory oligonucleotide, or mixtures thereof.

In other embodiments, the active agentor therapeutic agent
coniprises a peptide or polypeptide. In certain instances, the
peptide or polypeptide comprises an antibodysuchas, e.g., a
polyclonal antibody, a monoclonal antibody, an antibody
fragment; a humanized antibody, a recombinant antibody, a
recombinant human antibody, a Primatized™ antibody, or
mixtures thereof. In certain other instances, the peptide or
polypeptide comprises a cytokine, a growthfactor, an apop-
totic factor, a differentiation-inducing factor, a cell-surface
receptor, a ligand, a hormone, a small molecule (e.g., small
organic molecule or compound), or mixtures thereof.

In preferred embodiments, the active agent or therapeutic
agent comprises an siRNA. In one embodiment, the siRNA
molecule comprises a double-stranded region of about [5 to
about 60 nucleotides in length (e.g., about 15-60, 15-50,
15-40, 15-30, 15-25, or 19-25 nucleotides in length, or 15, 16,
17, 18,19, 20, 21, 22, 23, 24, or 25 nucleotides in length). The
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siRNA molecules ofthe invention are capable ofsilencing the
expression of a target sequencein vitro and/or in vivo.

In some embodiments, the siRNA molecule comprises al
least one modified nucleotide. In certain preferred embodi-
ments, the siRNA molecule comprises one, two, three, four,
five, six, seven, eight, nine, ten, or more modified nucleotides
in the double-stranded region.In certain instances, the siRNA
comprises from about 1%to about 100%(e.g., about 1%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%)
modified nucleotides in the double-stranded region. In pre-
ferred embodiments, less than about 25% (e.g., less than
about 25%, 20%, 15%, 10%, or 5%) or from about 1% to
about 25% (e.g., from about 1%-25%, 5%-25%, 10%-25%,
15%-25%, 20%-25%, or 10%-20%) of the nucleotides in the
double-stranded region comprise modified nucleotides.

In other embodiments, the siRNA molecule comprises
modified nucleotides including, but not limited to, 2'-O-me-
thyl (2'OMe) nucleotides, 2'-deoxy-2'-fluoro(2'F) nucle-
otides, 2'-deoxy nucleotides, 2'-O-(2-methoxyethyl) (MOE)
nucleotides, locked nucleic acid (LNA) nucleotides, and mix-
tures thereof. In preferred embodiments, the siRNA com-
prises 2'OMenucleotides (e.g., 2’;0Mepurine and/or pyrimi-
dine nucleotides) such as, for example, 2'}OMe-guanosine
nucleotides, 2'OMe-uridine nucleotides, 2'0Me-adenosine
nucleotides, 2'OMe-cytosine nucleotides, and mixtures
thereof. In certain instances, the siRNA does not comprise
2'OMe-cytosine nucleotides. In other embodiments, the
siRNA comprises a hairpin loop structure.

The siRNA may comprise modified nucleotides in one
strand(i.e., sense or antisense) or both strands of the double-
stranded region of the siRNA molecule. Preferably, uridine
and/or guanosine nucleotides are modified at selective posi-
tionsin the double-stranded regionofthe siRNA duplex. With
regard to uridine nucleotide modifications, at least one, two,
three, four, five, six, or more ofthe uridine nucleotidesin the
sense and/orantisense strand can be a modified uridine nucle-
otide such as a 2'OMe-uridine nucleotide. In some embodi-

ments, every uridine nucleotide in the sense and/or antisense
strand is a 2'OMe-uridine nucleotide. With regard to gua-
nosine nucleotide modifications, at least one, two, three, four,
five, six, or more of the guanosine nucleotides in the sense
and/or antisense strand can be a modified guanosine nucle-
otide such as a 2'OMe-guanosine nucleotide. In some
embodiments, every guanosine nucleotide in the sense and/or
antisense strand is a 2’Me-guanosine nucleotide.

In certain embodiments, at least one, two, three, four, five,
six, seven, or more 5'-GU-3' motifs in an siRNA sequence
may be modified, e.g., by introducing mismatches to elimi-
nate the 5'-GU-3' motifs and/or by introducing modified
nucleotides such as 2'OMenucleotides. The 5'-GU-3' motif

can bein the sensestrand, the antisense strand, or both strands
ofthe siRNA sequence. The 5'-GU-3' motifs may be adjacent
to each other or, alternatively, they may be separated by 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more nucleotides.

In some preferred embodiments, a modified siRNA mol-
ecule is less immunostimulatory than a corresponding
unmodified siRNA sequence. In such embodiments, the
modified siRNA molecule with reduced immunostimulatory
properties advantageously retains RNAi activity against the
target sequence. In another embodiment, the immunostimu-
latory properties of the modified siRNA molecule and its
ability to silence target gene expression can be balanced or
optimized by the introduction of minimal and selective
2'0Me modifications within the siRNA sequence such as,
e.g., within the double-stranded region of the siRNA duplex.
In certain instances, the modified siRNAis at least about 5%,
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10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100%less immunv-
stimulatory than the corresponding unmodified siRNA.It will
be readily apparent to those of skill in the art that the immu-
nostimulatory properties of the modified siRNA molecule
and the corresponding unmodified siRNA molecule can be
determined by, for example, measuring INF-c and/or IL-6
levels from about two to about twelve hours after systemic
administration in a mammalortransfection of a mammalian

respondercell using an appropriate lipid-based delivery sys-
tem (such as the SNALP delivery system disclosed herein).

In certain embodiments, a modified siRNA molecule has
anIC,, (1.e., half-maximalinhibitory concentration)less than
or equal to ten-fold that of the corresponding unmodified
siRNA(..e., the modified siRNA has an IC, thatis less than
or equal to ten-times the IC., of the corresponding unmodi-
fied siRNA). In other embodiments, the modified siRNA has
an IC., less than or equal to three-fold that ofthe correspond-
ing unmodified siRNA sequence. In yet other embodiments,
the modified siRNA has an IC,less than or equalto two-fold
that of the corresponding unmodified siRNA. It will be
readily apparentto thoseofskill in the art that a dose-response
curve can be generated and the IC,, values for the modified
siRNA and the corresponding unmoditied siRNA can be
readily determined using methods knownto those of skill in
the art.

Jn yet another embodiment, a modified siRNA molecule is
capable ofsilencing at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 100%ofthe expression ofthetarget
sequence relative to the corresponding unmodified siRNA
sequence.

In some embodiments, the siRNA molecule does not com-
prise phosphate backbone modifications, e.g., in the sense
and/or antisense strand of the double-stranded region. In
other embodiments, the siRNA comprises one, two, three,
four, or more phosphate backbone modifications, e.g., in the
sense and/or antisense strand of the double-stranded region.
In preferred embodiments, the siRNA does not comprise
phosphate backbone modifications.

In further embodiments, the siRNA does not comprise
2'-deoxy nucleotides,e.g., inthe sense and/or antisense strand
of the double-stranded region. In yet further embodiments,
the siRNA comprises one, two, three, four, or more 2'-deoxy
nucleotides, e.g., in the sense and/or antisense strand of the
double-stranded region. In preferred embodiments, the
siRNA does not comprise 2'-deoxy nucleotides.

In certain instances, the nucleotide at the 3'-end ofthe
double-stranded region in the sense and/or antisense strandis
not a modified nucleotide. In certain cther instances, the

nucleotides near the 3'-end (e.g., within one, two, three, or
four nucleotides of the 3'-end) of the double-stranded region
in the sense and/orantisense strand are not modified nucle-
otides.

The siRNA molecules described herein may have 3' over-
hangsofone, two, three, four, or more nucleotides on one or
both sides of the double-stranded region, or may lack over-
hangs (.e., have blunt ends) on one or both sides of the
double-stranded region. Preferably, the siRNA has 3' over-
hangs of two nucleotides on eachside of the double-stranded
region. In certain instances, the 3' overhang on the antisense
strand has complementarity to the target sequence andthe 3'
overhang on the sense strand has complementarity to a
complementarystrandofthe target sequence. Alternatively,
the 3' overhangs do not have complementarity to the target
sequence or the complementary strand thereof. In some
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embodiments, the 3' overhangs comprise one, two, three,
four, or more nucleotides such as 2'-deoxy(2'H) nucleotides.
In certain preferred embodiments, the 3' overhangs comprise
deoxythymidine (dT) and/or uridine nucleotides. In other
embodiments, one or more of the nucleotides in the 3' over-
hangs on one or both sides of the double-stranded region
comprise modified nucleotides. Non-limiting examples of
modified nucleotides are described above and include 2'0Me

nucleotides, 2'-deoxy-2'F nucleotides, 2'-deoxy nucleotides,
2'-O-2-MOEnucleotides, LNA nucleotides, and mixtures
thereof. In preferred embodiments, one, two, three, four, or
more nucleotides in the 3' overhangs present on the sense
and/or antisense strand of the siRNA comprise 2'0M¢enucle-
otides (e.g., 2'OMe purine and/or pyrimidine nucleotides)
such as, for example, 2?0Me-guanosine nucleotides, 2'OMe-
uridine nucleotides, 2'OMe-adenosine nucleotides, 2'0Me-
cytosine nucleotides, and mixtures thereof.

The siRNA maycomprise atleast one or a cocktail(e.g., at
least two,three, four, five, six, seven, eight, nine, ten, or more)
ofunmodified and/or modified siRNA sequencesthat silence
target gene expression. The cocktail of siRNA may comprise
sequences which are directed to the same region or domain
(e.g., a “hot spot”) and/or to different regions or domains of
one or more target genes. In certain instances, one or more
(e.g., at least two, three, four, five, six, seven, eight, nine, ten,
or more) modified siRNAthat silence target gene expression
are present in a cocktail. In certain other instances, one or
more (e.g., at least two, three, four, five, six, seven, eight,
nine, ten, or more) unmodified siRNA sequencesthatsilence
target gene expression are present in a cocktail.

In some embodiments, the antisense strand of the siRNA
molecule comprises or consists of a sequencethat is at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
complementaryto the target sequence or a portion thereof. In
other embodiments, the antisense strand of the siRNA mol-
ecule comprises or consists of a sequence that is 100%
complementaryto the target sequence oraportion thereof. In
further embodiments, the antisense strand of the siRNA mol-
ecule comprises or consists of a sequence that specifically
hybridizes to the target sequence or a portion thereof.

In further embodiments, the sense strand of the siRNA
molecule comprises or consists of a sequencethat is at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% iden-
tical to the target sequenceora portionthereof. In additional
embodiments, the sense strand of the siRNA molecule com-
prises or consists of a sequencethat is 100%identical to the
target sequenceor a portion thereof.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNA such as siRNA),the cationic lipid
may comprise, e.g., one or more ofthe following: 1,2-dilino-
leyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-dili-
nolenyloxy-N,N-dimethylaminopropane (DLenDMA), 2,2-
dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin-
K-C2-DMA; “XTC2”), 2,2-dilinoleyl-4-(3-
dinethylaminopropy!)-[1,3]-dioxolane (DLin-K-C3-DMA), 5
2,2-dilinoleyl-4-(4-dimethylaminobutyl)-[1,3]-dioxolane
(DLin-K-C4-DMA), 2,2-dilinoleyl-5-dimethylaminom-
ethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MP7Z), 2,2-dili-
noleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-
DMA), 1,2-dilinoleylearbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP), 1,2-dilinoleyoxy-3-
(dimethylamino)acetoxyprepane (DLin-DAC), 1,2-
dilincleyoxy-3-morpholinopropane=(DLin-MA), 1,2-
dilinoleoyl-3-dimethylaminopropane (DLinDAP),=1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA),
1-linoleoyl-2-linoleyloxy-3-dimethylaminopropane (DLin-
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2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.Cl), 1,2-dilinoleoyl-3-trimethy-
laminopropane chloride salt (DLin-TAP.Cl), 1,2-dilinoley-
loxy-3-(N-methylpiperazino)propane (DLin-MP7Z), 3-(N,N-
dilinoleylamino)-1,2-propanediol (DLinAP),  3-(N,N-
dioleylamino)-1,2-propanedio (DOAP), 1,2-dilinoleyloxo-3-
(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA),
N,N-dioleyl-N,N-dimethylammonium chloride (DODAC),
1,2-dioleyloxy-N,N-dimethylaminopropane (DODMA),
1,2-distearyloxy-N,N-dimethylaminopropane (DSDMA),
N-(1-(2,3-dioleyloxy)propy!)-N,N,N-trimethylammonium
chloride (DOTMA), N,N-distearyl-N,N-dimethylammo-
nium bromide (DDAB), N-(1-(2,3-diolcoyloxy)propyl)-N,N,
N-trimethylammonium chloride (DOTAP), 3-(N-(N',N'-dim-
ethylaminoethane)-carbhamoyl)cholesterol (DC-Chol), N-(1,
2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethy]
ammonium bromide (DMRIE), 2,3-dioleyloxy-N-[2(sper-
mine-carboxamido)ethyl]-N,N-dimethyl-1-propanamini-
umtrifluoroacetate (DOSPA), dioctadecylamidoglycyl sper-
mine (DOGS), 3-dimethylamino-2-(cholest-5-en-3-beta-
oxybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy)propane
(CLinDMA), —2-[5*-(cholest-5-cn-3-beta-oxy)-3'-oxapen-
toxy)-3-dimethy]-1-(cis,cis-9",1-2'-octadecadienoxy)pro-
pane (CpLinDMA), N,N-dimethyl-3,4-dioleyloxybenzy-
lamine (DMOBA), 1,2-N,N'-dioleylcarbamyl-3-
dimethylaminopropane (DOcarbDAP), 1,2-N,N'-
dilinoleylcarbamyl-3-dimethylaminopropane
(DLincarbDAP), or mixtures thereof. In certain preferred
embodiments, the cationic lipid is DLinDMA, DLin-K-C2-
DMA (“XTC2”), or mixtures thereof.

The synthesis of cationic lipids such as DLin-K-C2-DMA
(“XTC2”), DLin-K-C3-DMA, DLin-K-C4-DMA,DLin-K6-
DMA,and DLin-K-MPZ,as well as additional cationic lip-
ids, is described in U.S. Provisional Application No. 61/104,
212, filed Oct. 9, 2008, the disclosure of which is herein
incorporated by referencein its entirety for all purposes. The
synthesis ofcationic lipids such as DLin-K-DMA, DLin-C-
DAP, DLin-DAC, DLin-MA, DLinDAP, DLin-S-DMA,
DLin-2-DMAP, DLin-TMA.Cl, DLin-TAP.Cl, DLin-MPZ,
DLinAP, DOAP, and DLin-EG-DMA,as well as additional
cationic lipids, is described in PCT Application No. PCT/
US08/88676, filed Dec. 31, 2008, the disclosure of whichis
herein incorporated by reference in its entirety for all pur-
poses. The synthesis ofcationic lipids such as CLinDMA,as
well as additional cationic lipids, is described in U.S. Patent
Publication No. 20060240554, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses.

In some embodiments, the cationic lipid may comprise
from about 50 mol %to about 90 mol %,from about 50 mol
% to about 85 mol %, from about 50 mel % to about 80 mol
%, from about 50 mol %to about 75 mol %, from about 50
mol %to about 70 mol %, from about 50 mol % to about 65
mol %, or from about 50 mol % to about 60 mol % ofthe total
lipid present in theparticle.

In other embodiments, the cationic lipid may comprise
from about 55 mol % to about 90 mol %,from abeut 55 mol
% to about 85 mol %, from about 55 mol % to about 80 mol
%, from about 55 mol % to about 75 mol %, from about 55
mol %to about 70 mol %, or from about 55 mol % to about 65
mol % ofthe total lipid present in the particle.

In yet other embodiments, the cationic lipid may comprise
from about 60 mol %to about 90 mol %, from about 60 mol
% to about 85 mol %, from about 60 mo! % to about 80 mol
%, from about 60 mol % to about 75 mol %, or from about 60
mol % to about 70 mol % of the total lipid present in the
particle.
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In still yet other embodiments, the cationic lipid may com-
prise from about 65 mol % to about 90 mol %, from about 65
mol %to about 85 mol %, from about 65 mol % to about 80

mol %, or from about 65 mol % to about 75 mol %ofthetotal
lipid present in theparticle.

In further embodiments, the cationic lipid may comprise
from about 70 mol % to about 90 mol %, from about 70 mol
% to about 85 mol %, from about 70 mol %to about 80 mol
%, from about 75 mol % to about 90 mol %, from about 75
mol %to about 85 mol %, or from about 80 mol % to about 90
mol % of thetotal lipid presentin the particle.

In additional embodiments, the cationic lipid may com-
prise (at least) about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,

78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, or 90 mol %(or
any fraction thereofor range therein)ofthe total lipid present
in the particle.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNA such as siRNA), the non-calionic
lipid may comprise, e.g., one or more anionic lipids and/or
neutral lipids. In preferred embodiments, the non-cationic
lipid comprises one of the following neutral lipid compo-
nents: (1) cholesterol or a derivative thereof; (2) a phospho-
lipid; or (3) a mixture of a phospholipid and cholesterol or a
derivative thereof.

Examples of cholesterol derivatives include, but are not
limited to, cholestanol, cholestanone, cholestenone, copros-
tanol, cholesteryl-2'-hydroxyethyl ether, cholesteryl-4'-hy-
droxybuty] ether, and mixtures thereof. The synthesis of cho-
lesteryl-2'-hydroxyethy] ether is described herein.

The phospholipid maybe a neutral lipid including, but not
limited to, dipalmitoylphosphatidylcholine (DPPC), dis-
tearoylphosphatidylcholine (DSPC), dioleoylphosphatidyle-
thanolamine (DOPE), palmitoyloleoyl-phosphatidylcholine
(POPC), palmitoyloleoyl-phosphatidylethanolamine
(POPE), palmitoyloleyol-phosphatidylglycerol (POPG),
dipalmitoyl-phosphatidylethanolamine (DPPE), dimyris-
toyl-phosphatidylethanolamine (DMPE), distearoyl-phos-
phatidylethanolamine (DSPE), monomethy]-phosphatidyle-
thanolamine, dimethyl-phosphatidylethanolamine,
dielaidoyl-phosphatidylethanolamine (DEPE), stearoylo-
leoyl-phosphatidylethanolamine (SOPE), egg phosphatidyl-
choline (EPC), and mixtures thereof. In certain preferred
embodiments, the phospholipid isDPPC, DSPC, or mixtures
thereof.

In some embodiments, the non-cationic lipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol %to about 60 mol %, from about 15 mol %to
about 60 mol %, from about 20 mol % to about 60 mol %,
from about 25 mol % to about 60 mol %, from about 30 mol
% to about 60 mol %, from about 10 mol % to about 55 mol
%, from about 15 mol % to about 55 mol %, from about 20
mol %to about 55 mol %, from about 25 mol % to about 55
mol %, from about 30 mol % to about 55 mol %, from about
13 mol %to about 50 mol %, from about 15 mol % to about
50 mol % or from about 20 mol % to about 50 mol %ofthe

total lipid presentin the particle. When the non-cationic lipid
is amixture ofa phospholipid and cholesterol or a cholesterol
derivative, the mixture may comprise up to about 40, 50, or 60
mol % of the total lipid present in theparticle.

In other embodiments, the non-cationic lipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol % to about 49.5 mol %, from about 13 mol % to
about 49.5 mol %,from about 15 mol % to about 49.5 mol %,
from about 20 mol %to about 49.5 mol %, from about 25 mol
% to about 49.5 mol %, from about 30 mol % to about 49.5
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mol %, from about 35 mol % to about 49.5 mol %, or from
about 40 mol %to about 49.5 mol %ofthe total lipid present
in the particle.

In yet other embodiments, the non-cationiclipid (e.g., one
or more phospholipids and/or cholesterol} may comprise
from about 10 mol % to about 45 mol %,from about 13 mol
% to about 45 mol %, from about 15 mol % to about 45 mol
%, from about 20 mol % to about 45 mol %, from about 25
mol %to about 45 mol %, from about 30 mol % to about 45
mol %, or from about 35 mol %to about 45 mol %ofthetotal
lipid present in theparticle.

Instill yet other embodiments, the non-cationic lipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 40 mol %,from about 13 mol
% to about 40 mol %, from about 15 mol % to about 40 mol
%, from about 20 mol %to about 40 mol %, from about 25
mol %to about 40 mol %,or from about 30 mol % to about 40
mol % ofthe total lipid present in the particle.

In further embodiments, the non-cationiclipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol % to about 35 mol %, from about 13 mol % to
about 35 mol %, from about 15 mol % to about 35 mol %,
from about 20 mol % to about 35 mol %,or from about 25 mol
% to about 35 mol % ofthe total lipid present in the particle.

In yet further embodiments, the non-cationic lipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 30 mol %, from about 13 mol
% to about 30 mol %, from about 15 mol % to about 30 mol
%, from about 20 mol % to about 30 mol %, from about 10
mol % to about 25 mol %, from about 13 mol %to about 25
mol %, or from about 15 mol % to about 25 mol % ofthetotal
lipid present in theparticle.

In additional embodiments, the non-cationic lipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
(at least) about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31,32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,55, 56,
57, 58, 59, or 60 mol %(or any fraction thereof or range
therein) of the total lipid presentin the particle.

In certain preferred embodiments, the non-cationic lipid
comprises cholesterol or a derivative thereof of from about
31.5 mol %to about 42.5 mol % ofthe total lipid present in the
particle. As a non-limiting example, a phospholipid-free lipid
particle ofthe invention may comprise cholesterolor a deriva-
tive thereof at about 37 mol %ofthetotal lipid presentin the
particle. In other preferred embodiments, a phospholipid-tree
lipid particle of the invention may coniprise cholesterol or a
derivative thereofoffrom about 30 mol % to about 45 mol %,
from about 30 mol %to about 40 mol %,from about 30 mol
% to about 35 mol %, from about 35 mol % to about 45 mol
%, from about 40 mol % to about 45 mol %, from about 32
mol %to about 45 mol %, from about 32 mol % to about 42
mol %, from about 32 mol % to about 40 mol %, from about
34 mol % to about 45 mol %, from about 34 mol % to about
42 mol %, from about 34 mol % to about 40 mol %, or about
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, or 45
mol %(or anyfraction thereof or range therein) of the total
lipid present in the particle.

In certain other preferred embodiments, the non-cationic
lipid comprises a mixture of: (i) a phospholipid offrom about
4 mol % to about 10 mol % ofthe total lipid present in the
particle; and (ii) cholesterol or a derivative thereof of from
about 30 mol % to about 40 mol % ofthetotal lipid present in
the particle. As a non-limiting example, a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPCat about 7 mol %and cholesterol at about 34 mol
% of the total lipid present in the particle. In other embodi-
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ments, the non-cationic lipid comprises a mixture of: (i) a
phospholipid of from about 3 mol! % to about 15 mol %, from
about 4 mol % to about 15 mol %, from about 4 mol % to
about 12 mol %, from about 4 mol % to about 10 mol %, from
about 4 mol % to about 8 mol %, from about 5 mol %to about
12 mol %, from about 5 mol % to about 9 mol %, from about
6 mol % to about 12 mol %, from about 6 mol % to about 10
mol %,or about3, 4, 5, 6, 7,8, 9, 10, 11, 12, 13,14, or 15 mol

% (or any fraction thereof or range therein) of the total lipid
present in the particle; and (ii) cholesterol or a derivative
thereofoffrom about 25 mol % to about 45 mol %, from about
30 mol %to about 45 mol %, from about 25 mol % to about
40 mol %, from about 30 mol % to about 40 mol %, from
about 25 mol %to about 35 mol %, from about 30 mol %to
about 35 mol %, from about 35 mol % to about 45 mol %,
from about 40 mol % to about 45 mol %, from about 28 mol
% to about 40 mol %, from about 28 mol % to about 38 mol
%, from about 30 mol % to about 38 mol %, from about 32
mol % to about 36 mol %, or about 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37. 38, 39, 40, 41, 42, 43, 44, or 45 mol %

(or any fraction thereof or range therein) ofthe total lipid
present in theparticle.

In further preferred embodiments, the non-cationic lipid
comprises a mixture of: (1) a phospholipid of from about 10
mol % to about 30 mol %of the total lipid present in the
particle; and (ii) cholesterol or a derivative thereof of from
about 10 mol % to about 30 mol % ofthe total lipid present in
the particle. As a non-limiting example, a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPC at about 20 mol % and cholesterol at about 20 mol
% ofthe total lipid present in the particle. In other embodi-
ments, the non-cationic lipid comprises a mixture of: (i) a
phospholipid offrom about 10 mol %to about 30 mol %, from
about 10 mol %to about 25 mol %, from about 10 mol % to
about 20 mol %, from about 15 mol %to about 30 mol %,
from about 20 mol % to about 30 mol %, from about 15 mol
%to about 25 mol %, from about 12 mol %to about 28 mol
%, from about 14 mol % to about 26 mol %, or about 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, or 30 mol % (or any fraction thereof or range therein) of
the total lipid present in the particle; and (11) cholesterol or a
derivative thereofoffrom about 10 mol % to about 30 mol %,
from about 10 mol %to about 25 mol %, from about 10 mol
%to about 20 mol %, from about 15 mol %to about 30 mol
%, from about 20 mol % to about 30 mol %, from about 15
mol %to about 25 mol %, from about 12 mol % to about 28
mol %, from about 14 mol %to about 26 mol %, or about 10,
11, 12,13, 14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30 mol % (or any fraction thereof or range therein)
ofthe total lipid present in theparticle.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNA such as siRNA), the conjugated
lipid that inhibits aggregation ofparticles may comprise, e.g., 5
one or more of the following: a polyethyleneglycol (PEG)-
lipid conjugate, a polyamide (ATTA)-lipid conjugate, a cat-
ionic-polymer-lipid conjugates (CPLs), or mixtures thereof.
In one preferred embodiment, the nucleic acid-lipid particles
comprise either a PEG-lipid conjugate or anATTA-lipid con-
jugate. In certain embodiments, the PEG-lipid conjugate or
ATTA-lipid conjugate is used together with a CPL. The con-
jugated lipid that inhibits aggregation of particles may com-
prise a PEG-lipid including, e.g., a PEG-diacylglycerol
(DAG), a PEG dialkyloxypropyl (DAA), a PEG-phosphe-
lipid, a PEG-ceramide (Cer), or mixtures thereof. The PUG-
DAA conjugate may be PEG-dilauryloxypropyl (C12), a
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PEG-dimyristyloxypropyl (C14), a PEG-dipalmityloxypro-
pyl (C16), a PEG-distearyloxypropyl (C18), or mixtures
thereof,

Additional PEG-lipid conjugates suitable for use in the
invention include, but are not limited to, mPEG2000-1,2-di-
O-alkyl-sn3-carbomoylglyceride (PEG-C-DOMG). The syn-
thesis ofPEG-C-DOMGis described in PCTApplication No.
PCT/US08/88676, filed Dec. 31, 2008, the disclosure of
whichis herein incorporated by referencein its entiretyforall
purposes. Yet additional PEG-lipid conjugates suitable for
use in the invention include, without limitation, 1-[8'-(1,2-
dimyristoyl-3-propanoxy)-carboxamido-3',6'-dioxaoctany]]
carbamoyl-w-methyl-poly(cthylene glycol) (2 KPEG-
DMG). The synthesis of 2 KPEG-DMGis described in U.S.
Pat. No. 7,404,969, the disclosure of which is herein incor-
porated by referencein its entirety for all purposes.

The PEG moiety of the PEG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 550 daltons to about 10,000 daltons. In certain
instances, the PEG moiety has an average molecular weight
of from about 750 daltons to about 5,000 daltons(e.g., from
about 1,000 daltons to about 5,000 daltons, from about 1,500
daltons to about 3,000 daltons, from about 750 daltons to
about 3,000 daltons, from about 750 daltons to about 2,000
daltons,etc.). In preferred embodiments, the PEG moiety has
an average molecular weight of about 2,000 daltons or about
750 daltons.

In some embodiments, the conjugated lipid that inhibits
aggregation ofparticles isa CPL that has the formula: A-W-Y,
wherein A is a lipid moiety, W is a hydrophilic polymer, and
Y is apolycationic moiety. W may be apolymerselected from
the group consisting of polyethyleneglycol (PEG), polya-
mide, polylactic acid, polyglycolic acid, polylactic acid/
polyglycolic acid copolymers, or combinations thereof, the
polymer having a molecular weight of from about 250 to
about 7000 daltons. In some embodiments, Y has at least 4
positive charges at a selected pH. In some embodiments, Y
maybe lysine, arginine, asparagine, glutamine, derivatives
thereof, or combinations thereof.

In certain instances, the conjugated lipid that inhibits
aggregation of particles (e.g., PEG-lipid conjugate) may
comprise from about 0.1 mol % to about 2 mol %,from about
0.5 mol %to about 2 mol %, from about 1 mol % to about 2
mol %, from about 0.6 mol %to about 1.9 mol %, from about
0.7 mol %to about 1.8 mol %, from about 0.8 mol %to about
1.7 mol %, from about 1 mol % to about 1.8 mol %, from
about 1.2 mol % to about 1.8 mol %, from about 1.2 mol % to
about 1.7 mol %, from about 1.3 mol % to about 1.6 mol %,
from about 1.4 mol %to about 1.5 mol %, or about |, 1.1, 1.2,
1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2 mol %(or any fraction
thereof or range therein) of the total lipid present in the
particle.

In the lipid particles of the invention, the active agent or
therapeutic agent may be fully encapsulated withinthe lipid
portion of the particle, thereby protecting the active agent or
therapeutic agent from enzymatic degradation. In preferred
embodiments, a SNALP comprising a nucleic acid such as an
interfering RNA (e.g., siRNA) is fully encapsulated within
the lipid portion ofthe particle, thereby protecting the nucleic
acid from nuclease degradation. In certain instances, the
nucleic acid in the SNALP1s not substantially degraded after
exposure of the particle to a nuclease at 37° C. for at least
about 20, 30, 45, or 60 minutes. In certain other instances, the
nucleic acid in the SNALPis not substantially degradedafter
incubation ofthe particle in serumat 37° C. for at least about
30, 45, or 60 minutesor at least about 2, 3, 4, 5, 6, 7, 8, 9, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, or 36 hours. In
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other embodiments, the active agent or therapeutic agent
(e.g., nucleic acid such as siRNA)is complexed withthe lipid
portion of the particle. One of the benefits of the formulations
ofthe present inventionis that the lipid particle compositions
are substantially non-toxic to mammals such as humans.

The term “fully encapsulated” indicates that the active
agent or therapeutic agent in the lipid particle is not signifi-
cantly degraded after exposure to serum or a nuclease or
protease assay that would significantly degrade free DNA,
RNA,or protein. In a fully encapsulated system, preferably
less than about 25%ofthe active agent or therapeutic agent in
the particle is degraded in a treatnent that would normally
degrade 100% offree active agent or therapeutic agent, more
preferably less than about 10%, and most preferably less than
about 5% of the active agent or therapeutic agent in the
particle is degraded.In the context ofnucleic acid therapeutic
agents, full encapsulation may be determined by an Oli-
green® assay. Oligreen® is an ultra-sensitive fluorescent
nucleic acid stain for quantitating oligonucleotides and
single-stranded DNA or RNAin solution (available from
Invitrogen Corporation; Carlsbad, Calif.). “Fully encapsu-
lated” also indicates that the lipid particles are scrum-stable,
thatis, that they do not rapidly decomposeinto their compo-
nent parts upon in vivo administration.

In another aspect, the present invention provides a lipid
particle (e.g., SNALP) composition comprisinga plurality of
lipid particles. In preferred embodiments, the active agent or
therapeutic agent (e.g., nucleic acid) is tully encapsulated
within the lipid portion ofthe lipid particles (e.g., SNALP),
suchthat from about 30% to about 100%, from about 40%to
about 100%, from about 50%to about 100%, from about 60%
to about 100%, from about 70% to about 100%, from about
80% to about 100%, from about 90% to about 100%, from
about 30% to about 95%, from about 40% to about 95%, from
about 50% to about 95%, from about 60% to about 95%, %,
from about 70%to about 95%, from about 80% to about 95%,
trom about 85%to about 95%, from about 90% to about 95%,
from about 30%to about 90%, from about 40%to about 90%,
from about 50%to about 90%, from about 60%to about 90%,
from about 70%to about 90%,from about 80% to about 90%,
oratleast about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% (or any fraction thereof or range
therein) ofthe lipid particles (e.g., SNALP) have the active
agent or therapeutic agent encapsulated therein.

‘Typically,the lipid particles (e.g., SNALP) ofthe invention
havea lipid:active agent(e.g., lipid:nucleic acid) ratio (mass/
massratio) of from about 1 to about 100. In someinstances,
the lipid:active agent (e.g., lipid:nucleic acid) ratio (mass/
massratio) ranges from about 1 to about 50, from about 2 to
about 25, from about3 to about 20, from about 4 to about 15,
or from about 5 to about 10. In preferred embodiments, the
lipid particles of the invention havea lipid:active agent(e.g.,
lipid:nucleic acid) ratio (mass/massratio) of from about 5 to
about 15, e.g., about 5, 6,7, 8, 9, 10, 11, 12, 13, 14, or 15 (or 5
any fraction thereof or range therein).

Typically,the lipid particles (e.g., SNALP) ofthe invention
have a mean diameter of from about 40 nm to about 150 nm.

In preferred embodiments, the lipid particles (e.g., SNALP)
ofthe invention have a mean diameter offrom about 40 nm to

about 130 nm, from about 40 nmto about 120 nm, from about
40 nm to about 100 nm, from about 50 nm to about 120 nm,
from about 50 nm to about 100 nm, from about 60 nm to about
120nm,from about 60 nm to about 110 nm, from about 60 nm
to about 100 nm, from about 60 nm to about 90 nm, from
about 60 nm to about 80 nm, from about 70 nm to about 120
nm, from about 70 nm to about 110 nm, from about 70 nm to
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about 100 nm, from about 70 nmto about 90 nm, from about
70 nmto about 80 nm,or less than about 120 nm, 110 nm, 100
nm, 90nm, or 80 nm (or anyfraction thereofor range therein).

In one specific embodimentof the invention, the SNALP
comprises: (a) one or more unmodified and/or modified inter-
fering RNA(e.g., siRNA, aiRNA, miRNA)thatsilence target
gene expression; (b) a cationic lipid comprising from about
56.5 mol % to about 66.5 mol %ofthe total lipid present in the
particle; (c) a non-cationic lipid comprising from about 31.5
mol %to about 42.5 mol %ofthe total lipid present in the
particle; and (d)a conjugatedlipid that inhibits aggregation of
particles comprising, from about 1 mol % to about 2 mol % of
the total lipid present in the particle. This specific embodi-
ment of SNALPis generally referred to herein as the “1:62”
formulation. In a preferred embodiment, the cationic lipid is
DLinDMAorDLin-K-C2-DMA (“XTC2”), the non-cationic
lipid is cholesterol, and the conjugated lipid is a PEG-DAA
conjugate. Although these are preferred embodiments of the
1:62 formulation, those ofskill in the art will appreciate that
othercationic lipids, non-cationic lipids (including other cho-
lesterol derivatives), and conjugated lipids can be used in the
1:62 formulation as described herein.

In another specific embodiment of the invention, the
SNALPcomprises: (a) one or more unmoditied and/or modi-
fied interfering RNA (e.g., siRNA, aiRNA, miRNA) that
silence target gene expression; (b) a cationic lipid comprising
from about 52 mol % to about 62 mol % ofthe total lipid
present in the particle; (c) a non-cationic lipid comprising
from about 36 mol % to about 47 mol % ofthe total lipid
present in the particle; and (d) a conjugatedlipid that inhibits
aggregation of particles comprising from about 1 mol %to
about 2 mol %of the total lipid present in the particle. This
specific embodiment of SNALP is generally referred to
herein as the “1:57” formulation. In one preferred embodi-
ment, the cationic lipid is DLinDMA or DLin-K-C2-DMA
(“XTC2”), the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC)and cholesterol, wherein the phospho-
lipid comprises from about 5 mol %to about 9 mol %ofthe
total lipid present inthe particle (e.g., about 7.1 mol %) and
the cholesterol (or cholesterol derivative) comprises from
about 32 mol % to about 37 mol % ofthe total lipid present in
the particle (e.g., about 34.3 mol %), and the PEG-lipid is a
PEG-DAA(e.g., PEG-cDMA).In another preferred embodi-
ment, the cationic lipid is DLinDMA or DLin-K-C2-DMA
(“XTC2”), the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC) and cholesterol, wherein the phospho-
lipid comprises from about 15 mol % to about 25 mol %ofthe
total lipid presentin the particle (e.g., about 20 mol %) and the
cholesterol (or cholesterol derivative) comprises from about
15 mol % to about 25 mol %ofthetotal lipid present in the
particle (e.g., about 20 mol %), and the PEG-lipid is a PEG-
DAA (e.g., PEG-cDMA). Although these are preferred
embodiments of the 1:57 formulation, those of skill in the art
will appreciate that other cationic lipids, non-cationic lipids
(including other phospholipids and other cholesterol deriva-
tives), and conjugated lipids can be used in the 1:57 formu-
lation as described herein.

In preferred embodiments, the 1:62 SNALP formulation is
a three-component system which is phospholipid-free and
comprises about 1.5 mol % PEG-cDMA (or PEG-cDSA),
about 61.5 mol % DLinDMA (or XTC2), and about 36.9 mol
% cholesterol (or derivative thereof). In other preferred
embodiments, the 1:57 SNALP formulationis a four-compo-
nent system which comprises about 1.4 mol % PEG-cDMA
(or PEG-cDSA), about 57.1 mol % DLinDMA (or XTC2),
about 7.1 mol % DPPC, and about 34.3 mol %cholesterol (or
derivative thereof). In yet other preferred embodiments, the
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1:57 SNALPformulation is a four-component system which
comprises about 1.4 mol % PEG-cDMA (or PEG-cDSA),
about 57.1 mol % DLinDMA (or XTC2), about 20 mol %
DPPC, and about 20 mol % cholesterol (or derivative
thereof). It should be understood that these SNALP formula-
tions are target formulations, and that the amount of lipid
(both cationic and non-cationic) present and the amountof
lipid conjugate present in the SNALP formulations mayvary.

Thepresent invention also provides a pharmaceutical com-
position comprisingalipid particle (e.g., SNALP) described
herein and a pharmaceutically acceptable carrier.

Ina further aspect, the present invention provides a method
for introducing one or more active agents or therapeutic
agents (e.g., nucleic acid) into a cell, comprising contacting
the cell with a lipid particle (e.g., SNAI P) described herein.
In one embodiment,the cell is in a mammal and the mammal
is a human. In another embodiment, the present invention
provides a method for the in vivo delivery of one or more
active agents or therapeutic agents (e.g., nucleic acid), com-
prising administering to a mammalian subjecta lipid particle
(e.g., SNALP) described herein. In a preferred embodiment,
the mode of administration includes, but is not limited to,
oral, intranasal, intravenous, intraperitoneal, intramuscular,
intra-articular, intralesional, intratracheal, subcutaneous. and
intradermal. Preferably, the mammalian subject is a human.

In one embodiment, at least about 5%, 10%, 15%, 20%, or
25% of the total injected dose of the lipid particles (e.g.,
SNALP)is present in plasma about 8, 12, 24, 36, or 48 hours
after injection. In other embodiments, more than about 20%,
30%, 40% and as muchas about 60%, 70%or 80% ofthe total
injected dose ofthe lipid particles (e.g., SNALP) is present in
plasma about 8, 12, 24, 36, or 48 hours after injection. In
certain instances, more than about 10% of a plurality of the
particles is present in the plasma of a mammal about 1 hour
after administration. In certain other instances, the presence
ofthe lipid particles (e.g., SNALP) is detectable at least about
1 hourafter administration ofthe particle. In certain embodi-
ments, the presence of an active agent or therapeutic agent
suchas aninterfering RNA(e.g., sIRNA)is detectable in cells
ofthe lung,liver, tumor,or at a site of inflammation at about
8, 12, 24, 36, 48, 60, 72 or 96 hours after administration. In
other embodiments, downregulation of expression ofa target
sequence by an active agent or therapeutic agent such as an
interfering RNA(e.g., siRNA) is detectable at about 8, 12, 24,
36, 48, 60, 72 or 96 hours after administration. In yet other
embodiments, downregulation of expression of a target
sequence by an active agent or therapeutic agent such as an
interfering RNA(e.g., siRNA) occurs preferentially in tumor
cells or in cells at a site of inflammation. In further embodi-

ments, the presenceoreffect of an active agent or therapeutic
agent suchas an interfering RNA(e.g., sIRNA)in cells at a
site proximalor distal to the site of administration orincells
ofthe lung,liver, or a tumoris detectable at about 12, 24, 48,
72, or 96 hours, or at about6, 8, 10, 12, 14, 16, 18, 19, 20, 22,
24, 26, or 28 days after administration. In additional embodi- 5
ments, the lipid particles (e.g., SNALP) ofthe invention are
administered parenterally or intraperitoneally.

In some embodiments,the lipid particles (e.g., SNALP) of
the inventionare particularly useful in methodsfor the thera-
peutic delivery of one or more nucleic acids comprising an
interfering RNAsequence(e.g., siRNA). Inparticular, itis an
object ofthis invention to provide in vitro and in vivo methods
for treatment ofa disease or disorder in a mammal(e.g., a
rodent such as a mouse or a primate such as a human, chim-
panzee, or monkey) by downregulating or silencing the tran-
scription and/ortranslation of one or more target nucleic acid
sequencesor genes of interest.As a non-limiting example, the
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methods ofthe invention are useful for in vivo delivery of
interfering RNA (e.g., siRNA) to the liver and/or tumor of a
mammalian subject. In certain embodiments, the disease or
disorderis associated with expression and/or overexpression
of a gene and expression or overexpression ofthe gene is
reducedby the interfering RNA (c.g., siRNA). In certain other
embodiments,a therapeutically effective amountofthe lipid
particle (e.g., SNALP) may be administered to the mammal.
In some instances, an interfering RNA(e.g., siRNA)is for-
mulated into a SNALP, and the particles are administered to
patients requiring such treatment. In other instances, cells are
removed froma patient, the interfering RNA (e.g., siRNA)is
delivered in vitro (e.g., using a SNALP described herein), and
the cells are reinjectedinto the patient.

In an additional aspect, the present invention provides lipid
particles (e.g., SNALP) comprising asymmetrical interfering
RNA (aiRNA) molecules that silence the expression of a
target gene and methods of using such particles to silence
largel gene expression.

In one embodiment, the aiRNA molecule comprises a
double-stranded (duplex) region ofabout 10 to about 25 (base
paired) nucleotides in length, wherein the aiRNA molecule
comprises an antisense strand comprising 5' and 3' overhangs,
and wherein the aiRNA molecule is capable of silencing
target gene expression.

In certain instances, the aiRNA molecule comprises a
double-stranded (duplex) region of about 12-20, 12-19,
12-18, 13-17, or 14-17 (base paired) nucleotides in length,
more typically 12, 13, 14, 15, 16, 17, 18, 19, or 20 (base
paired) nucleotides in length. In certainother instances, the 5’
and 3' overhangs on the antisense strand comprise sequences
that are complementary to the target RNA sequence, and may
optionally further comprise nontargeting sequences. In some
embodiments, each ofthe 5' and 3' overhangsonthe antisense
strand comprisesor consists of one, two, three, four, five, six,
seven, or more nucleotides.

In other embodiments, the aiRNA molecule comprises
modified nucleotides selected from the group consisting of
2'OMenucleotides, 2'F nucleotides, 2'-deoxy nucleotides,
2'-O-MOE nucleotides, LNA nucleotides, and mixtures

thereof. In a preferred embodiment, the aiRNA molecule
comprises 2'OMenucleotides. As anon-limiting example, the
2'OMenucleotides may be selected fromthe group consisting
of 2'OMe-guanosine nucleotides, 2'OMe-uridine nucle-
otides, and mixtures thereof.

In a related aspect, the present invention provides lipid
particles (e.g., SNALP) comprising microRNA (miRNA)
molecules that silence the expression of a target gene and
methods of using such compositions to silence target gene
expression.

In one embodiment, the miRNA molecule comprises about
15 to about 60 nucleotides in length, wherein the miRNA
molecule is capable of silencing target gene expression.

In certain instances, themiRNA molecule comprises about
15-50, 15-40, or 15-30 nucleotides in length, more typically
about 15-25 or 19-25 nucleotidesin length, and are preferably
about 20-24, 21-22, or 21-23 nucleotides in length. In a pre-
ferred embodiment, the miRNA molecule is a mature miRNA
molecule targeting an RNA sequenceofinterest.

In some embodiments, the miRNA molecule comprises
modified nucleotides selected from the group consisting of
2'OMe nucleotides, 2'F nucleotides, 2'-deoxy nucleotides,
2'-O-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In a preferred embodiment, the miRNA molecule
comprises 2'OMenucleotides. As anon-limiting example, the
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2'OMenucleotides maybe selected from the group consisting
of 2'OMe-guanosine nucleotides, 2'OMe-uridine nucle-
otides, and mixtures thereof.

Assuch,the lipid particles ofthe invention(e.g., SNALP)
are advantageous and suitable for use in the administration of
active agents or therapeutic agents such as nucleic acid (e.g.,
interfering RNA suchas siRNA, aiRNA,and/or miRNA) toa
subject (e.g., a mammal such as a human) because they are
stable in circulation, of a size required for pharmacodynamic
behavior resulting in access to extravascular sites, and are
capable ofreaching target cell populations.

IV. Active Agents

Active agents (e.g., therapeutic agents) include any mol-
ecule or compoundcapable of exerting a desired effect on a
cell, tissue, organ, or subject. Such effects may be,e.g., bio-
logical, physiological, and/or cosmetic. Active agents may be
any type ofmolecule or compoundincluding, but not limited
to, nucleic acids, peptides, polypeptides, small molecules,
and mixtures thereof. Non-limiting examples ofnucleic acids
include interfering RNA molecules (c.g., siRNA, aiRNA,
miRNA), antisense oligonucleotides, plasmids, ribozymes,
immunostimulatory oligonucleotides, and mixtures thereof.
Examples of peptides or polypeptides include, without limi-
tation, antibodies (e.g., polyclonal antibodies, monoclonal
antibodies, antibody fragments; humanized antibodies,
recombinantantibodies, recombinant humanantibodies, Pri-
matized™antibodies), cytokines, growth factors, apoptotic
factors, differentiation-inducing factors, cell-surface recep-
tors and their ligands, hormones, and mixtures thereof.
Examples of small molecules include, but are not limitedto,
small organic molecules or compounds such as any conven-
tional agent or drug knownto those of skill in theart.

In some embodiments, the active agent is a therapeutic
agent, ora salt or derivative thereof. Therapeutic agent deriva-
tives may be therapeutically active themselvesor they may be
prodrugs, which becomeactive upon further modification.
Thus, in one embodiment, a therapeutic agent derivative
retains someorall of the therapeutic activity as compared to
the unmodified agent, while in another embodiment, a thera-
peutic agent derivative is a prodrug that lacks therapeutic
activity, but becomesactive upon further modification.

A. Nucleic Acids

In certain embodiments, lipid particles of the present
invention are associated with a nucleic acid, resulting in a
nucleic acid-lipid particle (e.g., SNALP). In some embodi-
ments, the nucleic acid is fully encapsulated in the lipid
particle. As usedherein, the term “nucleic acid” includes any
oligonucleotide orpolynucleotide, with fragments containing
up to 60 nucleotides generally termed oligonucleotides, and
longer fragments termed polynucleotides. In particular
embodiments, oligonucleotides of the invention are from
about 15 to about 60 nucleotides in length. Nucleic acid may
be administered alone in the lipid particles ofthe invention, or
in combination (e.g., co-administered) with lipid particles of
the invention comprising peptides, polypeptides, or small
molecules such as conventional drugs.

In the contextofthis invention, the terms “polynucleotide”
and “oligonucleotide” refer to a polymer or oligomer of
nucleotide or nucleoside monomersconsisting of naturally-
occurring bases, sugars and intersugar (backbone) linkages.
The terms “polynucleotide” and “oligonucleotide” also
include polymers or oligomers comprising non-naturally
occurring monomers, or portions thereof, which function
similarly. Such moditied or substituted oligonucleotides are
often preferred over native forms because of properties such
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as, for example, enhanced cellular uptake, reduced immuno-
genicity, and increased stability in the presence ofnucleases.

Oligonucleotides are generally classified as deoxyribooli-
gonucleotides or ribooligonucleotides. A deoxyribooligo-
nucleotide consists of a 5-carbon sugar called deoxyribose
joined covalently to phosphate at the 5' and 3° carbonsofthis
sugar to form an alternating, unbranched polymer. A ribooli-
gonucleotide consists ofa similar repeating structure where
the 5-carbon sugaris ribose.

The nucleic acid that is present in a lipid-nucleic acid
particle according to this invention includes any form of
nucleic acid that is known. The nucleic acids used herein can

be single-stranded DNA or RNA,or double-stranded DNA or
RNA, or DNA-RNA hybrids. Examples of double-stranded
DNAare described herein and include,e.g., structural genes,
genes including control and termination regions, and self-
replicating systems such as viral or plasmid DNA. Examples
of double-stranded RNA are described herein and include,
e.g., SIRNA and other RNAi agents such as aiRNA andpre-
miRNA. Single-stranded nucleic acids include, e.g., anti-
sense oligonucleotides, ribozymes, mature miRNA, andtri-
plex-forming oligonucleotides.

Nucleic acids of the invention may be of various lengths,
generally dependent uponthe particular form ofnucleic acid.
For example, in particular embodiments, plasmids or genes
may be from about 1,000 to about 100,000 nucleotide resi-
dues in length. In particular embodiments, oligonucleotides
may range from about 10 to about 100 nucleotides in length.
In various related embodiments, oligonucleotides, both
single-stranded, double-stranded, and triple-stranded, may
range in length from about 10 to about 60 nucleotides, from
about 15 to about 60 nucleotides, from about 20 to about 50
nucleotides, from about 15 to about 30 nucleotides, or from
about 20 to about 30 nucleotides in length.

In particular embodiments, an oligonucleotide (or a strand
thereof) of the invention specifically hybridizes to or is
complementary to a target polynucleotide sequence. The
terms “specifically hybridizable” and “complementary” as
used herein indicate a sufficient degree of complementarity
suchthat stable and specific binding occurs between the DNA
or RNAtarget andthe oligonucleotide. It is understoodthat an
oligonucleotide need not be 100% complementary to its tar-
get nucleic acid sequenceto be specifically hybridizable. In
preferred embodiments, an oligonucleotide is specifically
hybridizable whenbindingofthe oligonucleotideto the target
sequence interferes with the normal function of the target
sequence to cause a loss ofutility or expression therefrom,
and there is a sufficient degree of complementarity to avoid
non-specific binding of the oligonucleotide to non-target
sequences under conditions in which specific binding is
desired, i.e., under physiological conditions in the case of in
vivo assaysor therapeutic treatment, or, in the case of in vitro
assays, under conditions in which the assays are conducted.
Thus, the oligonucleotide may include 1, 2, 3, or more base
substitutions as compared to the region of a gene or mRNA
sequencethat it is targeting or to whichit specifically hybrid-
izes.

1. siRNA

ThesiRNA componentofthe nucleic acid-lipid particles of
the present inventionis capable of silencing the expression of
a target gene of interest.Each strand of the siRNA duplex is
typically about 15 to about 60 nucleotides in length, prefer-
ably about 15 to about 30 nucleotides in length. In certain
embodiments, the siRNA comprises at least one modified
nucleotide. The modified siRNA is generally less immuno-
stimulatory than a corresponding unmodified siRNA
sequence and retains RNAiactivity against the target gene of
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interest. In some embodiments, the modified siRNA contains
at least one 2'0Mepurine or pyrimidine nucleotide such as a
2'OMe-guanosine, 2'OMe-uridine, 2;0Me-adenosine, and/or
2'OMe-cytosine nucleotide. In preferred embodiments, one
or moreofthe uridine and/or guanosine nucleotides are modi-
fied. The modified nucleotides can be present in one strand
(i.e., sense or antisense) or both strands of the siRNA. The
siRNA sequences may have overhangs (e.g., 3' or 5' over-
hangs as described in Elbashir et al., Genes Dev, 15:188
(2001) or Nykanenet al., Ce/Z, 107:309 (2001)), or maylack
overhangs(1.e., have blunt ends).

The modified siRNA generally comprises from about 1%
to about 100% (e.g., about 1%, 2%, 3%, 4%, 5%, 6%, 7%,
8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%,
29%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100%) modified nucleotides
in the double-stranded region of the siRNA duplex.In certain
embodiments, one, two, three, four, five, six, seven, eight,
nine, ten, or more of the nucleotides in the double-stranded

region of the siRNA comprise modified nucleotides.
In some embodiments, less than about 25%(e.g., less than

about 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%,
16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,

5%, 4%, 3%, 2%, or 1%) of the nucleotides in the double-
stranded region ofthe siRNA comprise modified nucleotides.

In other embodiments, from about 1% to about 25% (e.g.,
from about 1%-25%, 2%-25%, 3%-25%, 4%-25%, 5%-25%,
6%-25%, 7%-25%, 8%-25%, 9%-25%,
11%-25%, 12%-25%, 13%-25%, 14%-25%, 15%-25%,
16%-25%, 17%-25%, 18%-25%, 19%-25%, 20%-25%,

21%-25%, 22%-25%, 23%-25%, 24%-25%, etc.) or from
about 1% to about 20% (e.g., from about 1%-20%, 2%-20%,
3%-20%, 4%-20%, 5%-20%, 6%-20%, 7%-20%, 8%-20%,
9%-20%, 10%-20%, 11%-20%, 12%-20%, 13%-20%, 14%-
20%, 15%-20%, 16%-20%, 17%-20%, 18%-20%,
19%-20%, 1%-19%, 2%-19%, 3%-19%, 4%-19%, 5%-19%,
6%-19%, 7%-19%, 8%-19%, 9%-19%, 10%-19%,
11%-19%, 12%-19%, 13%-19%, 14%-19%, 15%-19%,
16%-19%, 17%-19%, 18%-19%, 1%-18%, 2%-18%,
3%-18%, 4%-18%, 5%-18%, 6%-18%, 7%-18%, 8%-18%,
9%-18%, 10%-18%, 11%-18%, 12%-18%, 13%-18%, 14%-
18%, 15%-18%, 16%-18%, 17%-18%, 1%-17%, 2%-17%,
3%-17%, 4%-17%, 5%-17%, 6%-17%, 7%-17%, 8%-17%,
9%-17%, 10%-17%, 11%-17%, 12%-17%, 13%-17%, 14%-
17%, 15%-17%, 16%-17%, 1%-16%, 2%-16%, 3%-16%,
4%-16%, 5%-16%, 6%-16%, 7%-16%, 8%-16%, 9%-16%,
10%-16%, 11%-16%, 12%-16%, 13%-16%, 14%-16%,
15%-16%, 1%-15%, 2%-15%, 3%-15%, 4%-15%, 5%-15%,
6%-15%, 7%-15%, 8%-15%, 9%-15%, 10%-15%,
11%-15%, 12%-15%, 13%-15%, 14%-15%, etc.) of the
nucleotides in the double-stranded region of the siRNA com-
prise modified nucleotides.

In further embodiments, e.g., when one or both strands of
the siRNAare selectively modified at uridine and/or gua-
nosine nucleotides, the resulting modified siRNA can com-
prise less than about 30% modified nucleotides(e.g., less than
about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%,
11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% modi-
fied nucleotides) or from about 1%to about 30% modified
nucleotides (e.g., from about 1%-30%, 2%-30%, 3%-30%,
4%-30%, 5%-30%, 6%-30%, 7%-30%, 8%-30%, 9%-30%,
10%-30%, 11%-30%, 12%-30%, 13%-30%, 14%-30%,
15%-30%, 16%-30%, 17%-30%, 18%-30%, 19%-30%,
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20%-30%, 21%-30%, 22%-30%, 23%-30%, 24%-30%,
25%-30%, 26%-30%, 27%-30%, 28%-30%, or 29%-30%

modified nucleotides).
a. Selection of siRNA Sequences
Suitable siRNA sequences can be identified using any

means knownin the art. Typically, the methods described in
Elbashiret al., Nature, 411:494-498 (2001) and Elbashir et
al., EMBO J., 20:6877-6888 (2001) are combined with ratio-
nal design rules set forth in Reynoldset al., Nature Biotech.,
22(3):326-330 (2004).

Generally, the nucleotide sequence 3' of the AUGstart
codon of a transcript from the target gene ofinterest is
scanned for dinucleotide sequences(e.g., AA, NA, CC, GG,
or UU, wherein N—C, G, or U) (see, e.g., Elbashir etal.,
EMBO J, 20:6877-6888 (2001)). The nucleotides immedi-
ately 3' to the dinucleotide sequencesare identified as poten-
tial siRNA sequences(1.e., a target sequence ora sense strand
sequence). Typically, the 19, 21, 23, 25, 27, 29, 31, 33, 35, or
more nucleotides immediately 3' to the dinucleotide
sequences are identified as potential siRNA sequences. In
some embodiments, the dinucleotide sequence is an AA or
NAsequenceand the 19 nucleotides immediately 3' to theAA
or NA dinucleotide are identified as potential siRNA
sequences. siRNA sequences are usually spacedat different
positions along the length of the target gene. To further
enhancesilencing efficiency of the siRNA sequences, poten-
tial siRNA sequences maybe analyzed toidentify sites that do
not contain regions of homology to other coding sequences,
e.g., in the target cell or organism. For example, a suitable
siRNA sequence ofabout 21 base pairs typically will not have
more than 16-17 contiguousbasepairs ofhomologyto coding
sequences in the target cell or organism. If the siRNA
sequencesare to be expressed from an RNA PolIII promoter,
siRNA sequences lacking more than 4 contiguous A’s or T’s
are selected.

Once a potential siRNA sequence has been identified, a
complementary sequence(i.e., an antisense strand sequence)
can be designed. A potential siRNA sequence can also be
analyzed using a variety of criteria knownin the art. For
example, to enhance their silencing efficiency, the siRNA
sequences maybe analyzed bya rational design algorithm to
identify sequences that have one or more ofthe following
features: (1) G/Ccontent ofabout 25% to about 60%G/C;(2)
at least 3 A/Usat positions 15-19 of the sense strand; (3) no
internal repeats; (4) anAat position 19 ofthe sense strand;(5)
anA at position 3 of the sense strand; (6) a U at position 10 of
the sense strand; (7) no G/C at position 19 ofthe sensestrand,
and (8) no G at position 13 ofthe sense strand. siRNA design
tools that incorporate algorithmsthat assignsuitable values of
each of these features and are useful for selection of siRNA

can be found at, e.g., boz094.ust-hk/RNAi/siRNA. One of
skill in the art will appreciate that sequences with one or more
of the foregoing characteristics may be selected for further
analysis and testing as potential siRNA sequences.

Additionally, potential siRNA sequences with one or more
ofthe followingcriteria can often be eliminated as siRNA:(1)
sequences comprising a stretch of 4 or more of the same base
in arow;(2) sequences comprising homopolymersofGs(.e.,
to reduce possible non-specific effects due to structural char-
acteristics of these polymers; (3) sequences comprising triple
base motifs (e.g., GGG, CCC, AAA,or TTT); (4) sequences
comprising stretches of 7 or more G/Cs in a row; and (5)
sequences comprising direct repeats of4 cr more bases within
the candidates resulting in internal fold-back structures.
However, oneofskill in the art will appreciate that sequences
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with one or more ofthe foregoing characteristics maystill be
selected for further analysis and testing as potential siRNA
sequences.

In some embodiments, potential siRNA sequences may be
further analyzed based on siRNA duplex asymmetry as
describedin, e.g., Khvorovaet al., Ce//, 115:209-216 (2003);
and Schwarz et al., Ce//, 115:199-208 (2003). In other
embodiments, potential siRNA sequences may be further
analyzed based on secondary structure at the target site as
described in, e.g., Luo et al., Biophys. Res. Commun., 318:
303-310 (2004). For example, secondary structureat the tar-
get site can be modeled using the Mfold algorithm(available
at www.bioinfo.rpi.cdu/applications/mfold/rna/form1 .cgi) to
select sIRNA sequences which favor accessibilityat the target
site where less secondarystructure in the form ofbase-pairing
and stem-loopsis present.

Oncea potential siRNA sequence has been identified, the
sequence can be analyzed for the presence of any immuno-
stimulatory properties, e.g., using an in vitro cytokine assay
or an in vivo animal model. Motifs in the sense and/or anti-

sense strand of the siRNA sequence such as GU-rich motifs
(c.g., 5'-GU-3',5'-UGU-3',5'-GUGU-3',5'-UGUGU-3",_ ete.)
can also provide an indication of whether the sequence may
be immunostimulatory. Once an siRNA molecule is found to
be immunostimulatory, it can then be modified to decrease its
immunostimulatory properties as described herein. As a non-
limiting example, an siRNA sequence can be contacted with
a mammalian respondercell under conditions such that the
cell produces a detectable immune response to determine
whether the siRNA is an immunostimulatory or a non-immu-
nostimulatory siRNA. The mammalian respondercell may be
from a naive manual(i.e., a mammal that has not previously
been in contact with the gene product of the siRNA
sequence). The mammalian responder cell may be, e.g., a
peripheral blood mononuclear cell (PBMC), a macrophage,
andthe like. The detectable immuneresponse may comprise
production ofa cytokine or growth factor such as, e.g., TNF-
a, IFN-o, IFN-B, IFN-y, IL-6, IL-12, or a combination
thereof. An siRNA molecule identified as being immuno-
stimulatory can then be modified to decrease its immuno-
stimulatory properties by replacing at least one of the nucle-
otides on the sense and/or antisense strand with modified

nucleotides. For example, less than about 30% (e.g., less than
about 30%, 25%, 20%, 15%, 10%, or 5%) of the nucleotides
in the double-stranded region of the siRNA duplex can be
replaced with modified nucleotides such as 2'0Me nucle-
otides. The modified siRNA can then be contacted with a

mammalianrespondercell as described above to confirm that
its immunostimulatory properties have been reducedor abro-
gated.

Suitable in vitro assays for detecting an immune response
include, but are not limited to, the double monoclonal anti-
body sandwich immunoassay technique of David et al. (U.S.
Pat. No. 4,376,110); monoclonal-polyclonal antibody sand-
wich assays (Wideetal., in Kirkham and Hunter, eds., Radio-
immunoassay Methods, E. and S. Livingstone, Edinburgh
(1970)); the “Western blot” method ofGordon et al. (U.S.Pat.
No. 4,452,901); immunoprecipitation of labeled ligand
(Brown et al. J Biol Chem., 255:4980-4983 (1980);
enzyme-linked immunosorbent assays (ELISA) as described,
for example, by Raines et al., J. Biol. Chem., 257:5154-5160
(1982); immunocytochemical techniques, including the use
offluorochromes (Brookset al., Clin. Exp. hnmunol., 39:477
(1980)); and. neutralization of activity (Bowen-Popeet al.,
Proc. Natl. Acad. Sci. USA, 81:2396-2400 (1984)). In addi-
tion to the immunoassays described above, a numberofother
immunoassays are available, including those described in
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US.Pat. Nos. 3,817,827; 3,850,752; 3,901,654; 3,935,074;
3,984,533; 3,996,345; 4,034,074; and 4,098,876. The disclo-
sures of these references are herein incorporated by reference
in their entirety for all purposes.

A non-limiting example of an in vivo modelfor detecting
an immune response includes an in vivo mouse cytokine
induction assayas describedin, e.g., Judgeet al., Mol. Ther.
13:494-505 (2006). In certain embodiments, the assay that
can be performedas follows: (1) siRNA can be administered
by standard intravenous injection in thelateral tail vein; (2)
blood can be collected by cardiac puncture about 6 hoursafter
administration and processed as plasina for cytokine analysis;
and (3) cytokines can be quantified using sandwich ELISA
kits according to the manufacturer’s instructions(e.g., mouse
and human IFN-c (PBI. Biomedical; Piscataway, N.J.);
human IL-6 and TNF-a (eBioscience; San Diego, Calif.); and
mouseI[.-6,TNF-o, and IFN-y (BD Biosciences; San Diego,
Calif.)).

Monoclonalantibodies that specifically bind cytokines and
growth factors are commercially available from multiple
sources and can be generated using methods knownintheart
(see, ¢.g., Kohler ct al., Nature, 256: 495-497 (1975) and
Harlow and Lane, ANTIBODIES, A LABORATORY
MANUAL, Cold Spring Harbor Publication, New York
(1999)). Generation of monoclonal antibodies has been pre-
viously described and can be accomplished by any means
knowninthe art (Buhringet al., in Hybridoma, Vol. 10, No. 1,
pp. 77-78 (1991)). In some methods, the monoclonal anti-
body is labeled (e.g., with any composition detectable by
spectroscopic, photochemical, biochemical, electrical, opti-
cal, or chemical means) to facilitate detection.

b. Generating siRNA Molecules
siRNAcanbe provided in several forms including,e.g., as

one or more isolated small-interfering RNA (siRNA)
duplexes, as longer double-stranded RNA (dsRNA), or as
siRNA or dsRNAtranscribed from a transcriptional cassette
in a DNA plasmid. The siRNA sequences may have over-
hangs(e.g., 3' or 5' overhangs as described in Elbashiretal.,
Genes Dev., 15:188 (2001) or Nykanenet al., Ce//, 107:309
(2001), or may lack overhangs(i.e., to have blunt ends).

An RNApopulation can be used to provide long precursor
RNAs,or long precursor RNAsthat have substantial or com-
plete identity to a selected target sequence can be used to
make the siRNA. The RNAscan beisolated from cells or

tissue, synthesized, and/or cloned according to methods well
known to those of skill in the art. The RNA can be a mixed

population (obtained from cells or tissue, transcribed from
cDNA, subtracted, selected, etc.), or can represent a single
target sequence. RNA can be naturally occurring (e.g., iso-
lated from tissue or cell samples), synthesized in vitro(e.g.,
using T7 or SP6 polymerase and PCR products or a cloned
cDNA), or chemically synthesized.

To form a long dsRNA, for synthetic RNAs, the comple-
ment is also transcribed in vitro and hybridized to form a
dsRNA.Ifa naturally occurring RNA populationis used, the
RNAcomplements are also provided(e.g., to form dsRNA
for digestion by E. cofi RNAse HI or Dicer), e.g., by tran-
scribing cDNAscorresponding to the RNA population, or by
using RNA polymerases. The precursor RNAs are then
hybridized to form double stranded RNAsfor digestion. The
dsRNAscanbe directly administered to a subject or can be
digested in vitro prior to administration.

Methodsfor isolating RNA, synthesizing RNA, hybridiz-
ing nucleic acids, making and screening cDNAlibraries, and
performing PCR are well knownin the art (see, ¢.g., Gubler
and Iloffman, Gene, 25:263-269 (1983); Sambrooketal.,
supra; Ausubel et al., supra), as are PCR methods(see, U.S.
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Pat. Nos. 4,683,195 and 4,683,202; PCR Protocols: A Guide
to Methods andApplications(Inniset al., eds, 1990)). Expres-
sion libraries are also well knownto those of skill in theart.

Additional basic texts disclosing the general methods of use
in this invention include Sambrooket al., Molecular Cloning,
A Laboratory Manual (2nd ed. 1989); Kriegler, Gene Trans-
fer and Expression: A Laboratory Manual (1990); and Cur-
rent Protocols in Molecular Biology (Ausubelet al., eds.,
1994). The disclosures of these references are herein incor-
porated by referencein their entirety forall purposes.

Preferably, siRNA are chemically synthesized. The oligo-
nucleotides that comprise the siRNA moleculesofthe inven-
tion can be synthesized using any of a varicty of techniques
knownin the art, such as those described in Usmanet al., J.
Am. Chem. Soc., 109:7845 (1987); Scaringe etal., Nucl. Acids
Res., 18:5433 (1990); Wincott et al., Nucl Acids Res.,
23:2677-2684 (1995); and Wincott et al., Methods Mol. Bio.,
74:59 (1997). The synthesis ofoligonucleotides makes use of
common nucleic acid protecting and coupling groups, such as
dimethoxytrityl at the 5'-end and phosphoramidites at the
3'-end. As a non-limiting example, small scale syntheses can
be conducted on an Applicd Biosystems synthesizer using a
0.2 pmol scale protocol. Alternatively, syntheses at the 0.2
umolscale can be performed on a 96-well plate synthesizer
from Protogene (Palo Alto, Calif.). However, a larger or
smaller scale of synthesis is also within the scope of this
invention. Suitable reagents for oligonucleotide synthesis,
methods for RNA deprotection, and methods for RNA puri-
fication are knownto those ofskill in the art.

siRNA molecules can also be synthesized via a tandem
synthesis technique, wherein both strands are synthesized as
a single continuous oligonucleotide fragment or strand sepa-
rated by a cleavable linker that is subsequently cleaved to
provide separate fragments or strands that hybridize to form
the siRNA duplex. The linker can be a polynucleotide linker
or a non-nucleotide linker. The tandem synthesis of siRNA
canbe readily adapted to both multiwell/multiplate synthesis
platforms as well as large scale synthesis platforms employ-
ing batch reactors, synthesis columns, and the like. Alterna-
tively, siRNA molecules can be assembled from two distinct
oligonucleotides, wherein one oligonucleotide comprises the
sense strand and the other comprises the antisense strand of
the siRNA. For example, each strand can be synthesized
separately and joined together by hybridization or ligation
following synthesis and/or deprotection. In certain other
instances, sikNA molecules can be synthesized as a single
continuous oligonucleotide fragment, where the self-comple-
mentary sense and antisense regions hybridize to form an
siRNAduplex having hairpin secondary structure.

c. Modifying siRNA Sequences
In certain aspects, siRNA molecules comprise a duplex

having twostrands and at least one modified nucleotide in the
double-stranded region, wherein each strand is about 15 to
about60 nucleotides in length. Advantageously, the modified
siRNA is less immunostimulatory than a corresponding §
unmodified siRNA sequence, but retains the capability of
silencing the expression of a target sequence. In preferred
embodiments, the degree of chemical modifications intro-
duced into the siRNA molecule strikes a balance between

reduction or abrogation of the immunostimulatory properties
ofthe siRNAandretention of RNAi activity. As a non-limit-
ing example, an siRNA molecule that targets a gene ofinter-
est can be minimally modified (e.g., less than about 30%,
25%, 20%, 15%, 10%, or 5% modified) at selective uridine
and/or guanosine nucleotides within the siRNA duplex to
eliminate the immuneresponse generated by the siRNA while
retaining its capability to silence target gene expression.
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Examples of modified nucleotides suitable for use in the
invention include,but are notlimited to, ribonucleotides hav-

ing a 2'-O-methy] (2'OMe), 2'-deoxy-2'-fluoro(2'F), 2'-deoxy,
5-C-methyl, 2'-O-(2-methoxyethyl) (MOE),  4'-thio,
2'-amino, or 2'-C-allyl group. Modified nucleotides having a
Northern conformation such as those described in, c.g.,
Saenger, Principles ofNucleic Acid Structure, Springer-Ver-
lag Ed. (1984), are also suitable for use in siRNA molecules.
Such modified nucleotides include, without limitation,

locked nucleic acid (LNA) nucleotides (e.g., 2'-O, 4'-C-me-
thylene-(D-ribofuranosyl) nucleotides), 2'-O-(2-methoxy-
ethyl) (MOB)nucleotides, 2'-methyl-thio-ethy] nucleotides,
2'-deoxy-2'-fluoro(2'F) nucleotides, 2'-deoxy-2'-chloro(2'Cl)
nucleotides, and 2'-azido nucleotides. In certain instances, the
siRNA molecules described herein include one or more

G-clampnucleotides. A G-clampnucleotide refers to a modi-
fied cytosine analog wherein the modifications confer the
ability to hydrogen bond both Watson-Crick and Hoogsteen
faces ofa complementary guanine nucleotide within a duplex
(see, e.g., Lin et al., 2 Am. Chem. Soc., 120:8531-8532
(1998)). In addition, nucleotides having a nucleotide base
analog such as, for example, C-phenyl, C-naphthyl, other
aromatic derivatives, inosine, azole carboxamides. and
nitroazole derivatives such as 3-nitropyrrole, 4-nitroindole,
5-nitroindole, and 6-nitroindole (see, e.g., Loakes, Nucl.
Acids Res., 29:2437-2447 (2001)) can be incorporated into
siRNA molecules.

In certain embodiments, siRNA molecules may further
comprise one or more chemical modifications such as termi-
nal cap moieties, phosphate backbone modifications, and the
like. Examples of terminal cap moieties include, without
limitation, inverted deoxy abasic residues, glyceryl modifi-
cations, 4',5'-methylene nucleotides, 1-(§-D-erythrofurano-
syl) nucleotides, 4'-thio nucleotides, carbocyclic nucleotides,
1,5-anhydrohexitol nucleotides, L-nucleotides, o-nucle-
otides, modified base nucleotides, threo-pentofuranosyl
nucleotides, acyclic 3',4'-seco nucleotides, acyclic 3,4-dihy-
droxybutyl nucleotides, acyclic 3,5-dihydroxypentyl nucle-
otides, 3'-3'-inverted nucleotide moieties, 3'-3'-inverted aba-
sic moieties, 3'-2'-inverted nucleotide moieties, 3'-2'-inverted
abasic moieties, 5'-5'-inverted nucleotide moieties, 5'-5'-in-
verted abasic moieties, 3'-5'-inverted deoxy abasic moieties,
5'-amino-alkyl phosphate, 1,3-diamino-2-propy! phosphate,
3-aminopropyl phosphate, 6-aminohexyl phosphate, 1,2-
aminododecy! phosphate, hydroxypropy! phosphate, 1,4-bu-
tanediol phosphate, 3'-phosphoramidate, 5'-phosphorami-
date, hexylphosphate, aminohexyl phosphate, 3'-phosphate,
5'-amino, 3'-phosphorothioate, 5'-phosphorothioate, phos-
phorodithioate, and bridging or non-bridging methylphos-
phonate or 5'-mercapto moieties (see, e.g., U.S. Pat. No.
5,998,203; Beaucage et al., 7etrahedron 49:1925 (1993)).
Non-limiting examples ofphosphate backbone modifications
(1.e., resulting in modified internucleotide linkages) include
phosphorothioate, phosphorodithioate, methylphosphonate,
phosphotriester, morpholino, amidate, carbamate, carboxym-
ethyl, acetamidate, polyamide, sulfonate, sulfonamide, sulfa-
mate, formacetal, thioformacetal, and alkylsilyl substitutions
(see, e.g., Hunziker et al., Nucleic AcidAnalogues: Synthesis
andProperties, inModern Synthetic Methods, VCH, 331-417
(1995); Mesmaekeret al., Novel Backbone Replacementsfor
Oligonucleotides, in Carbohydrate Modifications in Anti-
sense Research, ACS, 24-39 (1994)). Such chemical modifi-
cations can occur at the 5'-end and/or 3'-end ofthe sense

strand, antisense strand, or both strands ofthe siRNA. The
disclosures of these references are herein incorporated by
reference in their entirety for all purposes.
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In some embodiments, the sense and/or antisense strand of
the siRNA molecule can further comprise a 3'-terminal over-
hang having about 1 to about 4 (e.g., 1, 2, 3, or 4) 2'-deoxy
ribonucleotides and/or any combination of modified and
unmodified nucleotides. Additional examples of modified
nucleotides and types of chemical modifications that can be
introduced into siRNA molecules are described, e.g., in UK
Patent No. GB 2,397,818 B and U.S. Patent Publication Nos.
20040192626, 20050282188, and 20070135372, the disclo-
sures of which are herein incorporated by reference in their
entirety for all purposes.

The siRNA molecules described herein can optionally
comprise one or more non-nucleotides in one or both strands
of the siRNA. As used herein, the term “non-nucleotide”

refers to any group or compoundthat can be incorporated into
a nucleic acid chain in the place of one or more nucleotide
units, including sugar and/or phosphate substitutions, and
allows the remaining bases to exhibit their activity. The group
or compoundis abasicin that it does not contain a commonly
recognized nucleotide base such as adenosine, guanine,
cytosine, uracil, or thymine and therefore lacks a base at the
1'-position.

In other embodiments, chemical modification of the
siRNA comprises attaching a conjugate to the siRNA mol-
ecule. The conjugate can be attachedat the 5' and/or 3'-end of
the sense and/orantisense strand of the siRNA viaa covalent

attachment such as, e.g., a biodegradable linker. The conju-
gate can also be attached to the siRNA,e.g., through a car-
bamate group or other linking group (see, e.g., U.S. Patent
Publication Nos. 20050074771, 20050043219, and
20050158727). In certain instances, the conjugate is a mol-
ecule that facilitates the delivery of the siRNA intoacell.
Examples of conjugate molecules suitable for attachment to
siRNAinclude, without limitation, steroids such as choles-
terol, glycols such as polyethylene glycol (PEG), human
serum albumin (HSA),fatty acids, carotenoids, terpenes, bile
acids, folates (e.g., folic acid, folate analogs and derivatives
thereof), sugars (e.g., galactose, galactosamine, N-acetyl
galactosamine, glucose, mannose, fructose, fucose, etc.),
phospholipids, peptides, ligands for cellular receptors
capable of mediating cellular uptake, and combinations
thereof (see, e.g., U.S. Patent Publication Nos. 20030130186,
20040110296, and 20040249178; U.S. Pat. No. 6,753,423).
Other examples include thelipophilic moiety, vitamin, poly-
mer, peptide, protein, nucleic acid, small molecule, oligosac-
charide, carbohydrate cluster, intercalator, minor groove
binder, cleaving agent, and cross-linking agent conjugate
molecules described in U.S. Patent Publication Nos.

20050119470 and 20050107325. Yet other examples include
the 2'-O-alkyl amine, 2'-O-alkoxyalkyl amine, polyamine,
C5-cationic modified pyrimidine, cationic peptide, guani-
dinium group, amidininiumgroup, cationic amino acid con-
jugate molecules described in U.S. Patent Publication No.
20050153337. Additional examples include the hydrophobic
group, membrane active compound,cell penetrating com- 5
pound, cell targeting signal, interaction modifier, and steric
stabilizer conjugate molecules described in U.S. Patent Pub-
lication No. 20040167090. Further examples include the con-
jugate molecules described in U.S. Patent Publication No.
20050239739. The type of conjugate used and the extent of
conjugation to the siRNA molecule can be evaluated for
improved pharmacokinetic profiles, bioavailability, and/or
stability ofthe siRNA while retaining RNAiactivity. As such,
one skilled in the art can screen siRNA molecules having
various conjugates attached thereto to identify ones having
improved properties and full RNAi activity using any of a
variety of well-known in vitro cell culture or in vivo animal
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models. The disclosures of the above-described patent docu-
ments are herein incorporated by reference in their entirety
for all purposes.

d. Target Genes
The siRNA componentof the nucleic acid-lipid particles

described herein can be used to downregulate or silence the
translation (i.e., expression) of a gene of interest. Genes of
interest include, but are not limited to, genes associated with
viral infection and survival, genes associated with metabolic
diseases and disorders (e.g., liver diseases and disorders),
genes associated with tumorigenesis and cell transformation
(e.g., Cancer), angiogenic genes, immunomodulator genes
such as those associated with inflammatory and autoimmune
responses, ligand receptor genes, and genes associated with
neurodegenerative disorders.

Genesassociated with viral infection and survival include

those expressed by a virusin orderto bind, enter, and replicate
in a cell. Ofparticular interest are viral sequences associated
with chronic viral diseases. Viral sequences ofparticular
interest include sequences of Filoviruses such as Ebola virus
and Marburg virus(see, e.g., Geisbert et al., J. Infect. Dis.,
193:1650-1657 (2006)); Arenaviruses such as Lassa virus,
Junin virus, Machupo virus, Guanarito virus, and Sabia virus
(Buchmeieret al., Arenaviridae: the viruses and their repli-
cation, In: Freips VircLoay, Knipeet al. (eds.), 4th ed., Lip-
pincott-Raven, Philadelphia, (2001)); Influenza viruses such
as Influenza A, B, and C viruses, (see, e.g., Steinhaueretal.,
Annu Rev Genet., 36:305-332 (2002); and Neumann et al., /
Gen Virol., 83:2635-2662 (2002)); Hepatitis viruses(see,e.g.,
Hamasaki et al., FEBS Lett, 543:51 (2003); Yokota et al.,
EMBO Rep., 4:602 (2003); Schlomai et al., Hepatology,
37:764 (2003); Wilson et al., Proc. Nail. Acad. Sci. USA,
100:2783 (2003); Kapadia et al., Proc. Natl. Acad. Sci. USA,
100:2014 (2003); and FIELDS VIROLOGY, Knipe et al.
(eds.), 4th ed., Lippincott-Raven, Philadelphia (2001));
Human Immunodeficiency Virus (HIV) (Banerjea et al., Mol.
Ther., 8:62 (2003); Song et al., J. Virol, 77:7174 (2003);
Stephenson, JAMA, 289:1494 (2003); Qin et al., Proc. Natl.
Acad. Sci. USA, 100:183 (2003)); Herpes viruses (Jia et al., J.
Virol., 77:3301 (2003)), and Human Papilloma Viruses
(HPV) (Hall et al., J. Virol, 77:6066 (2003); Jiang etal.,
Oncogene, 21:6041 (2002)).

Exemplary Filovirus nucleic acid sequences that can be
silenced include, but are not limited to, nucleic acid
sequences encoding structural proteins (e.g., VWP30, VP35,
nucleoprotein (NP), polymerase protein (L-pol)) and mem-
brane-associated proteins (e.g., VP40, glycoprotein (GP),
VP24). Complete genome sequences for Ebola virus are set
forth in, eg., Genbank Accession Nos. NC_002549;
AY769362; NC_006432; NC_004161; AY729654;
AY354458; AY142960; AB050936; AF522874; AF499101;
AF272001; and AF086833. Ebola virus VP24 sequences are
set forth in, e.g., Genbank Accession Nos. U77385 and
AY058897. Ebola virus L-pol sequencesareset forth in, e.g.,
Genbank Accession No. X67110. Ebola virus VP40

sequences are set forth in, e.g., Genbank Accession No.
AY058896. Ebola virus NP sequencesare set forthin,e-.g.,
Genbank Accession No. AY058895. Ebola virus GP

sequences are set forth in, e.g., Genbank Accession No.
AY058898; Sanchez et al., Virus Res., 29:215-240 (1993);
Will et al., J Virol, 67:1203-1210 (1993); Volchkovetal.,
FEBS Lett., 305:181-184 (1992); and U.S. Pat. No. 6,713,
069. Additional Ebola virus sequencesare set forth in, e.g.,
Genbank Accession Nos. L11365 and X61274. Complete
genome sequences for Marburg virus are set forth in, e.g.,
Genbank Accession Nos. NC__001608; AY430365;
AY430366; and AY358025. Marburg virus GP sequencesare
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set forth in, e.g, Genbank Accession Nos. AF005734;
AF005733; and AF005732. Marburg virus VP35 sequences
are set forth in, e.g., Genbank Accession Nos. AF005731 and
AF005730. Additional Marburg virus sequencesare set forth
in, eg., Genbank Accession Nos. X64406; 229337;
AF005735; and 712132. Non-limiting examples of siRNA
molecules targeting Ebola virus and Marburg virus nucleic
acid sequences include those described in U.S. Patent Publi-
cation No. 20070135370, the disclosure of which is herein
incorporated by reference in its entirety for all purposes.

Exemplary Influenza virus nucleic acid sequencesthat can
be silenced include, but are not limited to, nucleic acid
sequences encoding nucleoprotein (NP), matrix proteins (M1
and M2), nonstructural proteins (NS1 and NS2), RNA poly-
merase (PA, PB1, PB2), neuraminidase (NA), and haemag-
glutinin (HA). Influenza A NP sequencesareset forth in,e.g.,
Genbank Accession Nos. NC__004522; AY818138;
AB166863; AB188817; AB189046; AB189054; AB189062;
AY646169; AY646177; AY651486; AY651493; AY651494;
AY651495; AY651496; AY651497; AY651498; AY651499;
AY651500; AY651501; AY651502; AY651503; AY651504;
AY651505; AY651506; AY651507; AY651509; AY651528;
AY770996; AY790308; AY818138; and AY818140. Influ-
enza A PA sequencesare setforth in, e.g., GenbankAccession
Nos. AY818132; AY790280; AY646171; AY818132;
AY818133; AY646179; AY818134; AY551934; AY651613;
AY651610; AY651620; AY651617; AY651600; AY651611;
AY651606; AY651618; AY651608; AY651607; AY 651605;
AY651609; AY651615; AY651616; AY651640; AY651614;
AY651612; AY651621; AY651619; AY770995; and
AY724786. Non-limiting examples of siRNA moleculestar-
geting Influenza virus nucleic acid sequences include those
described in U.S. Patent Publication No. 20070218122, the
disclosure of which is herein incorporated by reference inits
entirety for all purposes.

Exemplary hepatitis virus nucleic acid sequences that can
be silenced include, but are not limited to, nucleic acid
sequencesinvolvedin transcription andtranslation (e.g., En1,
En2, X, P) and nucleic acid sequences encoding structural
proteins (e.g., core proteins including C and C-related pro-
teins, capsid and envelope proteins including S, M, and/or L
proteins, or fragments thereof) (see, e.g., Frets ViroLocy,
supra). Exemplary Hepatits C virus (HCV) nucleic acid
sequencesthat can be silenced include, but are notlimited to,
the 5'-untranslated region (5'-UTR), the 3'-untranslated
region (3'-U'TR), the polyprotein translation initiation codon
region, the internal ribosome entry site RES) sequence,
and/or nucleic acid sequences encoding the core protein, the
E1 protein, the E2 protein, the p7 protein, the NS2protein, the
NS3protease/helicase, the NS4A protein, the NS4Bprotein,
the NSS5A protein, and/or the NS5B RNA-dependent RNA
polymerase. HCV genome sequencesare set forth in, e.g.,
Genbank Accession Nos. NC__004102 (HCV genotype 1a),
AJ238799 (HCVgenotype 1b), NC__009823 (HCVgenotype
2), NC__009824 (HCV genotype 3), NC_009825 (HCV
genotype 4), NC_009826 (HCV genotype 5), and
NC__009827 (HCVgenotype 6). Hepatitis A virus nucleic
acid sequencesare set forth in, e.g., Genbank Accession No.
NC__001489; Hepatitis B virus nucleic acid sequencesare set
forth in, e.g., GenbankAccession No.NC 003977; Hepatitis
D virus nucleic acid sequenceare set forth in, e.g., Genbank
Accession No. NC_001653; Hepatitis E virus nucleic acid
sequences are set forth in, e.g., Genbank Accession No.
NC__001434; and Hepatitis G virus nucleic acid sequences
are set forth in, e.g., Genbank Accession No. NC__001710.
Silencing of sequences that encode genes associated with
viral infection and survival can conveniently be used in com-
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bination with the administration of conventional agents used
to treat the viral condition. Non-limiting examples of siRNA
molecules targeting hepatitis virus nucleic acid sequences
include those described in U.S. Patent Publication Nos.

20060281175, 20050058982, and 20070149470; U.S. Pat.
No. 7,348,314; and U.S. Provisional Application No. 61/162,
127, filed Mar. 20, 2009, the disclosures of whichare herein
incorporated by reference in their entirety for all purposes.

Genes associated with metabolic diseases and disorders

(e.g., disorders in which the liver is the target and liver dis-
eases and disorders) include, for example, genes expressed in
dyslipidemia (e.g., liver X receptors such as LXRa and
LXRB (Genback Accession No. NM__007121), farnesoid X
receptors (FXR) (Genbank Accession No. NM_005123),
sterol-regulatory element binding protein (SREBP), site-1
protease (SIP), 3-hydroxy-3-methylglutaryl coenzyme-A
reductase (HMG coenzyme-A reductase), apolipoprotein B
(ApoB) (GenbankAccession No. NM___000384), apolipopro-
tein CII (ApoC3) (Genbank Accession Nos. NM__000040
and NG__008949 REGION:5001.8164), and apolipoprotein
E (ApoE) (Genbank Accession Nos. NM_000041 and
NG_007084 REGION:5001.8612)); and diabetes(c.g., glu-
cose 6-phosphatase) (see, e.g., Forman et al., Cell, 81:687
(1995); Seol et al., Mol. Endocrinol. 9:72 (1995), Zavackiet
al., Proc. Natl. Acad. Sci. USA, 94:7909 (1997); Sakaiet al.,
Cell, 85:1037-1046 (1996); Duncanet al., J Biol. Chem.,
272:12778-12785 (1997); Willy et al., Genes Dev, 9:1033-
1045 (1995); Lehmann et al., 4. Biol. Chem., 272:3137-3140
(1997); Janowskiet al., Nature, 383:728-731 (1996); and Peet
et al., Cell, 93:693-704 (1998)). One of skill in the art will
appreciate that genes associated with metabolic diseases and
disorders (e.g., diseases and disorders in whichtheliver is a
target and liver diseases and disorders) include genesthat are
expressed in the liver itself as well as and genes expressed in
other organs andtissues. Silencing of sequences that encode
genes associated with metabolic diseases and disorders can
conveniently be used in combination with the administration
of conventional agents usedto treat the disease or disorder.
Non-limiting examples of siRNA molecules targeting the
ApoBgeneinclude those described in U.S. Patent Publication
No. 20060134189, the disclosure ofwhich is herein incorpo-
rated byreferencein its entirety for all purposes. Non-limit-
ing examples of siRNA molecules targeting theApoC3 gene
include those described in U.S. Provisional Application No.
61/147,235, filed Jan. 26, 2009, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses.

Examples of gene sequences associated with tumorigen-
esis and cell transformation (e.g., cancer or other neoplasia)
include mitotic kinesins such as Eg5 (KSP, KIF11; Genbank
Accession No. NM_004523); serine/threonine kinases such
as polo-like kinase 1 (PLK-1) (Genbank Accession No.
NM__.005030; Barr et al., Nat. Rev. Mol. Cell Biol., 5:429-440
(2004)); tyrosine kinases such as WEE] (GenbankAccession
Nos. NM_003390 and NM_001143976); inhibitors of apo-
ptosis such as XLAP (GenbankAccession No. NM_001167);
COPSsignalosome subunits such as CSN1, CSN2, CSN3,
CSN4, CSN5 (JAB1; Genbank Accession No.
NM__006837); CSN6, CSN7A, CSN7B, and CSN8; ubiq-
uitin ligases such as COPT (RFWD2; Genbank Accession
Nos. NM_022457 and NM_001001740); and histone
deacetylases such as HDAC1, HDAC2 (Genbank Accession
No. NM_001527), HDAC3, HDAC4, HDAC5, HDAC6,
HDAC7, HDAC8, HDAC9, etc. Non-limiting examples of
siRNA molecules targeting the Eg5 and XIAP genes include
those described in U.S. patent application Ser. No. 11/807,
872, filed May 29, 2007, the disclosure of which is herein
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incorporated by reference in its entirety for all purposes.
Non-limiting examples of siRNA molecules targeting the
PLK-1 gene include those described in U.S. Patent Publica-
tion Nos. 20050107316 and 20070265438; and U.S. patent
application Ser. No. 12/343,342, filed Dec. 23, 2008, the
disclosures of which are herein incorporated by reference in
their entirety for all purposes. Non-limiting examples of
siRNA molecules targeting the CSN5 gene include those
described in U.S. Provisional Application Na. 61/045,251,
filed Apr. 15, 2008, the disclosure of whichis herein incor-
porated by referencein its entirety for all purposes.

Additional examples of gene sequences associated. with
tumorigenesis and cell transformation includetranslocation
sequences such as MLL fusion genes, BCR-ABL (Wilda et
al., Oncogene, 21:5716 (2002); Scherr etal., Blood, 101:1566
(2003)), TEL-AML1, EWS-FLI1. TLS-FUS, PAX3-FKHR,
BCL-2, AML1-ETO, andAML1-MTG8 (Heidenreichet al.,
Blood, 101:3157 (2003)); overexpressed sequences such as
multidrug resistance genes (Nieth et al., FEBS Lett., 545:144
(2003); Wuet al, Cancer Res. 63:1515 (2003)), cyclins (Liet
al., Cancer Res., 63:3593 (2003); Zou ct al., Genes Dev,
16:2923 (2002)), beta-catenin (Verma et al., Clin Cancer
Res., 9:1291 (2003)), telomerase genes (Koscioleket al., Mol
Cancer Ther., 2:209 (2003)), c-MYC, N-MYC, BCL-2,
growth factor receptors (e.g., EGFR/ErbB1 (GenbankAcces-
sion Nos. NM_005228, NM_201282, NM_201283, and
NM__201284; see also, Nagyet al. Axp. Cell Res., 285:39-49
(2003), ErbB2/HER-2 (Genbank Accession Nos.
NM_004448 and NM_001005862), ErbB3 (Genbank
Accession Nos. NM__001982 and NM__001005915), and
ErbB4 (Genbank Accession Nos. NM__005235 and
NM_001042599); and mutated sequences such as RAS(re-
viewed in Tuschl and Borkhardt, Mol. Interventions, 2:158
(2002)). Non-limiting examples of siRNA molecules target-
ing the EGFR gene include those described in U.S. patent
application Ser. No. 11/807,872, filed May 29, 2007, the
disclosure of which is herein incorporated by reference in its
entirety for all purposes.

Silencing of sequences that encode DNArepair enzymes
find use in combination with the administration of chemo-

therapeutic agents (Collis et al., Cancer Res., 63:1550
(2003)). Genes encoding proteins associated with tumor
migration are also target sequencesof interest, for example,
integrins, selectins, and metalloproteinases. The foregoing
examples are not exclusive. Those of skill in the art will
understand that any whole or partial gene sequencethatfacili-
tates or promotes tumorigenesis or cell transformation, tumor
growth, or tumor migration can be included as a template
sequence.

Angiogenic genesare able to promote the formation ofnew
vessels. Of particular interest is vascular endothelial growth
factor (VEGF) (Reich et al., Mol. Vis., 9:210 (2003)) or
VEGEFR. siRNA sequencesthat targetVEGFRareset forth in,
e.g., GB 2396864; U.S. Patent Publication No. 20040142895; 5
and CA 2456444, the disclosures of which are herein incor-
porated byreference in their entirety for all purposes.

Anti-angiogenic genes are able to inhibit neovasculariza-
tion. These genesare particularly useful for treating those
cancers in which angiogenesis plays a role in the pathological
development of the disease. Examples of anti-angiogenic
genes include, but are not limited to, endostatin (see, e.g.,
US. Pat. No. 6,174,861), angiostatin (see, e.g., U.S. Pat. No.
5,639,725), and VEGFR2 (see, e.g., Decaussin et al., J.
Pathol., 188: 369-377 (1999)), the disclosures of which are
herein incorporated by reference in their entirety for all pur-
poses.
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Immunomodulator genes are genes that modulate one or
more immune responses. Examples of immunomodulator
genes include, without limitation, cytokines such as growth
factors (e.g.,TGF-a, TFG-6, EGF, FGF, IGF, NGF, PDGF,
CGF, GM-CSF, SCF, etce.), interleukins (e.g., IL-2, IL-4,
IT.-12 (Hill et al.,.7. Fmmunol., 171:691 (2003)), IT.-15, IT.-18,
IL-20,etc.), interferons (e.g., IFN-a, IFN-B, IFN-y, etc.) and
TNF. Fas and Fas ligand genes are also immunomodulator
target sequences of interest (Song et al., Nat. Med., 9:347
(2003)). Genes encoding secondary signaling molecules in
hematopoietic and lymphoid cells are also included in the
present invention, for example, Tec family kinases such as
Bruton’s tyrosine kinase (Btk) (Heinonenet al., FEBS Lett.,
527:274 (2002)).

Cell receptorligandsincludeligandsthatare able to bind to
cell surface receptors (e.g., insulin receptor, EPO receptor,
G-protein coupled receptors, receptors with tyrosine kinase
activity, cytokine receptors, growth factor receptors, etc.), to
modulate (e.g., inhibit, activate, etc.) the physiological path-
waythat the receptoris involvedin (e.g., glucose level modu-
lation, blood cell development, mitogenesis, etc.). Examples
of cell receptor ligands include, but are not limited to, cytok-
ines, growthfactors, interleukins, interferons, erythropoietin
(EPO), insulin, glucagon, G-protein coupled receptor
ligands, etc. Templates coding for an expansion oftrinucle-
otide repeats (e.g., CAG repeats) find use in silencing patho-
genic sequences in neurodegenerative disorders caused by the
expansion oftrinucleotide repeats, such as spinobulbular
muscular atrophy and Huntington’s Disease (Caplen etal.,
Hum. Mol. Genet., 11:175 (2002)).

In addition to its utility in silencing the expression ofany of
the above-described genes for therapeutic purposes, the
siRNA described herein are also useful in research and devel-

opment applications as well as diagnostic, prophylactic,
prognostic, clinical, and other healthcare applications. As a
non-limiting example, the siRNA can be used in target vali-
dation studies directed at testing whether a gene ofinterest
has the potential to be a therapeutic target. The siRNA can
also be used intarget identification studies aimedat discov-
ering genes as potential therapeutic targets.

2. aiRNA

Like siRNA, asymmetrical interfering RNA (aiRNA) can
recruit the RNA-induced silencing complex (RISC) and lead
to effective silencing ofa variety ofgenes inmammalian cells
by mediating sequence-specific cleavage of the target
sequence between nucleotide 10 and 11 relative to the 5' end
of the antisense strand (Sun et al., Nat. Biotech., 26:1379-
1382 (2008)). Typically, an aiRNA molecule comprises a
short RNA duplex having a sense strand and an antisense
strand, wherein the duplex contains overhangsat the 3' and 5
ends of the antisense strand. The aiRNA is generally asym-
metric because the sense strandis shorter on both ends when

compared to the complementary antisense strand. In some
aspects, aiRNA molecules may be designed, synthesized, and
annealed under conditions similar to those used for siRNA

molecules. As a non-limiting example, aiRNA sequences
may be selected and generated using the methods described
above for selecting siRNA sequences.

In another embodiment, aiRNA duplexes of various
lengths (e.g., about 10-25, 12-20, 12-19, 12-18, 13-17, or
14-17 base pairs, more typically 12, 13, 14, 15, 16, 17, 18, 19,
or base pairs) may be designed with overhangsat the 3' and 5’
ends ofthe antisense strand to target an mRNAofinterest. In
certain instances, the sense strand of the aiRNA molecule is
about 10-25, 12-20, 12-19, 12-18, 13-17, or 14-17 nucle-
otides in length, more typically 12, 13, 14, 15, 16, 17, 18, 19,
or 20 nucleotides in length. In certain other instances, the
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antisense strand of the aiRNA molecule is about 15-60,
15-50, or 15-40 nucleotides in length, more typically about
15-30, 15-25, or 19-25 nucleotidesin length, andis preferably
about 20-24, 21-22, or 21-23 nucleotides in length.

In some embodiments, the 5' antisense overhang contains
one, two, three, four, or more nontargeting nucleotides(e.g.,
“AA”, “UU”, “dTdT”’, etc.). In other embodiments, the 3°
antisense overhang contains one, two, three, four, or more
nontargeting nucleotides(e.g., “AA”, “UU”, “dTdT”,etc.). In
certain aspects, the aiRNA molecules described herein may
comprise one or more modified nucleotides, e.g., in the
double-stranded (duplex) region and/or in the antisense over-
hangs. As a non-limiting cxample, aiRNA scquenees may
comprise one or more of the modified nucleotides described
above for siRNA sequences. In a preferred embodiment, the
aiRNA molecule comprises 2'OMe nucleotides such as, for
example, 2'OMe-guanosine nucleotides, 2'OMe-uridine
nucleotides, or mixtures thereof.

In certain embodiments, aiRNA molecules may comprise
an antisense strand which correspondsto the antisense strand
of an siRNA molecule, e.g., one of the siRNA molecules
described herein. In other embodiments, aiRNA molecules
may be used to silence the expression of any of the target
genes set forth above, such as, e.g., genes associated with
viral infection and survival, genes associated with metabolic
diseases and disorders, genes associated with tumorigenesis
and cell transformation, angiogenic genes, immunomodula-
tor genes such as those associated with intlammatory and
autoimmune responses, ligand receptor genes, and genes
associated with neurodegenerative disorders.

3. miRNA

Generally, microRNAs (miRNA)are single-stranded RNA
molecules of about 21-23 nucleotides in length which regu-
late gene expression. miRNAs are encoded by genes from
whose DNAtheyare transcribed, but miRNAsare nottrans-
lated into protein (non-coding RNA); instead, each primary
transcript (a pri-miRNA) is processed into a short stem-loop
structure called a pre-miRNA andfinally into a functional
mature miRNA. Mature miRNA molecules are either par-
tially or completely complementary to one or more messen-
ger RNA (mRNA) molecules, and their main functionis to
downregulate gene expression. The identification of miRNA
molecules is described, e.g., in Lagos-Quintana et al., Sci-
ence, 294:853-858; Lauet al., Science, 294:858-862; and Lee
et al., Science, 294:862-864.

The genes encoding miRNA are much longer than the
processed mature miRNA molecule. miRNAarefirst tran-
scribed as primarytranscripts or pri-miRNA with a cap and
poly-Atail and processedto short, ~70-nucleotide stem-loop
structures known as pre-miRNAin the cell nucleus. This
processing is performed in animals by a protein complex
known as the Microprocessor complex, consisting of the
nuclease Drosha and the double-stranded RNA binding pro-
tein Pasha (Denliet al., Nature, 432:231-235 (2004)). These
pre-miRNAare then processed to mature miRNAin the cyto-
plasm by interaction with the endonuclease Dicer, which also
initiates the formation of the RNA-induced silencing com-
plex (RISC) (Bernstein et al., Nature, 409:363-366 (2001).
Either the sense strand or antisense strand of DNA can func-

tion as templates to give rise to miRNA.
When Dicer cleaves the pre-miRNA stem-loop, two

complementary short RNA molecules are formed, but only
one is integrated into the RISC complex.This strand is known
as the guide strand and is selected by the argonaute protein,
the catalytically active RNase in the RISC complex, on the
basis of the stability of the 5' end (Preall et al., Curr Biol,
16:530-535 (2006)). The remaining strand, known as the
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anti-guide or passenger strand, is degraded as a RISC com-
plex substrate (Gregory et al., Ce//, 123:631-640 (2005)).
Alter integration into the active RISC complex,miRNAsbase
pair with their complementary mRNA molecules and induce
target mRNA degradation and/ortranslational silencing.

Mammalian miRNA molecules are usually complemen-
tary to a site in the 3' UTRofthe target mRNA sequence. In
certain instances, the annealing of the miRNA to the target
mRNAinhibits protein translation by blocking the protein
translation machinery. In certain other instances, the anneal-
ing of the miRNAto the target mRNAfacilitates the cleavage
and degradation ofthe target mRNA througha process similar
to RNAinterference (RNAi). miRNA mayalso target methy-
lation of genomic sites which correspondto targeted mRNA.
Generally, miRNA function in association with a comple-
mentof proteins collectively termed the miRNP.

In certain aspects, the miRNA molecules described herein
are about 15-100, 15-90, 15-80, 15-75, 15-70, 15-60, 15-50,
or 15-40 nucleotides in length, more typically about 15-30,
15-25, or 19-25 nucleotides in length, and are preferably
about 20-24, 21-22, or 21-23 nucleotides in length. In certain
other aspects, miRNA molecules may comprise one or more
modified nucleotides. As a non-limiting example, miRNA
sequences may comprise one or more of the modified nucle-
otides described above for siRNA sequences. In a preferred
embodiment, the miRNA molecule comprises 2'OMenucle-
otides such as, for example, 2'0Me-guanosine nucleotides,
2'OMe-uridine nucleotides, or mixtures thereof.

In some embodiments, miRNA molecules maybe usedto
silence the expression of any of the target genes set forth
above, such as, e.g., genes associated with viral infection and
survival, genes associated with metabolic diseases and disor-
ders, genes associated with tumorigenesis and cell transfor-
mation, angiogenic genes, immunomodulator genes such as
those associated with inflammatory and autoimmune
responses, ligand receptor genes, and genes associated with
neurodegenerative disorders.

In other embodiments, one or more agents that block the
activity of a miRNA targeting an mRNA of interest are
administered using a lipid particle of the invention (e.g., a
nucleic acid-lipid particle). Examples of blocking agents
include, but are not limited to, steric blocking oligonucle-
otides, locked nucleic acid oligonucleotides, and Morpholino
oligonucleotides. Such blocking agents maybinddirectlyto
themiRNAorto the miRNA bindingsite on the target mRNA.

4. Antisense Oligonucleotides
In one embodiment, the nucleic acid is an antisense oligo-

nucleotide directed to a target gene or sequence of interest.
The terms “antisense oligonucleotide”or “antisense” include
oligonucleotides that are complementary to a targeted poly-
nucleotide sequence. Antisense oligonucleotides are single
strands of DNA or RNAthat are complementary to a chosen
sequence. Antisense RNAoligonucleotides prevent the trans-
lation ofcomplementary RNAstrands by binding to the RNA.
Antisense DNA oligonucleotides can be usedto target a spe-
cific, complementary (coding or non-coding) RNA.If bind-
ing occurs, this DNA/RNAhybrid can be degraded bythe
enzyme RNaseH.Ina particular embodiment, antisenseoli-
gonucleotides comprise from about 10 to about 60 nucle-
otides, more preferably from about 15 to about 30 nucle-
otides. The term also encompasses antisense
oligonucleotides that may not be exactly complementary to
the desired target gene. Thus, the invention can be utilized in
instances where non-target specific-activities are found with
antisense, or where an antisense sequence containing one or
more mismatches with the target sequence is the most pre-
ferred for a particular use.
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Antisense oligonucleotides have been demonstrated to be
effective and targeted inhibitors of protein synthesis, and,
consequently, can be used tv specifically inhibit protein syn-
thesis by a targeted gene. The efficacy of antisense oligo-
nucleotides for inhibiting protein synthesis is well estab-
lished. For example, the synthesis of polygalactauronase and
the muscarine type 2 acetylcholine receptor are inhibited by
antisense oligonucleotides directed to their respective mRNA
sequences (see, U.S. Pat. Nos. 5,739,119 and 5,759,829).
Furthermore, examples of antisense inhibition have been
demonstrated with the nuclear protein cyclin, the multiple
drug, resistance gene (MDR1), ICAM-1, E-selectin, STK-1,
striatal GABAAreceptor, and human EGF(sce, Jaskulski et
al., Science, 240:1544-6 (1988); Vasanthakumar et al., Can-
cer Commun., 1:225-32 (1989); Penis et al., Brain Res Mol
Brain Res., 15; 57:310-20 (1998); and U.S. Pat. Nos. 5,801,
154; 5,789,573; 5,718,709 and 5,610,288). Moreover, anti-
sense constructs have also been describedthatinhibit and can

be usedto treat a variety of abnormal cellular proliferations,
e.g., cancer (see, U.S. Pat. Nos. 5,747,470; 5,591,317; and
5,783,683). The disclosures of these references are herein
incorporated by reference in their entirety for all purposes.

Methods of producing antisense oligonucleotides are
knownin the art and can be readily adapted to produce an
antisense oligonucleotide that targets any polynucleotide
sequence. Selection of antisense oligonucleotide sequences
specific for a given target sequence is based upon analysis of
the chosen target sequence and determination of secondary
structure, T,,,, binding energy, andrelative stability. Antisense
oligonucleotides may be selected based upontheir relative
inability to form dimers, hairpins, or other secondary struc-
tures that would reduce or prohibit specific binding to the
targetmRNA ina host cell. Highly preferred target regions of
the mRNAincludethose regionsat or near the AUGtransla-
tion initiation codon and those sequences that are substan-
tially complementary to 5' regions of themRNA.These sec-
ondary structure analyses and target site selection
considerations can be performed, for example, using v.4 of
the OLIGOprimer analysis software (Molecular Biology
Insights) and/or the BLASTN2.0.5 algorithm software (Alts-
chulet al., Nucleic Acids Res., 25:3389-402 (1997)).

5. Ribozymes
According to another embodimentofthe invention, nucleic

acid-lipid particles are associated with ribozymes.
Ribozymes are RNA-protein complexes having specific cata-
lytic domains that possess endonuclease activity (see, Kim et
al., Proc. Natl. Acad. Sci. USA., 84:8788-92 (1987); and
Forster et a, Ce//, 49:211-20 (1987)). For example, a large
number ofribozymes accelerate phosphoester transfer reac-
tions with a high degreeofspecificity, often cleaving only one
of several phosphoestersin an oligonucleotide substrate (see,
Cechet al., Cell, 27:487-96 (1981); Michel et al., 4 Mol.
Biol., 216:585-610 (1990); Reinhold-Hurek et al., Nature,
357:173-6 (1992)). This specificity has been attributed to the
requirement that the substrate bind via specific base-pairing 5
interactions to the internal guide sequence (“IGS”) of the
ribozymeprior to chemicalreaction.

At least six basic varieties of naturally-occurring enzy-
matic RNA molecules are knownpresently. Each cancatalyze
the hydrolysis of RNA phosphodiester bonds in trans (and
thus can cleave other RNA molecules) under physiological
conditions. In general, enzymatic nucleic acids act by first
binding to a target RNA. Such binding occurs through the
target binding portion of an enzymatic nucleic acid which is
held in close proximity to an enzymatic portion of the mol-
ecule that acts to cleave the target RNA. Thus, the enzymatic
nucleic acid first recognizes and then binds a target RNA
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through complementary base-pairing, and once boundto the
correct site, acts enzymatically to cut the target RNA.Strate-
gic cleavage ofsuch a target RNA will destroyits ability to
direct synthesis of an encoded protein. After an enzymatic
nucleic acid has bound and cleaved its RNA target, it is
released from that RNA to scarch for another target and can
repeatedly bind and cleave newtargets.

The enzymatic nucleic acid molecule may be formed in a
hammerhead, hairpin, hepatitis 5 virus, group I intron or
RNaseP RNA(in association with an RNA guide sequence),
or Neurospora VS RNA motif, for example. Specific
examples of hammerhead motifs are described in, e.g., Rossi
et al., Nucleic Acids Res., 20:4559-65 (1992). Examples of
hairpin motifs are describedin, e.g., EP 0360257, Hampel et
al., Biochemistry, 28:4929-33 (1989); Hampelet al., Nucleic
Acids Res., 18:299-304 (1990); and U.S. Pat. No. 5,631,359.
Anexample ofthe hepatitis 8 virus motif is describedin, e.g.,
Perrotta et al., Biochemistry, 31:11843-52 (1992). An
example of the RNaseP motif is described in, ¢.g., Guerrier-
Takada et al., Ce//, 35:849-57 (1983). Examples of the Neu-
rospora VS RNAribozyme motifis described in, ¢.g., Saville
et al., Cell, 61:685-96 (1990); Saville et al., Proc. Natl. Acad.
Sci. USA, 88:8826-30 (1991); Collins et al., Biochemistry,
32:2795-9 (1993). An example of the Group I intron is
described in, e.g., U.S. Pat. No. 4,987,071. Important char-
acteristics of enzymatic nucleic acid molecules used accord-
ing to the invention are that they have a specitic substrate
binding site which is complementary to one or moreofthe
target gene DNA or RNAregions, and that they have nucle-
otide sequences within or surrounding that substrate binding
site which impart an RNA cleaving activity to the molecule.
Thus, the ribozymeconstructs need not be limited to specific
motifs mentioned herein. The disclosures ofthese references

are herein incorporated by reference in their entirety for all
purposes.

Methods of producing a ribozymetargeted to any poly-
nucleotide sequence are knownin the art. Ribozymes may be
designed as described in, e.g., PCT Publication Nos. WO
93/23569 and WO 94/02595, and synthesizedto be tested in
vitro and/or in vivo as described therein. The disclosures of

these PCT publications are herein incorporated byreference
in their entirety for all purposes.

Ribozymeactivity can be optimizedby altering the length
of the ribozyme binding arms or chemically synthesizing
ribozymes with modifications that prevent their degradation
by serum ribonucleases(see, e.g., PCT Publication Nos. WO
92/07065, WO 93/15187, WO 91/03162, and WO 94/13688;
EP 92110298.4: and U.S. Pat. No. 5,334,711, which describe
various chemical modifications that can be madeto the sugar
moieties of enzymatic RNA molecules, the disclosures of
which are each herein incorporated by reference in their
entirety for all purposes), modifications which enhance their
efficacy in cells, and removal of stem II bases to shorten RNA
synthesis times and reduce chemical requirements.

6. Immunostimulatory Oligonucleotides
Nucleic acids associated with lipid particles of the present

invention may be immunostimulatory, including immuno-
stimulatory oligonucleotides (ISS; single- or double-
stranded) capable of inducing an immune response when
administered to a subject, which may be a mammal such as a
human.ISS include, e.g., certain palindromesleadingto hair-
pin secondarystructures (see, Yamamotoet al., . Immunol.,
148:4072-6 (1992)), or CpG motifs, as well as other known
ISS features (such as multi-G domains; see; PCT Publication
No. WO 96/11266, the disclosure ofwhichis herein incorpo-
rated by referencein its entirety for all purposes).
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Immunostimulatory nucleic acids are considered to be
non-sequence specific when it is not required that they spe-
cifically bind to and reduce the expression of a targel
sequence in order to provoke an immuneresponse. Thus,
certain immunostimulatory nucleic acids may comprise a
sequencecorrespondingto a region of a naturally-occurring
gene or mRNA,but they maystill be considered non-se-
quence specific immunostimulatory nucleic acids.

In one embodiment, the imnmunostimulatory nucleic acid
or oligonucleotide comprises at least one CpGdinucleotide.
The oligonucleotide or CpGdinucleotide may be unmethy-
lated or methylated. In another embodiment, the immuno-
stimulatory nucleic acid comprisesat least one CpG dinucle-
otide having a methylated cytosine. In one embodiment, the
nucleic acid comprises a single CpG dinucleotide, wherein
the cytosine in the CpG dinucleotide is methylated. In an
alternative embodiment, the nucleic acid comprises at least
two CpGdinucleotides, wherein at least one cytosine in the
CpG dinucleotides is methylated. In a further embodiment,
each cytosine in the CpG dinucleotides present in the
sequence is methylated. In another embodiment, the nucleic
acid comprises a plurality of CpG dinucleotides, wherein at
least one of the CpGdinucleotides comprises a methylated
cytosine. Examples of immunostimulatory oligonucleotides
suitable for use in the compositions and methods ofthe
present invention are described in PCT Application No. PCT/
US08/88676,filed Dec. 31, 2008, PCT Publication Nos. WO
02/069369 and WO 01/15726, U.S. Pat. No. 6,406,705, and
Raneyetal., 7. Pharm. Exper. Ther, 298:1 185-92 (2001), the
disclosures of which are each herein incorporated by refer-
ence in their entirety for all purposes. In certain embodi-
ments, the oligonucleotides used in the compositions and
methodsofthe invention have a phosphodiester (“PO”) back-
boneor a phosphorothioate (“PS”) backbone, and/orat least
one methylated cytosine residue in a CpG motif.

B. Other Active Agents
In certain embodiments, the active agent associated with

the lipid particles of the invention may comprise one or more
therapeutic proteins, polypeptides, or small organic mol-
ecules or compounds. Non-limiting examples of such thera-
peutically effective agents or drugs include oncology drugs
(e.g., chemotherapy drugs, hormonal therapeutic agents,
immunotherapeutic agents, radiotherapeutic agents, etc.),
lipid-lowering agents, anti-viral drugs, anti-inflammatory
compounds, antidepressants, stimulants, analgesics, antibiot-
ics, birth control medication, antipyretics, vasodilators, anti-
angiogenics, cytovascular agents, signal transduction inhibi-
tors, cardiovascular drugs such as anti-arrhythmic agents,
hormones, vasoconstrictors, and steroids. These active agents
may be administered alonein the lipid particles of the inven-
tion, or in combination(e¢.g., co-administered) with lipid par-
ticles of the invention comprising nucleic acid such as inter-
fering RNA.

Non-limiting examples of chemotherapy drugs include
platinum-based drugs (e.g., oxaliplatin, cisplatin, carbop!-
atin, spiroplatin, iproplatin, satraplatin, etc.), alkylating
agents (e.g., cyclophosphamide, ifosfamide, chlorambucil,
busultan, melphalan, mechlorethamine, uramustine,
thiotepa, nitrosoureas,etc.), anti-metabolites (e.g., 5-fluorou-
racil (5-FU), azathioprine, methotrexate, leucovorin, capecit-
abine, cytarabine, floxuridine, fludarabine, gemcitabine,
pemetrexed,raltitrexed, etc.), plant alkaloids (e.g., vincris-
tine, vinblastine, vinorelbine, vindesine, podophyllotoxin,
paclitaxel (taxol), docetaxel, etc.), topoisomerase inhibitors
(e.g., irinotecan (CPT-11; Camptosar), topotecan, amsacrine,
etoposide (VP16), etoposide phosphate, teniposide, etc.),
antitumor antibiotics (e.g., doxorubicin, adriamycin, dauno-
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rubicin, epirubicin, actinomycin, bleomycin, mitomycin,
mitoxantrone, plicamycin, etc.), tyrosine kinase inhibitors
(e.g., gefitinib (Iresse), sunitinib (Sultent®; SU11248), erlo-
tinb (Tarceva®, OSI-1774), lapatinib (5W572016,
GW2016), canertinib (CI 1033), semaxinib (SU5416), vata-
lanib (PTK787/7.K222584), sorafenib (BAY 43-9006), ima-
tinib (Gleevec®; STI571), dasatinib (BMS-354825), lefluno-
mide (SU101), vandetanib (Zactima™; 716474), etc.),
pharmaceutically acceptable salts thereof, stereoisomers
thereof, derivatives thereof, analogs thereof, and combina-
tions thereof.

Examples of conventional hormonal therapeutic agents
include, without limitation, steroids (c.g., dexamethasonc),
finasteride, aromatase inhibitors, tamoxifen, and goserelin as
well as other gonadotropin-releasing hormone agonists
(GnRH).

Examples of conventional immunotherapeutic agents
include, but are not limited to, immunostimulants (e.g., Bacil-
lus Calmette-Guerin (BCG), levamisole, interleukin-2,
alpha-interferon, etc.), monoclonal antibodies (e.g., anti-
CD20, anti-HER2, anti-CD52, anti-HLA-DR, and anti-
VEGF monoclonal antibodics), immunotoxins (c.g., anti-
CD33 monoclonal antibody-calicheamicin conjugate, anti-
CD22 monoclonal  antibody-pseudomonas exotoxin
conjugate, etc.), and radioimmunotherapy (e.g., anti-CD20
monoclonal antibody conjugated to '!’In, °°Y, or '*"I,etc.).

Examples ofconventional radiotherapeutic agents include,
butarenot limited to, radionuclides such as *7Sc, “Cu, °’Cu,
8°Sr, Bey. Bry voy 'SRh, ME Ag "1Ty, Imey '49Dm,
938m, L65E9, 7a, 18Re, 188Re,Bat. and, 21231, option-
ally conjugated to antibodies directed against tumorantigens.

Additional oncology drugs that may be used according to
the invention include,but are not limited to, alkeran, allopu-
rinol, altretamine, amifostine, anastrozole, araC, arsenictri-
oxide, bexarotene, biCNU, carmustine, CCNU, celecoxib,
cladribine, cyclosporin A, cytosine arabinoside, cytoxan,
dexrazoxane, DTIC,estramustine, exemestane, FK506, gem-
tuzumab-ozogamicin, hydrea, hydroxyurea, idarubicin,inter-
feron, letrozole, Leustatin, leuprolide, litretinoin, megastrol,
L-PAM, mesna, methoxsalen, mithramycin, nitrogen mus-
tard, pamidronate, Pegademase, pentostatin, porfimer
sodium, prednisone, rituxan, streptozocin, STI-571, taxotere,
temozolamide, VM-26, toremifene, tretinoin, ATRA, valru-
bicin, and velban. Other examples ofoncologydrugs that may
be used accordingto the inventionareellipticin and ellipticin
analogs or derivatives, epothilones, intracellular kinase
inhibitors, and camptothecins.

Non-limiting examples of lipid-lowering agents for treat-
ing a lipid disease or disorder associated with elevated trig-
lycerides, cholesterol, and/or glucose includestatins, fibrates,
ezetimibe, thiazolidinediones, niacin, beta-blockers, nitro-
glycerin, calctum antagonists, fish oil, and mixtures thereof.

Examples ofanti-viral drugs include, butare notlimited to,
abacavir, aciclovir, acyclovir, adefovir, amantadine,
amprenavir, arbidol, atazanavir, atripla, cidofovir, combivir,
darunavir, delavirdine, didanosine, docosanol, edoxudine,
efavirenz, emtricitabine, enfuvirtide, entecavir, entry inhibi-
tors, famciclovir, fixed dose combinations, fomivirsen, fos-
amprenavir, foscarnet, fosfonet, fusion inhibitors, ganciclo-
vir, ibacitabine, immunovir, idoxuridine, imiquimod,
indinavir, inosine, integrase inhibitors, interferon type III
(e.g., IFN-A molecules such as IFN-A1, IFN-A2, and IFN-A3),
interferon typeII (e.g., IFN-y), interferon type | (e.g., IFN-a
such as PEGylated IFN-a, IFN-B, IFN-«, IFN-6, IFN-e, IFN-
t, IFN-@, and IFN-G,interferon, lamivudine, lopinavir, lov-
iride, MK-0518, maraviroc, moroxydine, nelfinavir, nevirap-
ine, nexavir, nucleoside analogues, oseltamivir, penciclovir,
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peramivir, pleconaril, podophyllotoxin, protease inhibitors,
reverse transcriptase inhibitors, ribavirin, rimantadine,
ritonavir, saquinavir, stavudine, synergistic enhancers, tenc-
fovir, tenofovir disoproxil, tipranavir, trifluridine,trizivir, tre-
mantadine, truvada, valaciclovir, valganciclovir, vicriviroc,
vidarabine, viramidine, zalcitabine, zanamivir, zidovudine,
pharmaceutically acceptable salts thereof, stereoisomers
thereof, derivatives thereof, analogs thereof, and mixtures
thereof.

V. Lipid Particles

The lipid particles of the invention typically comprise an
active agent or therapeutic agent, a cationic lipid, a non-
cationiclipid, and a conjugatedlipidthat inhibits aggregation
ofparticles. In some embodiments, the active agent or thera-
peutic agent is fully encapsulated within thelipid portion of
the lipid particle such that the active agent or therapeutic
agent in the lipid particle is resistant in aqueous solution to
enzymatic degradation, e.g., by a nuclease or protease. In
other embodiments, the lipid particles described herein are
substantially non-toxic to mammals such as humans. The
lipid particles ofthe invention typically have a mean diameter
of from about 40 nm to about 150 nm,from about 50 nm to
about 150 nm, from about 60 nmto about 130 nm,from about
70 nm to about 110 nm, or from about 70 to about 90 nm.

In preferred embodiments, the lipid particles of the inven-
tion are serum-stable nucleic acid-lipid particles (SNALP)
which comprise an interfering RNA (e.g., sIRNA, aiRNA,
and/or miRNA), a cationic lipid (e.g., a cationic lipid of
Formulas I, H, and/or HI), a non-cationic lipid (e.g., choles-
terol alone or mixtures of one or more phospholipids and
cholesterol), and a conjugatedlipid that inhibits aggregation
ofthe particles (e.g., one or more PEG-lipid conjugates). The
SNALP maycomprise at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or
more unmodified and/or modified interfering RNA mol-
ecules. Nucleic acid-lipid particles and their methodofprepa-
ration are describedin, e.g., U.S. Pat. Nos. 5,753,613; 5,785,
992; 5,705,385; 5,976,567, 5,981,501; 6,110,745; and 6,320,
017; and PCT Publication No. WO 96/40964, the disclosures
of which are each herein incorporated by reference in their
entiretyfor all purposes.

A. Cationic Lipids
Anyofa variety of cationic lipids maybe usedin the lipid

particles of the invention (e.g., SNALP), either alone or in
combination with one or more other cationic lipid species or
non-cationic lipid species.

Cationic lipids which are useful in the present invention
can be any of a numberoflipid species which carry a net
positive charge at physiological pH. Such lipids include, but
are not limited to, N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), 1,2-dioleyloxy-N,N-dimethylaminopro-
pane (DODMA), 1,2-distearyloxy-N,N-dimethylaminopro-
pane (DSDMA), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trim-
ethylammonium chloride (DOTMA), N,N-distearyl-N,N- 5
dimethylammonium bromide (DDAB),  N-(1-(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammonium—chloride
(DOTAP), 3-(N-(N',N'-dimethylaminoethane)-carbamoy])
cholesterol (DC-Chol), N-(1,2-dimyristyloxyprop-3-yl)-N,
N-dimethyl-N-hydroxyethyl ammoniumbromide (DMRIE),
2,3-dioleyloxy-N-[2(spermine-carboxamido)ethyl|-N,N-
dimethy]l-1-propanaminiumtrifluoroacetate (DOSPA), dio-
ctadecylamidoglycyl spermine (DOGS), 3-dimethylamino-
2-(cholest-5-en-3-beta-oxybutan-4-oxy)-1 -(cis,cis-9,12-
octadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-
3.beta.-oxy)-3'-oxapentoxy)-3-dimethyl-1 -(cis,cis-9',1-2'-
octadecadienoxy)propane (CpLinDMA), N,N-dimethyl-3,4-
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dioleyloxybenzylamine (DMOBA), 1,2-N,N'-
dioleylcarbamy|-3-dimethylaminopropane (DOcarbDAP),
1,2-N,N'-Dilinoleylcarbamyl-3-dimethylaminopropane
(DLincarbDAP),  1,2-Dilinoleoylcarbamy1-3-dimethylami-
nopropane (DLinCDAP), and mixtures thereofA numberof
these lipids and related analogs have been described in U.S.
Patent Publication Nos. 20060083780 and 20060240554;
US. Pat. Nos. 5,208,036; 5,264,618; 5,279,833; 5,283,185;
5,753,613; and 5,785,992; and PCT Publication No. WO
96/10390, the disclosures of which are each herein incorpo-
rated by reference in their entirety for all purposes. Addition-
ally, a number of commercial preparations of cationic lipids
are available and can be used in the present invention. These
include, e.g., LIPOFECTIN® (commercially available cat-
ionic liposomes comprising DOTMA and DOPE, from
GIBCO/BRL, Grand Island, N-Y., USA);  LIPO-
FECTAMINE®(commercially available cationic liposomes
comprising DOSPA and DOPE, from GIBCO/BRL); and
TRANSFECTAM® (commercially available cationic lipo-
somes comprising DOGS from Promega Corp., Madison,
Wis., USA).

Additionally, cationic lipids of Formula | having the fol-
lowing structures are useful in the present invention.

Q
RL

™~yore
R? oR?

wherein R' and R? are independently selected and are H or
C,-C; alkyls, R* and R* are independently selected and are
alkyl groups having from about10 to about 20 carbon atoms,
and at least one of R* and R* comprisesat least two sites of
unsaturation. In certain instances, R? and R* are both the
same,i.e., R* and R* are both linoleyl (C,,), etc. In certain
other instances, R? and R* are different, i.e., R* is tetradec-
trienyl (C,.,) and R* is linoleyl (C,,). In a preferred embodi-
ment, the cationic lipid of Formula I is symmetrical, i.e., R®
and R* are both the same. In another preferred embodiment,
both R® and R* compriseatleast twosites of unsaturation.In
some embodiments, R* and R* are independently selected
from the group consisting of dodecadienyl, tetradecadienyl,
hexadecadienyl, linoleyl, and icosadienyl. In a preferred
embodiment, R* and R* are both linoleyl. In some embodi-
ments, R* and R* compriseatleast three sites of unsaturation
and are independentlyselected from, e.g., dodecatrienyl, tet-
radectrienyl, hexadecatrienyl, linolenyl, and icosatrienyl. In
particularly preferred embodiments, the cationic lipid of For-
mula I is 1,2-dilinoleyloxy-N,N-dimethylaminopropane
(DLinDMA)or 1,2-dilinolenyloxy-N,N-dimethylaminopro-
pane (DLenDMA).

Furthermore, cationic lipids of Formula II having the fol-
lowing structures are useful in the present invention.

ab

wherein R' and R? are independently selected and are H or
C,-C, alkyls, R* and R* are independently selected and are
alkyl groups having from about 10to about 20 carbon atoms,
and at least one of R* and R* comprisesat least twosites of
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unsaturation. In certain instances, R*? and R* are both the
same, ie., R° and R* are both linoleyl (C,,), etc. In certain
other instances, R* and R* are different, i.e., R? is tetradec-
trienyl (C,,) and R*is linoleyl (Cg). Ina preferred embodi-
ment, the cationic lipids of the present invention are sym-
metrical, i.e, R? and R* are both the same. In another
preferred embodiment, both R* and R* comprise at least two
sites of unsaturation. In some embodiments, R* and R* are
independently selected fromthe group consisting of dodeca-
dienyl, tetradecadienyl, hexadecadienyl, linoleyl, and icosa-
dienyl. In a preferred embodiment, R* and R*are both lino-
leyl. In some embodiments, R* and R* compriseat least three
sites of unsaturation and are independently selected from,
e.g., dodecatrienyl, tetradectrienyl, hexadecatrienyl, linole-
nyl, and icosatrienyl.

Moreover, cationic lipids of FormulaIII having the follow-
ing structures (or salts thereof) are useful in the present inven-
tion.

dl)
RS et

(fe yp
N-—(CH2)g777/

R? \Zz

Rt

R2

R!m

Wherein R' and R?are either the sameor different and inde-

pendently optionally substituted C,,-C,, alkyl, optionally
substituted C,,-C,, alkenyl, optionally substituted C,,-C54
alkynyl, or optionally substituted C,5-C5, acyl; R? and R* are
either the same or different and independently optionally
substituted C, -C, alkyl, optionally substituted C, -C, alkenyl,
or optionally substituted C,-C, alkynyl or R* and R* mayjoin
to form an optionally substituted heterocyclic ring of 4 to 6
carbon atoms and 1 or 2 heteroatoms chosen from nitrogen
and oxygen: R°is either absent or hydrogen or C,-C, alkyl to
provide a quaternary amine; m, n, and p are either the same or
different and independentlyeither 0 or 1 withthe proviso that
m,n, and p are not simultaneously0; q is 0, 1, 2, 3, or 4; and
Y and Z are either the sameor different and independently 0,
S, or NH.

In some embodiments, the cationic lipid of Formula III is
2,2-dilinoleyl-4-(2-dimethylaminoethy])-[1,3]-dioxolane
(DLin-K-C2-DMA; “XTC2”), 2,2-dilinoleyl-4-(3-dimethy-
laminopropyl)-[1,3|-dioxolane (DLin-K-C3-DMA), 2,2-
dilinoleyl-4-(4-dimethylaminobutyl)-[1,3]-dioxolane
(DLin-K-C4-DMA), 2,2-dilinoleyl-5-dimethylaminom-
ethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MPZ), 2,2-dili-
noleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-
DMA), 1,2-dilinoleylcarbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP), 1,2-dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-
dilinoleyoxy-3-morpholinopropane (DLin-MA), 1,2-
dilinoleoyl-3-dimethylaminopropane (DLinDAP),—1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA),
1-linoleoyl-2-linoleyloxy-3-dimethylaminopropane (DLin-
2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.C]), 1,2-dilinoleoyl-3-trimethy-
laminopropane chloride salt (DLin-TAP.Cl), 1,2-dilinoley-
loxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N,N-
dilincleylamino)-1,2-propanediol (DLinAP), 3-(N,N-
dioleylamino)-1,2-propanedio (DOAP), 1,2-dilinoleyloxo-3-
(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA),
or mixtures thereof. In preferred embodiments, the cationic
lipid of Formula IT] is DLin-K-C2-DMA (XTC2).
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The cationic lipid typically comprises from about 50 mol
% to about 90 mol %, from about 50 mol % to about 85 mol
%, from about 50 mol % to about 80 mol %, from about 50
mol % to about 75 mol %, from about 50 mol %to about 70
mol %, from about 50 mol % to about 65 mol %,or from about

55 mol %to about 65 mol %of the total lipid present in the
particle.

It will be readily apparent to one of skill in the art that
depending on the intended use ofthe particles, the propor-
tions of the components can be varied and the deliveryeffi-
ciency of a particular formulation can be measured using,
e.g., an endosomalrelease parameter (ERP)assay.

B. Non-Cationic Lipids
The non-cationic lipids used in the lipid particles ofthe

invention (e.g., SNALP) can be any of a variety of neutral
uncharged, zwitterionic, or anionic lipids capable of produc-
ing a stable complex.

Non-limiting examples of non-cationic lipids include
phospholipids such as lecithin, phosphatidylethanolamine,
lysolecithin, lysophosphatidylethanolamine, phosphati-
dylscrine, phosphatidylinositol, sphingomyelin, egg sphin-
gomyelin (ESM), cephalin, cardiolipin, phosphatidic acid,
cerebrosides, dicetylphosphate, distearoylphosphatidylcho-
line (DSPC), dioleoylphosphatidylcholine (DOPC), dipalmi-
toylphosphatidylcholine (DPPC), dioleoylphosphatidylglyc-
erol (DOPG), dipalmitoylphosphatidylglycerol (DPPG),
dicleoylphosphatidylethanolamine (DOPE), palmitoylo-
leoyl-phosphatidylcholine (POPC), palmitoyloleoyl-phos-
phatidylethanolamine (POPE), palmitoyloleyol-phosphati-
dylglycerol (POPG), dioleoylphosphatidylethanolamine
4-(N-maleimidomethyl)-cyclohexane-1-carboxylate
(DOPE-mal), dipalmitoyl-phosphatidylethanolamine
(DPPE), dimyristoyl-phosphatidylethanolamine (DMPE),
distearoy]-phosphatidylethanolamine (DSPE), monomethyl-
phosphatidylethanolamine, dimethyl-phosphatidylethanola-
mine,  dielaidoyl-phosphatidylethanolamine=(DEPE),
stearoyloleoyl-phosphatidylethanolamine (SOPE),  lyso-
phosphatidylcholine, dilinoleoylphosphatidyleholine, and
mixtures thereof. Other diacylphosphatidylcholine and dia-
cylphosphatidylethanolamine phospholipids can also be
used. The acyl groups in these lipids are preferably acyl
groups derived from fatty acids having C,,-C,, carbon
chains, e.g., lauroyl, myristoyl, palmitoyl, stearoyl, or oleoyl.

Additional examples of non-cationiclipids include sterols
such as cholesterol and derivatives thereof such as

cholestanol, cholestanone, cholestenone, coprostanol, cho-
lesteryl-2'-hydroxyethyl ether, cholesteryl-4'-hydroxybutyl
ether, and mixtures thereof.

In some embodiments, the non-cationiclipid present in the
lipid particles (e.g., SNALP) comprisesor consists ofcholes-
terol or a derivative thereof, e.g., a phospholipid-free lipid
particle formulation. In other embodiments, the non-cationic
lipid presentin the lipid particles (e.g., SNALP) comprises or
consists ofone or more phospholipids, e.g., a cholesterol-free
lipid particle formulation. In further embodiments, the non-
cationic lipid present in the lipid particles (e.g., SNALP)
comprises or consists of a mixture of one or more phospho-
lipids and cholesterol or a derivative thereof.

Other examples of non-cationic lipids suitable for use in
the present invention include nonphosphorouscontaining lip-
ids such as, e.g., stearylamine, dodecylamine, hexadecy-
lamine, acetyl palmitate, glycerolricinoleate, hexadecyl
stearate, isopropyl myristate, amphoteric acrylic polymers,
triethanolamine-lauryl sulfate, alkyl-aryl sulfate polyethy-
loxylated fatty acid amides, dioctadecyldimethyl ammonium
bromide, ceramide, sphingomyelin, andthe like.
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In some embodiments, the non-cationic lipid comprises
from about 13 mol % to about 49.5 mol %, from about 20 mol
% to about 45 mol %, from about 25 mol %to aboul 45 mol
%, from about 30 mol % to about 45 mol %, from about 35
mol %to about 45 mol %, from about 20 mol % to about 40
mol %,from about 25 mol % to about 40 mol %,or from about
30 mol %to about 40 mol %ofthe total lipid present in the
particle.

In certain embodiments, the cholesterol present in phos-
pholipid-free lipid particles comprises from about 30 mol %
to about 45 mol %, from about 30 mol % to about 40 mol %,
from about 35 mol % to about 45 mol %, or from about 35 mol
% to about 40 mol % ofthe total lipid presentin theparticle.
As a non-limiting example, a phospholipid-free lipid particle
may comprise cholesterol at about 37 mol % ofthe total lipid
present in theparticle.

In certain other embodiments, the cholesterol present in
lipid particles containing a mixture ofphospholipid and cho-
lesterol comprises from about 30 mol % to about 40 mol %,
from about 30 mol % to about 35 mol %, or from about 35 mol
%to about 40 mol %ofthe total lipid presentin the particle.
As a non-limiting example, a lipid particle comprising a mix-
ture of phospholipid and cholesterol may comprise choles-
terol at about 34 mol %ofthetotal lipid presentin theparticle.

In further embodiments, the cholesterol present in lipid
particles containing a mixture of phospholipid and choles-
terol comprises from about 10 mol % to about 30 mol %,from
about 15 mol %to about 25 mol %, or from about 17 mol %
to about 23 mol % ofthe total lipid presentin the particle. As
anon-limiting example,a lipid particle comprising a mixture
ofphospholipid and cholesterol may comprise cholesterol at
about 20 mol % ofthe total lipid present intheparticle.

In embodiments wherethelipidparticles contain a mixture
of phospholipid and cholesterol or a cholesterol derivative,
the mixture may comprise up to about 40, 45, 50, 55, or 60
mol %ofthe total lipid present in the particle. In certain
instances, the phospholipid component in the mixture may
comprise from about 2 mol % to about 12 mol %, from about
4 mol %to about 10 mol %, from about 5 mol %to about 10
mol %, from about 5 mol % to about 9 mol %,or from about
6 mol % to about 8 mol % ofthe total lipid present in the
particle. As a non-limiting example, a lipid particle compris-
ing a mixture of phospholipid and cholesterol may comprise
a phospholipid such as DPPC or DSPC at about 7 mol % (e.g,,
ina mixture with about 34 mol %cholesterol)ofthe total lipid
present in the particle. In certain other instances, the phos-
pholipid componentin the mixture may comprise from about
10 mol %to about 30 mol %, from about 15 mol % to about
25 mol %,or from about 17 mol % to about 23 mol % ofthe
total lipid present in the particle. As another non-limiting
example, a lipid particle comprising a mixture of phosphe-
lipid and cholesterol may comprise a phospholipid such as
DPPCor DSPCat about 20 mol % (e.g., in a mixture with
about 20 mol % cholesterol) ofthe total lipid present in the
particle.

C. Lipid Conjugate
In addition to cationic and non-cationic lipids, the lipid

particles of the invention (e.g., SNALP) comprise a lipid
conjugate. The conjugated lipid is usefulin thatit prevents the
aggregationofparticles. Suitable conjugated lipids include,
but are not limited to, PEG-lipid conjugates,ATTA-lipid con-
jugates, cationic-polymer-lipid conjugates (CPLs), and mix-
tures thereof. In certain embodiments, the particles comprise
either a PEG-lipid conjugate or an ATTA-lipid conjugate
together with a CPL.

In a preferred embodiment, the lipid conjugate is a PUG-
lipid. Examples of PEG-lipids include, but are notlimitedto,
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PEGcoupled to dialkyloxypropyls (PEG-DAA)as described
in, e.g., PCT Publication No. WO 05/026372, PEG coupledto
diacylglycerol (PLG-DAG)as describedin, e.g., U.S. Patent
Publication Nos. 20030077829 and 2005008689, PEG
coupled to phospholipids such as phosphatidylethanolamine
(PEG-PE), PEG conjugated to ceramidesas describedin,e.g.,
USS. Pat. No. 5,885,613, PEG conjugated to cholesterol or a
derivative thereof, and mixtures thereof. The disclosures of
these patent documents are herein incorporated by reference
in their entirety for all purposes. Additional PEG-lipids
include, without limitation, PEG-C-DOMG, 2 KPEG-DMG,
and a mixturethereof.

PEGis a linear, water-soluble polymer of ethylene PEG
repeating units with two terminal hydroxyl groups. PEGsare
classified by their molecular weights; for example, PEG 2000
has an average molecular weight of about 2,000 daltons, and
PEG 5000 has an average molecular weight of about 5,000
daltons. PEGs are commercially available from Sigma
Chemical Co. and other companies and include, for example,
the following: monomethoxypolyethylene glycol (MePEG-
OH), monomethoxypolyethylene glycol-succinate (MePEG-
S), monomethoxypolyethylene glycol-succinimidyl succi-
nate (MePEG-S-NHS), monomethoxypolyethylene glycol-
amine (MePEG-NH,), monomethoxypolyethylene glycol-
tresylate (MePEG-TRES), and monomethoxypolyethylene
glycol-imidazolyl-carbonyl (MePEG-IM). Other PEGs such
as those described in U.S. Pat. Nos. 6,774,180 and 7,053,150
(e.g., mPEG (20 KDa) amine) are also useful for preparing
the PEG-lipid conjugates of the present invention. The dis-
closures of these patents are herein incorporated byreference
in their entirety for all purposes. In addition, monomethoxy-
polyethyleneglycol-acetic acid (MePEG-CH,COOH)is par-
ticularly useful for preparing PEG-lipid conjugates includ-
ing, e.g., PEG-DAAconjugates.

The PEG moiety of the PEG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 550 daltons to about 10,000 daltons. In certain
instances, the PEG moiety has an average molecular weight
of from about 750 daltons to about 5,000 daltons(e.g., from
about 1,000 daltons to about 5,000 daltons, from about 1,500
daltons to about 3,000 daltons, from about 750 daltons to
about 3,000 daltons, from about 750 daltons to about 2,000
daltons,etc.). In preferred embodiments, the PEG moiety has
an average molecular weight of about 2,000 daltons or about
750 daltons.

In certain instances, the PEG can be optionally substituted
byan alkyl, alkoxy, acyl, or aryl group. The PEG can be
conjugated directly to the lipid or may belinked to the lipid
via a linker moiety. Any linker moiety suitable for coupling
the PEG to a lipid can be used including, e¢.g., non-ester
containing linker moieties and ester-containing linker moi-
eties. In a preferred embodiment, the linker moiety is a non-
ester containing linker moiety. As used herein, the term “non-
ester containing linker moiety”refers to a linker moiety that
does not contain a carboxylic ester bond (—OC(O)—). Suit-
able non-ester containing linker moieties include, but are not
limited to, amido (-C(O)NH—), amino (—-NR-—-), carbonyl
(—-C(O)—-), carbamate (~NHC(O)O—), urea (--NHC(O)
NH—), disulphide (—S—S—), ether (—O—), succinyl
(—(O)CCH,CH,C(O)—),—succinamidyl (—NHC(O)
CH,CH,C(O)NH_), ether, disulphide, as well as combina-
tions thereof (such as a linker containing both a carbamate
linker moiety and an amido linker moiety). In a preferred
embodiment, a carbamatelinker is used to couple the PEG to
the lipid.

In other embodiments, an ester containing linker moiety is
used to couple the PEGto the lipid. Suitable ester containing
linker moieties include, e.g., carbonate (—OC(O)O—),suc-
cinoyl, phosphate esters (—~O—(O)POII—O—), sulfonate
esters, and combinations thereof.
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Phosphatidylethanolamines having a variety of acyl chain
groupsofvarying chain lengths and degrees of saturation can
be conjugated to PEG to formthe lipid conjugate. Such phos-
phatidylethanolamines are commercially available, or can be
isolated or synthesized using conventional techniques known
to those of skilled in the art. Phosphatidyl-ethanolamines
containing saturated or unsaturated fatty acids with carbon
chain lengths in the range of C,, to Cy, are preferred. Phos-
phatidylethanolamines with mono- or diunsaturated fatty
acids and mixtures of saturated and unsaturated fatty acids
can also be used. Suitable phosphatidylethanolamines
include, but are not limited to, dimyristoyl-phosphatidyletha-
nolamine (DMPE), dipalmitoyl-phosphatidylethanolamine
(DPPE), dioleoylphosphatidylethanolamine (DOPE), and
distearoyl-phosphatidylethanolamine (DSPE).

The term “ATTA”or “polyamide”refers to, without limi-
tation, compoundsdescribedin U.S. Pat. Nos. 6,320,017 and
6,586,559, the disclosures of which are herein incorporated
by reference in their entirety for all purposes. These com-
pounds include a compoundhaving the formula:

 

dv)

R! R?

R4-N— (CH:CH:0)q—(CHa)p-—C— NH C—O),
a

wherein R is a memberselected from the group consisting of
hydrogen, alkyl and acyl; R' is a memberselected from the
group consisting of hydrogenandalkyl; or optionally, R and
R’ and the nitrogen to which they are bound form an azido
moiety; R? is amemberofthe groupselected from hydrogen,
optionally substituted alkyl, optionally substituted aryl and a
side chain ofan amino acid; R* is amemberselected from the
group consisting ofhydrogen, halogen, hydroxy, alkoxy, mer-
capto, hydrazino, amino and NR*R°, wherein R* and R° are
independently hydrogenoralkyl; nis 4 to 80; m is 2 to 6; p is
1 to 4; and qis 0 or 1. It will be apparentto those of skill in the
art that other polyamides can be used in the compoundsofthe
present invention.

The term “diacylglycerol” refers to a compound having 2
fatty acyl chains, R' and

R?, both of which have independently between 2 and 30
carbons bonded to the 1- and 2-position of glycerol by ester
linkages. The acyl groups can be saturated or have varying
degrees ofunsaturation. Suitable acyl groups include, but are
not limited to, lauryl (C,,), myristyl (C,,), palmityl (C,,),
stearyl (C,,), and icosyl (C9). In preferred embodiments, R*
and R? are the same, i.e., R' and R? are both myristyl(i.e.,
dimyristyl), R’ and R? are both stearyl (i.e., distearyl), etc.
Diacylglycerols have the following general formula:
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The term “dialkyloxypropy!”refers to a compound having
2 alkyl chains, R* and R?, both of which have independently
between 2 and 30 carbons. The alkyl groups can be saturated
or have varying degrees of unsaturation. Dialkyloxypropyls
have the following general formula:

VI

CHZO0—RI “
CHO— R?

CH)

In a preferred embodiment, the PEG-lipid is a PEG-DAA
conjugate having the following formula:

(VID
CH,O—R!

CHO—R?

CH, —L-PEG,

wherein R’ and R? are independently selected and are long-
chain alkyl groups having from about 10 to about 22 carbon
atoms; PEG is a polyethyleneglycol; and L is a non-ester
containing linker moiety or an ester containing linker moiety
as described above. The long-chain alkyl groups can be satu-
rated or unsaturated. Suitable alkyl groups include, but are not
limited to, lauryl (C,,), myristyl (C,,), palmityl (C, ¢), stearyl
(Cg), and icosyl (C,,). In preferred embodiments, R' and R?
are the same,i.e., R' and R? are both myristyl(i.e., dimyri-
styl), R’ and R? are bothsteary](i.¢., distearyl), etc.

In Formula VII above, the PEG has an average molecular

weight ranging from about 550daltons to about 10,000 dal-

tons. In certain instances, the PEG has an average molecular
weight offrom about 750 daltons to about 5,000 daltons(e.g.,
from about 1,000 daltons to about 5,000 daltons, from about

1,500 daltons to about 3,000 daltons, from about 750 daltons

to about 3,000 daltons, from about 750 daltons to about 2,000

daltons, etc.). In preferred embodiments, the PEG has an
average molecular weight ofabout 2,000 daltons or about 750
daltons. The PEG can be optionally substituted with alkyl,
alkoxy, acyl, or aryl. In certain embodiments, the terminal
hydroxyl group is substituted with a methoxy or methyl
group.

In a preferred embodiment, “L”is a non-ester containing
linker moiety. Suitable non-ester containing linkers include,
but are not limited to, an amidolinker moiety, an amino linker
moiety, a carbonyl]linker moiety, a carbamate linker moiety,
a urea linker moiety, an ether linker moiety, a disulphide
linker moiety, a succinamidyl linker moiety, and combina-
tions thereof. In a preferred embodiment, the non-ester con-
taining linker moiety is a carbamate linker moiety (i.e., a
PEG-C-DAA conjugate). In another preferred embodiment,
the non-ester containing linker moiety is an amido linker
moiety (i.e., a PEG-A-DAAconjugate). In yet another pre-
ferred embodiment, the non-ester containing linker moictyis
a succinamidy]linker moiety (1.e., a PEG-S-DAAconjugate).
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In particular embodiments, the PEG-lipid conjugate is
selected from:

 

 

56

that acts as a lipid anchor. Suitable lipid examples include, but
are not limited to, diacylglycerolyls, dialkylglycerolyls, N-N-

Oo

NINPEK,vee ad
Naaaaa

(PEG-C-DMA)
0

NNANP,4
NNNNO

om

Om

(PEG-C-DOMG)

The PEG-DAAconjugates are synthesized using standard
techniques and reagents knownto those ofskill in theart. It
will be recognizedthat the PEG-DAA conjugates will contain
various amide, amine, ether, thio, carbamate, and urea link-
ages. Those ofskill in the art will recognize that methods and
reagents for forming these bonds are well known andreadily
available. See, e.g., March, ADVANCED ORGANIC
CHEMISTRY (Wiley 1992); Larock, COMPREHENSIVE
ORGANIC TRANSFORMATIONS (VCH1989): and Fur-
niss, VOGEL’S TEXTBOOK OF PRACTICAL ORGANIC
CHEMISTRY, 5th ed. (Longman 1989). It will also be appre-
ciated that any functional groups present may require protec-
tion and deprotectionat different points in the synthesis ofthe
PEG-DAAconjugates. Those of skill in theart will recognize
that such techniques are well known. See, e.g., Green and
Wuts, PROTECTIVE GROUPSIN ORGANIC SYNTHESIS
(Wiley 1991).

Preferably, the PEG-DAA conjugate is a dilauryloxypro-
pyl (C,,)-PEG conjugate, dimyristyloxypropyl (C,,)-PEG
conjugate, a dipalmityloxypropyl (C,;)-PEG conjugate,or a
distearyloxypropyl (C,,)-PEG conjugate. Those of skill in
the art will readily appreciate that other dialkyloxypropyls
can be used in the PEG-DAA conjugatesofthe present inven-
tion.

In addition to the foregoing,it will be readily apparent to
those ofskill in the art that other hydrophilic polymers can be
usedin place ofPEG. Examplesofsuitable polymers that can
be used in place of PEG include, but are not limited to,
polyvinylpyrrolidone, polymethyloxazoline, palyethylox-
azoline, polyhydroxypropyl methacrylamide, polymethaery-
lamide and polydimethylacrylamide, polylactic acid, polyg-
lycolic acid, and derivatized celluloses such as
hydroxymethylcellulose or hydroxyethylcellulose.

In addition to the foregoing components, the particles(e.g.,
SNALP or SPLP) of the present invention can further com-
prise cationic poly(ethylene glycol) (PEG) lipids or CPLs

 

 

(see, e.g., Chen et al., Biocenj. Chem., 11:433-437 (2000)). ~

20

Suitable SPLPs and SPLP-CPLsfor use in the present inven- ~
tion, and methods of making and using SPLPs and SPLP-
CPLs,are disclosed, e.g., in U.S. Pat. No. 6,852,334 and PCT
Publication No. WO 00/62813, the disclosures of which are

herein incorporated byreference in their entirety for all pur-
poses.

Suitable CPLs include compounds of Formula VII:

A-W-Y (VII),

wherein A, W, and Yare as described below.
With reference to formula VIII, “A”is a lipid moiety such

as an amphipathiclipid, a neutrallipid, or a hydrophobiclipid

60

dialkylaminos, 1,2-diacyloxy-3-aminopropanes, and 1,2-di-
alkyl-3-aminopropanes.

“W” is a polymer or an oligomer such as a hydrophilic
polymeror oligomer. Preferably, the hydrophilic polymeris a
biocompatible polymerthat is nonimmunogenic or possesses
lowinherent immunogenicity. Alternatively, the hydrophilic
polymer can be weakly antigenic if used with appropriate
adjuvants. Suitable nonimmunogenic polymers include, but
are not limited to, PEG, polyamides, polylactic acid, polyg-
lycolic acid, polylactic acid/polyglycolic acid copolymers,
and combinations thereof. In a preferred embodiment, the
polymer has a molecular weight of from about 250 to about
7,000 daltons.

“Y”is apolycationic moiety. The term polycationic moiety
refers to a compound,derivative, or functional group having
a positive charge, preferably at least 2 positive charges at a
selected plI, preferably physiological pII. Suitable polyca-
tionic moieties include basic aminoacids andtheirderivatives

such as arginine, asparagine, glutamine,lysine, and histidine;
spermine; spermidine; cationic dendrimers; polyamines;
polyamine sugars; and amino polysaccharides. The polyca-
tionic moieties can be linear, such as linear tetralysine,
branched or dendrimeric in structure. Polycationic moieties
have between about 2 to about [5 positive charges, preferably
between about 2 to about 12 positive charges, and more
preferably between about 2 to about 8 positive charges at
selected pH values. The selection ofwhich polycationic moi-
ety to employ may be determined by the type of particle
application whichis desired.

The charges on the polycationic moieties can be either
distributed aroundthe entire particle moiety,or alternatively,
they can be a discrete concentration of charge density in one
particular areaofthe particle moietye.g., a charge spike. Ifthe
charge density is distributed on the particle, the charge den-
sity can be equally distributed or unequally distributed. All
variations of charge distribution of the polycationic moiety
are encompassed bythe present invention.

The lipid “A”and the nonimmunogenic polymer“W”can
be attached by various methods and preferably by covalent
attachment. Methods knownto those ofskill in the art can be
used for the covalent attachment of “A” and “W.” Suitable

linkages include, but are not limited to, amide, amine, car-
boxyl, carbonate, carbamate, ester, and hydrazonelinkages.It
will be apparent to those skilled in the art that “A” and “W”
must have complementaryfunctional groups to effectuate the
linkage. The reactionofthese two groups, one onthe lipid and
the other on the polymer, will provide the desired linkage. For
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example, when the lipid is a diacylglycerol and the terminal
hydroxyl! is activated, for instance with NHS and DCC, to
form an active ester, and is then reacted with a polymer which
contains an amino group, such as with a polyamide(see, e.g.,
U.S. Pat. Nos. 6,320,017 and 6,586,559, the disclosures of
which are herein incorporated by reference in their entirety
for all purposes), an amide bondwill form between the two
groups.

In certain instances, the polycationic moiety can have a
ligand attached, such as a targeting ligand or a chelating
moiety for complexing calcium.Preferably, after the ligandis
attached, the cationic moiety maintains a positive charge. In
certain instances, the ligand that is attached has a positive
charge. Suitable ligands include, but are not limited to, a
compound or device with a reactive functional group and
includelipids, amphipathic lipids, carrier compounds, bioaf-
finity compounds, biomaterials, biopolymers, biomedical
devices, analytically detectable compounds, therapeutically
active compounds, enzymes, peptides, proteins, antibodies,
immune stimulators, radiolabels, fluorogens, biotin, drugs,
haptens, DNA, RNA, polysaccharides, liposomes,
virosomes, micelles, immunoglobulins, functional groups,
other targeting moieties, or toxins.

The lipid conjugate (e.g., PEG-lipid) typically comprises
from about 0.1 mol % to about 2 mol %, from about 0.5 mol
%to about 2 mol %, from about 1 mol %to about 2 mol %,
from about 0.6 mol %to about 1.9 mol %, from about 0.7 mol
% to about 1.8 mol %, from about 0.8 mol % to about 1.7 mol
%, from about 0.9 mol % to about 1.6 mol %, from about 0.9
mol %to about 1.8 mol %, from about 1 mol % to about 1.8 3
mol %, from about 1 mol % to about 1.7 mol %, from about
1.2 mol % to about 1.8 mol %, from about 1.2 mol % to about
1.7 mol %, from about 1.3 mol % to about 1.6 mol %, or from
about 1.4 mol %to about 1.5 mol % ofthe total lipid present
in the particle.

One of ordinary skill in the art will appreciate that the
concentrationof the lipid conjugate can be varied depending
on the lipid conjugate employed and the rate at which the
nucleic acid-lipidparticle is to become fusogenic.

Bycontrolling the composition and concentration of the
lipid conjugate, one can control the rate at which the lipid
conjugate exchangesoutofthe nucleic acid-lipid particle and,
in turn, the rate at which the nucleic acid-lipid particle
becomes fusogenic. For instance, when a PEG-phosphati-
dylethanolamine conjugate or a PEG-ceramide conjugate is
used as the lipid conjugate, the rate at which the nucleic
acid-lipid particle becomes fusogenic can be varied, for
example, by varying the concentration ofthe lipid conjugate,
by varying the molecularweight ofthe PEG, or by varying the
chain length and degree of saturation of the acyl chain groups
on the phosphatidylethanolamine or the ceramide. In addi-
tion, othervariables including, for example, pH, temperature,
ionic strength, etc. can be usedto vary and/or control the rate
at which the nucleic acid-lipid particle becomes fusogenic.
Other methods which can be usedto control the rate at which §

the nucleic acid-lipid particle becomes fusogenic will
become apparentto those of skill in the art upon reading this
disclosure.

VI. Preparation of Lipid Particles

Thelipid particles ofthe present invention, e.g., SNALP, in
which an active agent or therapeutic agent such as an inter-
fering RNAis encapsulated in a lipidbilayer and is protected
from degradation, can be formed by any method knownin the
art including, but notlimited to, a continuous mixing method
or a direct dilution process.
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In preferred embodiments, the cationic lipids are lipids of
Formula I, II, and II, or combinations thereof. In other pre-
ferred embodiments, the non-cationic lipids are egg sphingo-
myelin (ESM), distearoylphosphatidylcholine (DSPC), dio-
leoylphosphatidylcholine (DOPC), 1-palmitoyl-2-oleoyl-
phosphatidylcholine (POPC), dipalmitoyl-
phosphatidylcholine (DPPC), monomethyl-
phosphatidylethanolaniine, dimethyl-
phosphatidylethanolamine, 14:0 PE  (1,2-dimyristoyl-
phosphatidylethanolamine (DMPE)), 16:0 PE (1,2-
dipalmitoyl-phosphatidylethanolamine (DPPE)), 18:0 PE
(1,2-distearoyl-phosphatidylethanolamine (DSPE)), 18:1 PE
(1,2-dioleoyl-phosphatidylethanolamine (DOPE)), 18:1
trans PE (1,2-dielaidoyl-phosphatidylethanolamine
(DEPE)), 18:0-18:1 PE (i-stearoyl-2-oleoy]-phosphatidyle-
thanolamine (SOPE)), 16:0-18:1 PE (1-palmitoyl-2-oleoyl-
phosphatidylethanolamine (POPE)), polyethylene glycol-
based polymers (e.g., PEG 2000, PEG 5000, PEG-modified
diacylglycerols, or PEG-modified dialkyloxypropyls), cho-
lesterol, or combinations thereof.

In certain embodiments, the present invention providesfor
SNALP produced via a continuous mixing method, e.g., a
process that includes providing an aqueoussolution compris-
ing a nucleic acid such as an interfering RNA inafirst reser-
voir, providing an organiclipid solution in a secondreservoir,
and mixing the aqueoussolution with the organic lipid solu-
tion such that the organic lipid solution mixes with the aque-
ous solution so as to substantially instantaneously produce a
liposome encapsulating the nucleic acid (e.g., interfering
RNA). This process and the apparatus for carrying this pro-
cess are described in detail in U.S. Patent Publication No.

20040142025, the disclosure ofwhichis herein incorporated
byreferencein its entirety for all purposes.

The action of continuously introducing lipid and buffer
solutions into a mixing environment, such as in a mixing
chamber, causes a continuous dilution of the lipid solution
with the buffer solution, thereby producing a liposome sub-
stantially instantaneously upon mixing. As used herein, the
phrase “continuously diluting a lipid solution with a buffer
solution”(and variations) generally meansthat the lipid solu-
tion is diluted sufficiently rapidlyin a hydration process with
sufficient force to effectuate vesicle generation. By mixing
the aqueous solution comprising a nucleic acid with the
organic lipid solution, the organic lipid solution undergoes a
continuous stepwise dilution in the presence of the buffer
solution (i.e., aqueous solution) to produce a nucleic acid-
lipid particle.

The SNALP formedusing the continuous mixing method
typically have a size of from about 40 nm to about 150 nm,
from about 50.nm to about 150 nm, from about 60 nm to about
130 nm, from about 70 nm to about 110 nm,or from about 70
nm to about 90 nm. The particles thus formed do not aggre-
gate and are optionally sized to achieve a uniformparticlesize.

In another embodiment, the present invention provides for
SNALPproduced via a direct dilution process that includes
forming a liposome solution and immediately and directly
introducing the liposome solution into a collection vessel
containing a controlled amountofdilution buffer. In preferred
aspects, the collection vessel includes one or more elements
configured to stir the contents of the collection vessel to
facilitate dilution. In one aspect, the amountofdilution buffer
present in the collection vessel is substantially equal to the
volumeof liposome solution introduced thereto. As a non-
limiting example, a liposomesolution in 45%ethanol when
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introducedinto the collection vessel containing an equalvol-
une of dilution buffer will advantageously vield smaller par-
ticles.

In yet another embodiment, the present invention provides
for SNALPproducedvia a direct dilution process in whicha
third reservoir containing dilution buffer is fluidly coupled to
a second mixing region. In this embodiment, the liposome
solution formed in a first mixing region is immediately and
directly mixed. with dilution buffer in the second mixing
region. In preferred aspects, the second mixing region
includes a T-connector arranged sothat the liposome solution
and the dilution buffer flows meet as opposing 180° flows;
however, connectors providing shallower angles can be used,
e.g., from about 27° to about 180°. A pump mechanism deliv-
ers a controllable flow of buffer to the second mixing region.
In one aspect, the flowrate of dilution buffer provided to the
second mixing region is controlled to be substantially equal to
the flow rate of liposomesolution introduced thereto from the
first mixing region. This embodiment advantageously allows
for more controlofthe flowofdilution buffer mixing with the
liposomesolution in the second mixing region, and therefore
also the concentration ofliposomesolutioninbuffer through-
out the second mixing process. Such control of the dilution
buffer flow rate advantageouslyallows for small particle size
formation at reduced concentrations.

These processes and the apparatuses for carrying out these
direct dilution processes are described in detail in U.S. Patent
Publication No. 20070042031, the disclosure of which is

herein incorporated by reference inits entirety for all pur-
poses.

The SNALP formed using the direct dilution process typi-
cally have a size of from about 40 nm to about 150 nm, from
about 50 nmto about 150 nm,from about 60 nm to about 130
nm, from about 70 nm to about 110 nm,or from about 70 nm
to about 90 nm. Theparticles thus formed do not aggregate
andare optionally sized to achieve a uniform particle size.

Ifneeded,thelipid particles ofthe invention (e.g., SNALP)
can be sized by any of the methods available for sizing lipo-
somes. The sizing may be conducted in order to achieve a
desired size range andrelatively narrow distribution of par-
ticle sizes.

Several techniquesare available for sizingthe particles toa
desired size. One sizing method, used for liposomes and
equally applicableto the present particles, is describedin U.S.
Pat. No. 4,737,323, the disclosure of which is herein incor-
porated by referencein its entirety for all purposes. Sonicat-
ing a particle suspensioneither by bath or probe sonication
producesaprogressive size reduction downto particles ofless
than about 50 nmin size. Homogenization is another method
which relies on shearing energy to fragmentlarger particles
into smaller ones. In a typical homogenization procedure,
particles are recirculated through a standard emulsion
homogenizer until selected particle sizes, typically between
about 60 and about 80 nm,are observed.In both methods, the
particle size distribution can be monitored by conventional
laser-beamparticle size discrimination, or QELS.

Extrusion of the particles through a small-pore polycar-
bonate membrane or an asymmetric ceramic membrane is
also an effective method for reducing particle sizes to a rela-
tively well-defined size distribution. Typically, the suspen-
sion is cycled through the membrane oneor more timesuntil
the desired particle size distribution is achieved. The particles
may be extruded through successively smaller-pore mem-
branes, to achieve a gradual reduction in size.

In some embodiments, the nucleic acids in the SNALP are
precondensed as described in, e.g., U.S. patent application
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Ser. No. 09/744,103, the disclosure of which is herein incor-
porated by reference in its entirety for all purposes.

In other embodiments, the metheds will further comprise
adding non-lipid polycations which are useful to effect the
lipofection ofcells using the present compositions. Examples
of suitable non-lipid polycations include, hexadimethrine
bromide (sold under the brandname POLYBRENE®,from
Aldrich Chemical Co., Milwaukee, Wis., USA) orother salts
of hexadimethrine. Other suitable polycations include, for
example, salts of poly-L-ornithine, poly-L-arginine, poly-L-
lysine, poly-D-lysine, polyallylamine, and polyethylene-
imine. Addition of these salts is preferably after the particles
have been formed.

In some embodiments, the nucleic acid to lipid ratios
(mass/massratios) in a formed SNALPwill range from about
0.01 to about 0.2, from about 0.02 to about 0.1. from about
0.03 to about 0.1, or from about 0.01 to about 0.08. Theratio
of the starting materials also falls within this range. In other
embodiments, the SNALP preparation uses about 400 ug
nucleic acid per 10 mgtotal lipid or a nucleic acid to lipid
mass ratio of about 0.01 to about 0.08 and, more preferably,
about 0.04, which correspondsto 1.25 mgoftotal lipid per 50
ug of nucleic acid. In other preferred embodiments, the par-
ticle has a nucleic acid:lipid mass ratio of about 0.08.

In other embodiments, the lipid to nucleic acid ratios
(mass/miassratios) in a formed SNALP will range from about
1 (1:1) to about 100 (100:1), from about 5 (5:1) to about 100
(100:1), from about 1 (1:1) to about 50 (50:1), from about 2
(2:1) to about 50 (50:1), fromabout3 (3:1) to about 50 (50:1),
from about 4 (4:1) to about 50 (50:1), from about 5 (5:1) to
about 50 (50:1), from about 1 (1:1) to about 25 (25:1), from
about 2 (2:1) to about 25 (25:1), from about 3 (3:1) to about 25
(25:1), from about 4 (4:1) to about 25 (25:1), from about 5
(5:1) to about 25 (25:1), from about 5 (5:1) to about 20 (20:1),
from about 5 (5:1) to about 15 (15:1), from about 5 (5:1) to
about 10 (10:1), about 5 (5:1), 6 (6:1), 7 (7:1), 8 (8:1), 9 (9:1),
(10:1), 11 (11:1), 12 (12:1), 13 (13:1), 14 (14:1), or 15 (15:1).
Theratio of the starting materials also falls within this range.

Aspreviously discussed, the conjugated lipid may further
include a CPL. A variety of general methods for making
SNALP-CPLs (CPL-containing SNALP) are discussed
herein. Two general techniques include“post-insertion”tech-
nique, that is, insertion of a CPL into, for example, a pre-
formed SNALP, and the “standard” technique, wherein the
CPLis includedin the lipid mixture during, for example, the
SNALPformation steps. The post-insertion techniqueresults
in SNALP having CPLs mainly in the external face of the
SNALPbilayer membrane, whereas standard techniquespro-
vide SNALP having CPLson both internal and externalfaces.
The method is especially useful for vesicles made from phos-
pholipids (which can contain cholesterol) and also for
vesicles containing PEG-lipids (such as PEG-DAAs and
PEG-DAGs). Methods of making SNALP-CPL,are taught,
for example, in U.S. Pat. Nos. 5,705,385; 6,586,410; 5,981,
501; 6,534,484; and 6,852,334; U.S. Patent Publication No.
20020072121; and PCT Publication No. WO 00/62813, the
disclosures of which are herein incorporated byreference in
their entirety for all purposes.

VIL. Kits

The present invention also provides lipid particles (e.g.,
SNALP)in kit form. The kit may comprise a container which
is compartmentalized for holding the various elements ofthe
lipid particles (e.g., the active agents or therapeutic agents
such as nucleic acids and the individual lipid components of
the particles). In some embodiments, the kit may further
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comprise an endosomal membranedestabilizer (e.g., calctum
ions). The kit typically contains the lipid particle composi-
tions of the present invention, preferably in dehydrated form,
withinstructions for their rehydration and administration.

As explained herein, the lipid particles of the invention
(e.g., SNALP)can betailoredto preferentially target particu-
lar tissues, organs, or tumorsofinterest. In certain instances,
preferential targeting of lipid particles such as SNALP may
be carried out by controlling the composition ofthe particle
itself. For instance, as set forth in Example 11, it has been
found that the 1:57 PEG-cDSA SNALP formulation can be

used to preferentially target tumors outside of the liver,
whereas the 1:57 PEG-cDMA SNALPformulation can be

usedto preferentially target the liver (including liver tumors).
In certain other instances, it may be desirable to have a

targeting moiety attachedto the surface ofthe lipid particle to
further enhance the targeting of the particle. Methods of
attaching targeting moieties (e.g., antibodies, proteins, etc.)
to lipids (such as those used in the present particles) are
knownto those ofskill in the art.

VII. Administration ofLipid Particles

Once formed, the lipid particles of the invention (e.g.,
SNALP)are useful for the introduction of active agents or
therapeutic agents (e.g., nucleic acids such as interfering
RNA)into cells. Accordingly, the present invention also pro-
vides methodsfor introducing an active agent or therapeutic
agent such as a nucleic acid(e.g., interfering RNA)into acell.
The methodsare carried out in vitro or in vivo by first forming
the particles as described above and then contacting the par-
ticles with the cells for a period oftime sufficient for delivery
ofthe active agent or therapeutic agent to the cells to occur.

Thelipid particles of the invention (e.g., SNALP) can be
adsorbedto almost any cell type with which they are mixed or
contacted, Once adsorbed, the particles can either be endocy-
tosed by a portion ofthe cells, exchange lipids with cell
membranes, or fuse with the cells. Transfer or incorporation
of the active agent or therapeutic agent (e.g., nucleic acid)
portion of the particle can take place via any one of these
pathways. In particular, when fusion takes place, the particle
membraneis integrated into the cell membraneandthe con-
tents ofthe particle combine with the intracellular fluid.

Thelipid particles ofthe invention (e.g., SNALP) can be
administered either alone or in a mixture with a pharmaceu-
tically-acceptable carrier (e.g., physiological saline or phos-
phate buffer) selected in accordance with the route of admin-
istration and standard pharmaceutical practice. Generally,
normal buffered saline (e.g., 135-150 mM NaCl) will be
employed as the pharmaceutically-acceptable carrier. Other
suitable carriers include, e.g., water, buffered water, 0.4%
saline, 0.3% glycine, and the like, including glycoproteins for
enhanced stability, such as albumin, lipoprotein, globulin,
etc. Additional suitable carriers are described in, e.g., REM-
INGTON’S PHARMACEUTICAL SCIENCES, Mack Pub-
lishing Company, Philadelphia, Pa., 17th ed. (1985). As used
herein, “carrier” includes any and all solvents, dispersion
media, vehicles, coatings, diluents, antibacterial and antifun-
gal agents, isotonic and absorption delaying agents, buffers,
carrier solutions, suspensions, colloids, and the like. The
phrase “pharmaceutically-acceptable” refers to molecular
entities and compositions that do not produce an allergic or
similar untoward reaction when administered to a human.

The pharmaceutically-acceptable carrier is generally
added following particle formation. Thus,after the particle is
formed, the particle can be diluted into pharmaceutically-
acceptable carriers such as normalbufferedsaline.
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The concentration of particles in the pharmaceutical for-
mulations can vary widely, i.e., from less than about 0.05%,
usually at or al least about 2 to 5%, to as muchas about 10tu
90% by weight, and will be selected primarily by fluid vol-
umes,viscosities, etc., in accordance with the particular mode
of administration selected. For example, the concentration
maybe increased to lower the fluid load associated with
treatment. This maybe particularly desirableinpatients hav-
ing atherosclerosis-associated congestive heart failure or
severe hypertension. Alternatively, particles composed of
irritating lipids may be diluted to low concentrations to lessen
inflammation at the site of administration.

The pharmaccutical compositions of the present invention
may besterilized by conventional, well-knownsterilization
techniques. Aqueous solutions can be packaged for use or
filtered under aseptic conditions and lyophilized, the lyo-
philized preparation being combined with a sterile aqueous
solution prior to administration. The compositions can con-
tain pharmaceutically-acceptable auxiliary substances as
required to approximate physiological conditions, such as pH
adjusting and buffering agents, tonicity adjusting agents and
the like, for example, sodiumacetate, sodium lactate, sodium
chloride, potassium chloride, and calcium chloride. Addition-
ally, the particle suspension may include lipid-protective
agents which protect lipids against free-radical and lipid-
peroxidative damages on storage. Lipophilic free-radical
quenchers, such as alphatocopherol and water-soluble iron-
specific chelators, such as ferrioxamine,are suitable.

A. In Vivo Administration

Systemic delivery for in vivo therapy, e.g., delivery of a
therapeutic nucleicacidto a distal target cell via body systems
such as the circulation, has been achieved using nucleic acid-
lipid particles such as those described in PCT Publication
Nos. WO 05/007196, WO 05/121348, WO 05/120152, and
WO 04/002453, the disclosures of which are herein incorpo-
rated by reference in their entirety for all purposes. The
present invention also provides fully encapsulated lipid par-
ticles that protect the nucleic acid from nuclease degradation
in serum, are nonimmunogenic, are small in size, and are
suitable for repeat dosing.

For in vivo administration, administration can be in any
manner knownin theart, e.g., by injection, oral administra-
tion, inhalation (e.g., intranasal or intratracheal), transdermal
application, or rectal administration. Administration can be
accomplished via single or divided doses. The pharmaceuti-
cal compositions can be administered parenterally, i.e.,
intraarticularly, intravenously, intraperitoneally, subcutane-
ously, or intramuscularly. In some embodiments, the pharma-
ceutical compositions are administered intravenously or
intraperitoneally bya bolus injection (see, e.g., U.S. Pat. No.
5,286,634). Intracellular nucleic acid delivery has also been
discussed in Straubringeret al., Methods Enzymol., 101:512
(1983); Mannino et al., Biotechniques, 6:682 (1988); Nicolau
et al., Crit. Rev. Ther. Drug Carrier Syst., 6:239 (1989); and
Behr, Acc. Chem. Res., 26:274 (1993). Still other methods of
administering lipid-based therapeutics are described in, for
example, U.S. Pat. Nos. 3,993,754; 4,145,410; 4,235,871;
4,224,179; 4,522,803; and 4,588,578. The lipid particles can
be administered by directinjectionatthe site ofdisease or by
injection at a site distal from the site of disease (see, e.g.,
Culver, HUMAN GENE THERAPY, MaryAnn Liebert, Inc.,
Publishers, New York. pp. 70-71 (1994)). The disclosures of
the above-described references are herein incorporated by
reference in their entirety for all purposes.

The compositions of the present invention, either alone or
in combination with other suitable components, can be made
into aerosol formulations(1.e., they can be “nebulized”) to be
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administered via inhalation (e.g., intranasally or intratrache-
ally) (see, Brigham et al., Am. J. Sci., 298:278 (1989)). Aero-
sol formulations can be placed into pressurized acceptable
propellants, such as dichlorodifluoromethane, propane, nitro-
gen, andthe like.

In certain embodiments, the pharmaceutical compositions
may be delivered by intranasal sprays, inhalation, and/or
other aerosol delivery vehicles. Methods for delivering
nucleic acid compositionsdirectlyto the lungs via nasal aero-
sol sprays have been described, e.g., in U.S. Pat. Nos. 5,756,
353 and 5,804,212. Likewise, the delivery of drugs using
intranasal microparticle resins and lysophosphatidyl-glyc-
erol compounds (U.S. Pat. No. 5,725,871) are also well-
known in the pharmaceutical arts. Similarly, transmucosal
drug delivery in the form of a polytetrafluoroetheylene sup-
port matrix is described in U.S. Pat. No. 5,780,045. The
disclosures of the above-described patents are herein incor-
porated byreferencein their entirety forall purposes.

Formulations suitable for parenteral administration, such
as, for example, by intraarticular(in the joints), intravenous,
intramuscular, intradermal, intraperitoneal, and subcutane-
ousroutes, include aqueous and non-aqueous, isotonic sterile
injection solutions, which can contain antioxidants, buffers,
bacteriostats, and solutes that render the formulationisotonic
with the blood of the intended recipient, and aqueous and
non-aqueoussterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and pre-
servatives. In the practice of this invention, compositions are
preferably administered, for example, by intravenous infu-
sion, orally, topically, intraperitoneally, intravesically, or
intrathecally.

Generally, when administered intravenously,the lipid par-
ticle formulations are formulated with a suitable pharmaceu-
tical carrier. Many pharmaceutically acceptable carriers may
be employed in the compositions and methodsofthe present
invention. Suitable formulationsfor use in the present inven-
tion are found, for example, in REMINGTON’S PHARMA-
CEUTICAL SCIENCES, MackPublishing Company, Phila-
delphia, Pa., 17th ed. (1985). A variety of aqueous carriers
maybe used, for example, water, buffered water, 0.4% saline,
0.3% glycine, and the like, and mayinclude glycoproteins for
enhanced stability, such as albumin, lipoprotein, globulin,
etc. Generally, normal buffered saline (135-150 mM NaCl)
will be employedas the pharmaceutically acceptable carrier,
but other suitable carriers will suffice. These compositions
can be sterilized by conventional liposomalsterilization tech-
niques, such as filtration. The compositions may contain
pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions, such as pH adjust-
ing andbuffering agents, tonicity adjusting agents, wetting
agents and the like, for example, sodium acetate, sodium
lactate, sodium chloride, potassium chloride, calcium chlo-
ride, sorbitan monolaurate,triethanolamineoleate, etc. These
compositions can besterilized using the techniquesreferred
to aboveor, alternatively, they can be produced understerile
conditions. The resulting aqueous solutions maybe packaged
for use or filtered under aseptic conditions and lyophilized,
the lyophilized preparation being combined with a sterile
aqueoussolution prior to administration.

In certain applications, the lipid particles disclosed herein
may be delivered via oral administration to the individual.
Theparticles may be incorporated with excipients and used in
the form of ingestible tablets, buccal tablets, troches, cap-
sules, pills, lozenges, elixirs, mouthwash, suspensions, oral
sprays, syrups, wafers, and the like (see, e.g., U.S. Pat. Nos.
5,641,515, 5,580,579, and 5,792,451, the disclosures of
which are herein incorporated by reference in their entirety
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for all purposes). These oral dosage forms mayalso contain
the following: binders, gelatin; excipients, lubricants, and/or
flavoring agents. When the unit dosage form is a capsule, it
may contain, in addition to the materials described above, a
liquid carrier. Various other materials may be presentas coat-
ings or to otherwise modify the physical form of the dosage
unit. Of course, any material used in preparing anyunit dos-
age form should be pharmaceutically pure and substantially
non-toxic in the amounts ernployed.

Typically, these oral formulations may contain at least
about 0.1%of the lipid particles or more, although the per-
centage of the particles may, of course, be varied and may
conveniently be between about 1% or 2%and about 60% or
70% or more ofthe weight or volumeofthe total formulation.
Naturally, the amount of particles in each therapeutically
useful composition may be prepared is such a way that a
suitable dosage will be obtained in any given unit dose of the
compound. Factors such as solubility, bioavailability, bio-
logical half-life, route of administration, product shelflife, as
well as otherpharmacological considerations will be contem-
plated by oneskilledinthe art ofpreparing such pharmaceu-
tical formulations, and as such, a varicty of dosages and
treatment regimens may be desirable.

Formulations suitable for oral administration can consist

of: (a) liquid solutions, such as an effective amount of a
packagedtherapeutic agent such as nucleic acid (e.g., inter-
fering RNA) suspended in diluents such as water, saline, or
PEG 400;(b) capsules, sachets,or tablets, each containing a
predetermined amountof a therapeutic agent such as nucleic
acid (e.g., interfering RNA), as liquids, solids, granules, or
gelatin; (c) suspensions in an appropriate liquid; and (d) suit-
able emulsions. Tablet forms can include one or more of

lactose, sucrose, mannitol, sorbitol, calcium phosphates, corn
starch, potato starch, microcrystalline cellulose, gelatin, col-
loidal silicon dioxide, talc, magnesium stearate,stearic acid,
and other excipients, colorants, fillers, binders, diluents, buft-
ering agents, moistening agents, preservatives, flavoring
agents, dyes, disintegrating agents, and pharmaceutically
compatible carriers. Lozenge forms can comprise a therapeu-
tic agent such as nucleic acid (e.g., interfering RNA) in a
flavor, e.g., sucrose, as well as pastilles comprising the thera-
peutic agentin an inert base, such as gelatin and glycerin or
sucrose and acacia emulsions, gels, and the like containing,in
addition to the therapeutic agent, carriers knownintheart.

In another example of their use, lipid particles can be
incorporated into a broad range of topical dosage forms. For
instance, a suspension containing nucleic acid-lipid particles
such as SNALP can be formulated and administered as gels,
oils, emulsions, topical creams, pastes, ointments, lotions,
foams, mousses, and thelike.

When preparing pharmaceutical preparations ofthe lipid
particles of the invention,it is preferable to use quantities of
the particles which have been purified to reduce or eliminate
emptyparticles or particles with therapeutic agents such as
nucleic acid associated with the external surface.

The methodsofthe present invention may be practiced ina
variety of hosts. Preferred hosts include mammalian species,
such as primates (e.g., humans and chimpanzees as well as
other nonhuman primates), canines, felines, equines,
bovines, ovines, caprines, rodents (e.g., rats and mice), lago-
morphs, and swine.

The amountofparticles administered will depend upon the
ratio of therapeutic agent (e.g., nucleic acid) to lipid, the
particular therapeutic agent (e.g., nucleic acid) used, the dis-
ease or disorder beingtreated, the age, weight, and condition
of the patient, and the judgment of the clinician, but will
generally be between about 0.01 and about 50 mg perkilo-
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gram ofbody weight, preferably between about 0.1 and about
5 mg/kg of body weight, or about 10°-10'° particles per
administration (e.g., injection).

B. In Vitro Administration

For in vitro applications, the delivery of therapeutic agents
suchas nucleic acids (e.g., interfering RNA) canbeto anycell
grown in culture, whetherofplant or animalorigin, vertebrate
or invertebrate, and ofanytissue or type.In preferred embodi-
ments, the cells are animalcells, more preferably mammalian
cells, and most preferably human cells.

Contact between the cells and the lipid particles, when
carried out in vitro, takes place in a biologically compatible
medium. The concentration of particles varies widcly
depending on the particular application, but is generally
between about 1 umol and about 10 mmol. Treatment ofthe
cells with the lipid particles is generally carried out at physi-
ological temperatures (about 37° C.) for periods of time of
from about 1 to 48 hours, preferably of from about 2 to 4
hours.

In one group of preferred embodiiments, a lipid particle
suspensionis added to 60-80%confluent plated cells having
a cell density of from about 10° to about 10° cells/ml, more
preferably about 2x10* cells/ml. The concentration of the
suspension addedto thecells is preferably offrom about 0.01
to 0.2 ug/ml, more preferably about 0.1 ug/ml.

Using an Endosonial Release Parameter (ERP) assay, the
delivery efficiency ofthe SNALPorotherlipid particle of the
invention can be optimized.An ERP assayis described in
detail in U.S. Patent Publication No. 20030077829, the dis-
closure of which is herein incorporated by reference inits
entirety for all purposes. Moreparticularly, the purpose of an
ERPassayisto distinguishthe effect ofvarious cationic lipids
and helperlipid components of SNALPbasedontheirrelative
effect on binding/uptake or fusion with/destabilization of the
endosomal membrane. This assay allows one to determine
quantitatively how each component of the SNALPor other
lipid particle affects delivery efficiency, thereby optimizing
the SNALPor other lipid particle. Usually, an ERP assay
measures expression of a reporter protein (e.g., luciferase,
B-galactosidase, green fluorescent protein (GFP), etc.), and in
some instances, a SNALP formulation optimized for an
expression plasmidwill also be appropriate for encapsulating
an interfering RNA.In other instances, an ERP assay can be
adapted to measure downregulationoftranscription or trans-
lation of a target sequence in the presence or absence of an
interfering RNA (e.g., silXKNA). By comparing the ERPs for
each of the various SNALPorotherlipid particles, one can
readily determine the optimized system, e.g., the SNALP or
otherlipid particle that has the greatest uptake inthe cell.

C. Cells for Delivery of Lipid Particles
The compositions and methodsofthe present invention are

usedto treat a wide variety ofcell types, in vivo andin vitro.
Suitable cells include, e.g., hematopoietic precursor (stem)
cells, fibroblasts, keratinocytes, hepatocytes, endothelial
cells, skeletal and smooth muscle cells, osteoblasts, neurons,
quiescent lymphocytes, terminally differentiated cells, slow
or noncycling primary cells, parenchymal cells, lymphoid
cells, epithelial cells, bone cells, and the like. In preferred
embodiments, an active agent or therapeutic agent such as an
interfering RNA (e.g., siRNA) is delivered to cancer cells
such as, e.g., lung cancer cells, colon cancer cells, rectal
cancer cells, anal cancer cells, bile duct cancer cells, small
intestine cancer cells, stomach (gastric) cancer cells, esoph-
ageal cancercells, gallbladder cancercells, liver cancercells,
pancreatic cancer cells, appendix cancercells, breast cancer
cells, ovarian cancercells, cervical cancer cells, prostate can-
cer cells, renal cancer cells, cancer cells ofthe central nervous
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system, glioblastoma tumor cells, skin cancer cells, lym-
phoma cells, choriocarcinoma tumor cells, head and neck
cancercells, osteogenic sarcoma tumorcells, and blood can-
cer cells.

In vivo delivery oflipid particles such as SNALP encap-
sulating an interfering RNA (c.g., siRNA)is suited for target-
ing cells of any cell type. The methods and compositions can
be employed with cells of a wide variety of vertebrates,
including mammals, suchas, e.g, canines, felines, equines,
bovines, ovines, caprines, rodents(e.g., mice,rats, and guinea
pigs), lagomorphs, swine, and primates (e.g. monkeys, chim-
panzees, and humans).

To the extent that tissue culture of cells may be required,it
is well-knownin the art. For example, Freshney, Culture of
Animal Cells, a Manual of Basic Technique, 3rd Fd., Wiley-
Liss, New York (1994), Kuchleret al., Biochemical Methods
in Cell Culture andVirology, Dowden, Hutchinsonand Ross,
Inc. (1977), and the references cited therein provide a general
guide to the culture of cells. Cultured cell systems often will
be in the form of monolayers of cells, although cell suspen-
sions are also used.

D. Detection of Lipid Particles
In some embodiments, the lipid particles of the present

invention (e.g., SNAT-P) are detectable in the subject at about
1, 2,3, 4, 5, 6, 7, 8 or more hours. In other embodiments, the

lipid particles of the present invention (e.g., SNALP) are
detectable in the subject at about 8, 12, 24, 48, 60, 72, or 96
hours, or about 6, 8, 10, 12, 14, 16, 18, 19, 22, 24, 25, or 28
days after administrationofthe particles. The presence of the
particles can be detectedin the cells, tissues, or other biologi-
cal samples froin the subject. ‘he particles may be detected,
.g., by direct detection of the particles, detection of a thera-
peutic nucleic acid such as aninterfering RNA(e.g., siRNA)
sequence, detectionofthe target sequence ofinterest (.e., by
detecting expression or reduced expression ofthe sequence of
interest), or a combination thereof.

1. Detection of Particles

Lipid particles of the invention such as SNALP can be
detected using any method knownin the art. For example, a
label can be coupled directlyor indirectly to a component of
the lipid particle using methods well-knownin the art. A wide
variety of labels can be used, with the choice oflabel depend-
ing on sensitivity required, ease of conjugation with the lipid
particle component, stability requirements, and available
instrumentation and disposal provisions. Suitable labels
include, but are not limited to, spectral labels such as fluores-
cent dyes (e.g., fluorescein and derivatives, such as fluores-
cein isothiocyanate (FITC) and Oregon Green™rhodamine
and derivatives such Texasred, tetrarhodimine isothiocynate
(TRITC), etc., digoxigenin, biotin, phycoerythrin, AMCA,
CyDyes™,andthe like; radiolabels such as #H, '7°I, *°S, 1*C,
*2P°°P. etc.; enzymessuchas horse radish peroxidase, alka-
line phosphatase, etc.; spectral colorimetric labels such as
colloidal gold or coloredglass or plastic beads such as poly-
styrene, polypropylene, latex, etc. The label can be detected
using any means known intheart.

2. Detection of Nucleic Acids

Nucleic acids (e.g., interfering RNA) are detected and
quantified herein by any ofa number ofmeans well-knownto
those of skill in the art. The detection of nucleic acids may
proceed by well-known methods such as Southern analysis,
Northern analysis, gel electrophoresis, PCR, radiolabeling,
scintillation counting, and affinity chromatography. Addi-
tional analytic biochemical methods such as spectrophotom-
etry, radiography, electrophoresis, capillary electrophoresis,
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high performanceliquid chromatography (HPLC),thin layer
chromatography (TLC), and hyperdiffusion chromatography
may also be employed.

The selection of a nucleic acid hybridization formatis not
critical. A variety of nucleic acid hybridization formats are
known to those skilled in the art. For example, common
formats include sandwich assays and competition or dis-
placement assays. Hybridization techniques are generally
described in, e.g., “Nucleic Acid Hybridization, A Practical
Approach,” Eds. Hames and Higgins, IRL Press (1985).

The sensitivity of the hybridization assays may be
enhanced through use ofa nucleic acid amplification system
which multiplics the target nucleic acid being detected. In
vitro amplification techniques suitable for amplifying
sequences for use as molecular probes or for generating
nucleic acid fragments for subsequent subcloning are known.
Examples of techniques sufficient to direct persons of skill
through such in vitro amplification methods, including the
polymerase chain reaction (PCR) the ligase chain reaction
(LCR), Qf-replicase amplification and other RNA poly-
merase mediated techniques (e.g., NASBA™) are found in
Sambrook ct al., In Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press (2000); and
Ausubelet al., Sort Protocors In MoLecuLar Bro.ocy,eds.,
Current Protocols, Greene Publishing Associates, Inc. and
John Wiley & Sons, Inc. (2002); as well as U.S. Pat. No.
4,683,202; PCR Protocols, A Guide to Methods and Appli-
cations (Innis et al. eds.) Academic Press Inc. San Diego,
Calif. (1990); Arnheim & Levinson (Oct. 1, 1990), C&EN 36;
The Journal OfNIHResearch, 3:81 (1991); Kwohet al., Proc.
Natl. Acad. Sci. USA, 86:1173 (1989); Guatelli et al., Proc.
Natl. Acad. Sci. USA, 87:1874 (1990); Lomell et al., J. Clin.
Chem., 35:1826 (1989); Landegrenet al., Science, 241:1077
(1988); Van Brunt, Biotechnology, 8:291 (1990); Wu and
Wallace, Gene, 4:560 (1989); Barringer et al., Gene, 89:117
(1990); and Sooknanan and Malek, Biotechnology, 13:563
(1995). Improved methods of cloning in vitro amplified
nucleic acids are described in U.S. Pat. No. 5,426,039. Other
methods described in the art are the nucleic acid sequence
based amplification (NASBA™, Cangene, Mississauga,
Ontario) and QB-replicase systems. These systems can be
used to directly identify mutants where the PCR or LCR
primers are designed to be extended or ligated only when a
select sequenceis present. Alternatively, the select sequences
can be generally amplified using, for example, nonspecific
PCRprimers and the amplified target region later probed for
a specific sequence indicative of a mutation. The disclosures
of the above-described references are herein incorporated by
referencein their entirety for all purposes.

Nucleic acids for use as probes, e.g., in in vitro amplifica-
tion methods, for use as gene probes, or as inhibitor compo-
nents are typically synthesized chemically according to the
solid phase phosphoramidite triester method described by
Beaucageet al., Tetrahedron Letts., 22:1859 1862 (1981),
e.g., using an automated synthesizer, as described in 5
Needham VanDevanter et al., Nucleic Acids Res., 12:6159
(1984). Purification of polynucleotides, where necessary, is
typically performed byeither native acrylamide gel electro-
phoresis or by anion exchange HPLCas described in Pearson
et al., 2 Chrom., 255:137 149 (1983). The sequence of the
synthetic polynucleotides can be verified using the chemical
degradation method of Maxam and Gilbert (1980) in Gross-
man and Moldave(eds.) Academic Press, NewYork, Methods
in Enzymology, 65:499,

Analternative means for determining the level of transcrip-
tion is in situ hybridization. In situ hybridization assays are
well-known and are generally described in Angerer et al.,
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Methods Enzymol., 152:649 (1987). In an in situ hybridiza-
tion assay, cells are fixed to a solid support, typically a glass
slide. IDNA is to be probed, the cells are denatured with heat
or alkali. The cells are then contacted with a hybridization
solution at a moderate temperature to permit annealing of
specific probes that are labeled. The probes are preferably
labeled with radioisotopes or fluorescent reporters.

 VII. Examples

The present invention will be described in greater detail by
way of specific examples. The following examples are
offered for illustrative purposes, and are not intended to limit
the invention in any manner. Those of skill in the art will
readily recognize a variety of noncritical parameters which
can be changed or modified to yield essentially the same
results.

Example 1

Materials and Methods

siRNA:

All siRNA molecules used in these studies were chemi-

cally synthesized by the University ofCalgary (Calgary, AB)
or Dharmacon Inc. (Lafayette, Colo.). The siRNAs were
desalted and annealed using standard procedures.

Lipid Encapsulation of siRNA:

In some embodiments, siRNA molecules were encapsu-
lated into nucleic acid-lipid particles composedofthe follow-
ing lipids: the lipid conjugate PEG-cDMA (3-N-[(-Methoxy-
poly(ethylene glycol)2000)carbamoyl]-1,2-
dimyristyloxypropylamine); the cationic lipid DLinDMA
(1,2-Dilinoleyloxy-3-(N,N-dimethyl)aminopropane); the
phospholipid DPPC (1,2-Dipalmitoyl-sn-glycero-3-phos-
phocholine; Avanti Polar Lipids; Alabaster, Ala.); and syn-
thetic cholesterol (Sigma-Aldrich Corp.; St. Louis, Mo.) in
the molar ratio 1.4:57.1:7.1:34.3, respectively. In other
words, siRNAs were encapsulated into SNALPofthe follow-
ing “1:57” formulation: 1.4% PEG-cDMA; 57.1%
DLinDMA; 7.1% DPPC; and 34.3% cholesterol. In other
embodiments, siRNA molecules were encapsulated into
phospholipid-free SNAL.P composedofthe followinglipids:
the lipid conjugate PEG-cDMA; the cationic lipid
DLinDMA,;andsynthetic cholesterol in the molarratio 1.5:
61.5:36.9, respectively. In other words, siRNAs were encap-
sulated into phospholipid-free SNALP ofthe following
“1:62” formulation: 1.5% PEG-cDMA; 61.5% DLinDMA;
and 36.9%cholesterol. For vehicle controls, empty particles
with identical lipid composition were formed in the absence
of siRNA.It should be understoodthat the 1:57 formulation

and 1:62 formulation are target formulations, and that the
amountoflipid (both cationic and non-caticnic) present and
the amountof lipid conjugate present in the formulation may
vary. Typically, in the 1:57 formulation, the amountofcat-
ionic lipid will be 57 mol %=+5 mol %, and the amountoflipid
conjugate will be 1.5 mol %+0.5 mol %, with the balance of
the 1:57 formulation being made up of non-cationic lipid
(e.g., phospholipid, cholesterol, or a mixture of the two).
Similarly, in the 1:62 formulation, the amount ofcationic
lipid will be 62 mol % t 5 mol %, and the amountof lipid
conjugate will be 1.5 mol % f0.5 mol %, with the balance of
the 1:62 formulation being made up of the non-cationic lipid
(e.g., cholesterol).
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Example 2 geting Eg5 therefore provides a simple biological readout of
in vitro transfection efficiency. Cell viability of in vitro cell

Eg5 siRNA Formulated as 1:57 SNALP are Potent cullures was assessed using the commercial reagent CellTi-
Inhibitors of Cell Growth In Vitro ter-Blue® (Promega Corp.; Madison, Wis.), a resazurin dye

5 thatis reduced by metabolically active cells to the fluorogenic
SNAT_P formulations were prepared with an siRNAtarget- product resorufin. The human colon cancer cell line HT29

ing EgS as the nucleic acid component. Eg5 isa member of—_was cultured using standard tissue culture techniques. 72
kinesin-related proteins that are involved in functionsrelated hours after SNALP application, CellTiter-Blue® reagent was
to movements oforganelles, microtubules, or chromosomes addedto the culture to quantify the metabolic activity of the
along microtubules. These functions include axonal trans- ,,
port, microtubule sliding during nuclear fusion or division,
and chromosomedisjunction during meiosis and early mito-
sis. Eg5 plays a critical role in mitosis of mammaliancells.
The Eg5 siRNA usedin this study is provided in Table 1. The only. . .
modifications involved introducing 2'OMe-uridine at FIG. 1 showsthat the 1:57 SNALP formulation containing
selected positions in the sense and antisense strands of the 15 Fg5 2263 U/U siRNA was amongthe most potent inhibitors
Eg5 2263 siRNA sequence, in which the siRNA duplex con- of tumorcell growth at all siRNA concentrationstested (see,
tained less than about 20% 2'OMe-modified nucleotides. FIG. 1B, Sample 9).

cells, which is a measure ofcell viability. Data are presented
as a percentof cell viability relative to (‘untreated’) control
cells that received phosphate buffered saline (PBS) vehicle

TABLI GI 1

siRNA duplex comprising sense and antisense Eq5 RNA polynucleotides.

% 2'O0Me- % Modified
Modification Eg5 2263 siRNA sequence SEQ ID NO: Modified in DS Region

u/U 5 ' -CUGAAGACCUGAAGACAAUGTAT-3' 1 6/42 = 14.3% 6/38 = 15.8%
3! -dTdTGACUUCUGGACUUCUGUUA-5' 2

  
 
 
   
   

column 1: * YA duplex;
Column 2: icated in bold and underlined. The siRNA duplex can
alternati 2'-deoxy-2'-fluocro (2'F) nucleotides, 2'-deoxy nucleot
2'-O- (2-methoxyethyl) (MOE) nucleotides, and/or locked nucleic acid (LNA) nucleotides “dIv =
deoxythymidine.
Column 3: The number and percentage of 2'OMe-modified nuclectides in the siRNA duplex ars provided.

 Column 4: The number and percentage of modified nucleotides in the double-stranded (DS) region of the
SIRNA duplex are provided.

The lipid components and physical characteristics of the Example 3

SNALP formulations are summarized in Table 2. The lipid: 35
drugratio is described in units ofmg totallipidper mg nucleic ApoB siRNA Formulated as 1:57 SNALPhave
acid. Meanparticle size and polydispersity were measured on Potent Silencing Activity In Vivo
a Malvern Instruments Zetasizer. Encapsulation of nucleic
acid was measured using a Ribogreen assay essentially as SNALPformulations were prepared with an siRNAtarget-
described in Heyes et al., Journal of Controlled Release, ing apolipoprotein B (ApoB)as the nucleic acid component.
107:276-287 (2005). ApoBis the main apolipoprotein of chylomicrons and low

TABLE2

Characteristics of the SNALPformulations used in this study. 

 
  

Formulation Composition, Mole % Finished Product Characterization

Sample PEG(2000)-C- Lipid/Drug Size %
No. DMAIDLinDMAIDPPC|Cholesterol Ratio (am) Polydispersity Encapsulation

2!40/10/48 12.4 37 0.07 90
14.0 72 0.12 89
16.5 70 0.12 92
18.1 76 0.07 93
13.5 33 0.27 86
15.1 58 0.18 87
17.6 56 0.17 92
19.2 61 0.13 92
17.8 84 0.10 88

10 :1.3153.3/13.3|32.0 19.5 83 0.10 89
11s 1.1142.615.3151.1 22.0 80 0.10 93
12 1.0140.4/10.1148.5 23.6 78 0.11 88
13 -2.8156.317.0133.8 19.0 62 0.14 80
14 2.6/52.6113.2131.6 20.6 66 0.14 82
1S 2.1142.115.3150.5 23.1 71 0.16 91
16 2/40/10/48 24.7 67 0.14 92

 
Silencing of Eg5 by siRNAtransfection causes mitotic 65 density lipoproteins (LDL). Mutations in ApoB are associ-

arrest and apoptosis in mammalian cells. Cell viability fol- ated with hypercholesterolemia.ApoB occurs in the plasma
lowing transfection with SNALP containing an siRNAtar- in 2 main forms, ApoB48 and ApoB 100, which are synthe-
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sized in the intestine andliver, respectively, due to an organ-
specific stop codon. The ApoB siRNA used in this study is
provided in Table 3. The modifications involved introducing
2'OMe-uridine or 2'OMe-guanosine at selected positions in
the sense and antisense strands ofthe ApoB siRNAsequence,
in which the siRNA duplex contained less than about 20%
2'OMe-moditied nucleotides.

TABLI GJ 3

72

BALB/c mice (female,at least 4 weeks old) were obtained
from Harlan Labs. After an acclimation period(ofat least 7
days), animals were administered SNALP by intravenous
(IV)injection in the lateral tail vein once daily on Study Day
0 (1 dose total per animal). Dosage was 1 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 wl). As a negative control, one

siRNA duplex comprising sense and antisense ApoB RNA polynucleotides.

 

  

$ 2'OMe- % Modified

Position Modification ApoB siRNA sequence SEQ ID NO: Modified in DS Region

10048 u2/2 G1/2 5'-AGUGUCAUCACACUGAAUACC- 3! 3 7/42 = 16.7% 7/38 = 18.4%
3 '-GUUCACAGUAGUGUGACUUAU-5! 4

Colum L: The number refers Lo the nucleolide position of Lhe 5' base of Lhe sense slrand relative Lo Lhe mouse
ApoB MRNA sequence XM_137955.

 
 

  

Column 2: The numbers refer to t ion of 2'OMe
ted in hola Column 3: 2'OMe-mocified nucleotides are ind

or additionally comprise 2'-deoxy-2!-=
deolides, and/or locked nucleic a

4: The number and percertage of 2'O
Column 5: The num
duplex are provided.

 
d (LNA)  nud] 

 

The lipid components and physical characteristics of the
formulations are summarized in Table 4. The lipid:drug ratio
is described in units of mg total lipid per mg nucleic acid.
Meanparticle size and polydispersity were measured on a
Malvern Instruments Zetasizer. Encapsulationofnucleic acid
was measured using a Ribogreen assay essentially as
described in Heyes et al., Journal of Controlled Release,
107:276-287 (2005).

TABL] tT] 4

d underlined
(2'F) nucleotides, 2'-deoxy nucleotides, 2'-9- (2-methoxyethyl)Olides.

and percentage of modified nucleotices in the double-stranded (DS)

chemical modifications in each strand.
The siRNA duplex can alternatively
 

-modified nucleotides in the siRNA duplex are provided.
region of the siRNA

group of animals was given an IV injection of phosphate

buffered saline (PBS) vehicle. On Study Day 2, animals were
euthanized andliver tissue was collected in RNAlater.

Liver tissues were analyzed for ApoB mRNAlevels nor-

malized against glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) mRNAlevels using the QuantiGene assay (Pa-

Characteristics of the SNALP fonnulations used in this study.

 
          

Formulation Composition Lipid/Drug

Group Lipid Name & Mole % Ratio

2  PEG(2000)-C-DMAIDLinDMA!DPPC Cholesterol 24
2140110/48

3. PEG(2000}-C-DMAIDLinDMA!Cholesterol 0.7
2.2144.4153.3

4 PEG(2000)-C-DMAIDLinDMA!IDOPCCholesterol 2.5
2/4011 0/48

5 PEG(2000}-C-DMAIDLinDMA!IDMPC Cholesterol! 2.2
2140110/48

6 PEG(2000}-C-DMAIDLinDMA!DPPE|Cholestero! 3.8
-8136.4|18.2143.6

7 PEG(2000)-C-DMAIDLinDMA!DPPC|Cholestanol 24
2140/10/48

8 PEG(2000)-C-DMAIDLinDMA!IDPPCiCholesterol 6.5
4127.016.8164.9

9 PEG(2000)-C-DMAIDLinDMA|DPPC Cholesterol 8.1
.3125,3112.7160.8

10 PEG(2000}-C-DMAIDLinDMA!DPPCiCholesterol 9.2
2.5125.0112.5160.0

11 PEG(2000)-C-DMAIDLinDMA!IDPPCCholesterol 78
w4157.117.4/34.3

12. PEG(2000)-C-DMAIDLinDMA/DPPCiCholesteral 23.6
-0140.4110.1148.5

13 PEG(2000)-C-DMAIDLinDMA!DPPC 8.7
2170/28

14. PEG(2000)-C-DMAIDLinDMAIDPPC 11.3
-6154.7143.8

   

Finished Product Characterization

Size (am)

66

56

60

60

79

72

73

65

Polydispersity % Encapsulation

0.15 93

0.17 91

0.16 92

0.11 92

0.16 93

0.12 92

0.10 93

0.13 92

0.13 93

0.09 94

0.11 93

0.09 87

O11 87
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nomics; Fremont, Calif.) essentially as described in Judgeet
al., Molecular Therapy, 13:494 (2006).

FIG. 2 showsthat the 1:57 SNALP formulation containing
ApoB10048 U2/2 G1/2 siRNA was the mostpotent at reduc-
ing ApoB expression in vivo (see, Group 11).

Example 4

ApoB siRNA Formulated as 1:57 SNALP have
Potent Silencing Activity In Vivo

SNALP formulations were prepared with the ApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics ofthe formulations are summarized in Table 5. The

lipid:drug ratio is described in units of mg total lipid per mg
nucleic acid. Meanparticle size and polydispersity were mea-
sured on a Malvern Instruments Zetasizer. Encapsulation of
nucleic acid was measured using a Ribogreen assay essen-
tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).

TABLE 5

Characteristics of the SNALP formulations used_in this study. 

SNALP Particle Size %
{L:Dratio) siRNA Payload (Polydispersity)|Encapsulation

2:30 (13) ApoB-10048 U2/2 G1/2 65 nm (0.16) 88
1:57 (9) ApoB-10048 U2/2 G1/2 74 nm (0.10) 89

10

5

74

encapsulated siRNAper kg body weight, corresponding to 10
ni/kg (rounded to the nearest 10 yl). As a negative control,
one group of animals was given IVinjections of phosphate
buffered saline (PBS) vehicle. On Study Day7, 72 hafter the
last treatment, animals were euthanized andliver tissue was
collected in RNAlater.

Liver tissues were analyzed forApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNAlevels using the QuantiGene assay (Pa-
nomics; Fremont, Calif.) essentially as described in Judge et
al., Molecular Therapy, 13:494 (2006).

FIG. 3 showsthat the 1:57 SNALP containingApoB 10048
U2/2 G1/2 siRNA was more than 10 times as efficacious as

the 2:30 SNALPin mediating ApoB genesilencing in mouse
liver at a 10-fold lower dose,

Example 5

ApoB siRNA Formulated as 1:57 or 1:62 SNALP
have Potent Silencing Activity In Vivo

SNALPformulations were prepared with theApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics ofthe formulations are summarized in Table 6. The

lipid:drug ratio is described in units of mg total lipid per mg
nucleic acid. Meanparticle size and polydispersity were mea-
sured on a Malvern Instruments Zetasizer. Encapsulation of
nucleic acid was measured using a Ribogreen assay essen-
tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).

TABLE6

Characteristics of the SNALP formulations used in this study.

 

  

 
 

Formulation Composition Lipid/Drug Finished Product Characterization

Group Lipid Name & Mole % Ratio Size(mm) Polydispersity % Encapsulation

2 PEG(2000)-C-DMAIDLinDMAIDPPCCholesterol 8.9 76 0.06 89
4157.117.1134.3

3 PEG(2000)-C-DMA/|DLinDMA[Cholesterol 8.1 76 0.04 86
-5/61.5136.9

4 PEG(2000)-C-DMAiDODMAIDPPC Cholesterol 9.0 72 0.05 95
4157.117.1/34.3

5 PEG(5000)-C-DMA/DLinDMA/DPPC |Cholesterol 9.6 52 0.16 89
4157.117.1134.3

6 PEG(2000}-C-DMA!DLinDMAIDPPC!Cholestanol 8.9 68 0.10 94
AIS7.117.1134.3

7 PEG(2000)-C-DMAIDLinDMAIDPPE|Cholesterol 8.9 72 0.07 95
4157.117.1134.3

8 PEG(2000)-C-DMAIDLinDMAIDPPC 8.6 74 0.13 86
-8170.2/28.1

 
The 2:30 SNALP formulation used in this study is lipid

composition 2:30:20:48 as described in molar percentages of
PEG-C-DMA, DLinDMA, DSPC, and cholesterol (in that
order). This formulation was prepared by syringe press at an 4
input lipid to drug (L:D) ratio (mg:mg) of 13:1.

The 1:57 SNALP formulation used in this study is lipid
composition 1.5:57.1:7:34.3 as described in molar percent-
ages ofPEG-C-DMA, DLinDMA,DPPC,and cholesterol (in
that order). This formulation was prepared by syringepress at
an input lipid to drug (L:D)ratio (mg:mg)of 9:1.

BALB/c mice (female, 4 weeks old) were obtained from
Harlan Labs. After an acclimation period (ofat least 7 days),
animals were administered SNALP by intravenous (IV)
injectionin the lateral tail vein once daily on Study Days0,1,
2,3 & 4 fora total of 5 doses per animal. Daily dosage was
either 1.0 (for 2:30 SNALP) or 0.1 (for 1:57 SNALP) mg

BALB/c mice (female,at least 4 weeks old) were obtained
from Harlan Labs. After an acclimation period (ofat least 7
days), animals were administered SNALP by intravenous
(IV) injection in the lateral tail vein once daily on Study Day
0 (1 dose total per animal). Dosage was 0.75 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 pl). As a negative control, one
group of animals was given an IV injection of phosphate
buttered saline (PBS) vehicle. On Study Day 2, animals were
euthanized andliver tissue was collected in RNAlIater.

Liver tissues were analyzed for ApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNAlevels using the QuantiGene assay (Pa-
nomics; ['remont, Calif.) essentially as described in Judge et
al., Molecular Therapy, 13:494 (2006).
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FIG. 4 showsthat the 1:57 and 1:62 SNALP formulations

had comparable ApoB silencing activity in vivo (see, ¢.g.,
Groups 2 & 3).

Example 6

ApoB siRNA Formulated as 1:62 SNALP have
Potent Silencing Activity In Vivo

SNALP formulations were prepared with the ApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics of the formulations are summarized in Table 7.

Thelipid:drug ratio is described in units of mgtotal lipid
per mg nucleic acid. Mean particle size and polydispersity
were measured on a Malvern Instruments Zetasizer. Encap-
sulation of nucleic acid was measured using a Ribogreen
assay essentially as described in Heyes et al., Journal of
Controlled Release, 107:276-287 (2005).

TABLE 7

Characteristics of the SNALP formulations used in this study. 

 

Formulation Finished
Composition, Mole % Lip:d/ Product Characterization

PEG(2000)-C-DMA| Drug Size Poly- % Encap-
Group DLinDMAICholestero] Ratio (am) dispersity—sulation

2 5161.5/36.9 6.1 80 0.07 92
3 6.6 74 0.05 89
4 2. 6.2 71 O11 9
5 6.7 67 0.09 9
6 74 91 0.06 89
7 -2/61.8/37.1 8.0 87 0.10 90
8 -7167.8/30.5 7.6 81 0.07 9
9 4156.3142.3 8.6 75 0.11 92

10 .9161.3136.8 8.2 72 0.10 9
11 -8156.1/42.1 8.8 70 0.10 90
12 -3166.7132.0 95 89 0.09 89
13 .2161.7/37.0 10.0 87 0.10 9
14 -7166.4131.9 9.6 82 0.11 90
15 5161.5136.9 10.1 719 0.10 9

   
BALB/c mice (female, at least 4 weeks old) were obtained

from Harlan Labs. After an acclimation period (of at least 7
days), animals were administered SNALP by intravenous
(IV) injection in the lateral tail vein once daily on Study Day
0 (1 dosetotal per animal). Dosage was 0.1 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 ul). As a negative control, one
group of animals was given an IV injection of phosphate
buffered saline (PBS) vehicle. On Study Day 2, animals were
euthanized andlivertissue was collected in RNAlater.

Liver tissues were analyzed forApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNAlevels using the QuantiGene assay (Pa-
nomics; Fremont, Calif.) essentially as described in Judgeet
al., Molecular Therapy, 13:494 (2006).

FIG. 5 showsthat the 1:62 SNALP formulation was one of

the most potent inhibitors ofApoBexpression at two different
lipid:drug ratios (i.e., 6.1 & 10.1) among the phospholipid-
free SNALP formulations tested (see, Groups 2 & 15).

Example 7

In Vivo Silencing ofApoB Expression Using 1:57
SNALPPrepared Via a Syringe Press or Gear Pump

Process

This study illustrates a comparisonofthe tolerability and
efficacy ofthe 1:57 SNALP formulation withApoB-targeting
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siRNA as prepared by various manufacturing processes. In
particular, 1:57 SNALP was prepared by a syringe press or
gear pump process using either PBS orcitrate buller (post-
blend dilution) and administered intravenously in mice.
Experimental Design

Animal Model: Female BAT.B/c mice, 5 wks old, n=4 per
group/cage.

siRNA payload: ApoB10048 U2/2 G1/2 siRNA.
Tolerability:

IVInjection

siRNA.
mg/kg

Lipid
Group Formulation mg/kg

1 PBS vehicle Standard 10 mL/kg volume
2 1157 Citrate Direct Dil, Syringe Press 7 TW
3 1157 PBS Direct Dil, Syringe Press 7 96
4 1157 PBS Direct Dil, Gear Pump 7 7
5 1157 Citrate Direct Dil, Syringe Press 9 99
6 1157 PBS Direct Dil, Syringe Press 9 123
7 1157 PBS Direct Dil, Gear Pump 9 102

Efficacy:

IV Injection

siRNA
mg/kg

Lipid
Group Formulation mg/kg

8 PBSvehicle Standard 10 mL/kg volume
9 1157 PBS Direct Dil, Syringe Press 0.05 0.68

10 1157 PBS Direct Dil, Gear Pump 0.05 0.57
11-1157 PBS Direct Dil, Syringe Press 0.1 1.36
12. 1157 PBS Direct Dil, Gear Pump O.1 1.13

Formulation:

Formulations are provided at 0.005 to 0.9 mg siRNA/mL,
0.22 wmfilter sterilized in crimp top vials.

Formulation Details:

1. Lipid composition “1157 Citrate blend” used in this
studyis 1.4:57.1:7.1:34.3 as deseribed in molar pereent-
ages of PEG-C-DMA, DLinDMA, DPPC,and choles-
terol (in that order). This formulation has an inputlipid
to drugratio of 8.9.

2. Gear pumpset up included 0.8 mm ‘I-connector and 400
mL/min speed.

3. siRNA used in this study is apoB-10048 U2/2 G1/2
siRNA.

Formulation Summary:

Particle Size

1:57 Q:1) + Zavg % Final L:D
DOWsiRNA (um) Poly Encap (mg:mg)

322-050807-1 Syringe 79 0.12 92 13.6
PBSBlend

322-050807-2 Syringe 86 O11 91 11.0
Citrate Blend

322-050807-3 Gear PBS 80 0.09 93 11.3
Blend

Procedures

Treatment: Just prior to the first treatment, animals are
weighed and dose amountsare calculated based on the weight
of individual animals (equivalent to 10 mL/kg, roundedto the
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nearest 10 pl). Test article is administered by IVinjection
throughthe tail vein once on Day 0 (1 dose total per animal).
Body weight is measured daily (every 24 h) for the duration of
the study. Cage-side observations are taken daily in concert
with body weight measurements and additionally as war-
ranted.

Group 1-7 Endpoint:
Animals are sacrificed on Day1, 24 h after test article

administration. Blood is collected by cardiac puncture upon
sacrifice. Whole amountis collected into a SST microtainer

for serum. Clot for 30 (to 60) min at room temp., centrifuge
for 5 min at 16,000xg & 16° C., invert to confirm centrifuga-
tion is complete, and store at 4° C. Analyze complete small-
animal clinical chemistry panel plus AST and SDH. ‘lop
priority list! ALT, AST, SDH, Bilirubin, Alkaline Phos-
phatase, GGT, BUN, CPK, Glucose. Secondary priority list:
Creatinine,Albumin, Globulin, Total Protein.

Group 8-12 Endpoint:
Animals are sacrificed on Day 2, 48 h after test article

administration. Blood is collected by cardiac puncture and
processed for plasma. Immediately centrifuge for 5 min at
16,000xg (at 16° C.). Record any observations of unusual
plasma appearance. Pipette off clear plasma supernatantinto
a clean microfuge tube and store at -80° C. The following
tissues are removed and weighedseparately: liver and spleen.
The bottom (unattached) halfofthe left liver lobe is detached ,
and submerged in >5 volumes of RNAlater (<0.3 gin 1.5 mL
RNAlater in 2.0 mL tube), stored at least 16 hours at 4° C.
prior to analysis and long term storage at -20° C. or -80° C.
for archival purposes. Formulations are expected to be well
tolerated. Mice which exhibit signs ofdistress associated with
the treatment are terminatedat the discretion of the vivartum
staff.

Termination:
Mice are anaesthetized with a lethal dose of ketamine/

xylazine; then cardiac puncture is performed followed by
cervical dislocation.

Data Analysis:
Tolerability of treatment regime is monitored by animal

appearance and behavior as well as body weight. Bloodclini-
cal chemistry is measured by automated analyzer. ApoB and
GAPDIT mRNAlevels in liver are measured via QG assay.
ApoBprotein in plasma is measured via ELISA. Total cho-
lesterol in plasma is measured via standard enzymatic/colo-
rimetric assay.
Results

There wasno body weightloss or change in animal appear-
ance/behavior upon administration of the 1:57 SNALPfor-
mulations. FIG. 6 showsthat the tolerability of SNALP pre-
pared by citrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters. There was a tolerability difference between
syringe citrate and syringe PBSat constant siRNA dosage,
but that waslikely an artifact dependenton the different final
lipid:drug (L:D)ratios ofthese two preparations.

FIG. 7 showsthattheefficacy ofthe 1:57 SNALPprepared
by gear pump was similar to the same SNALP prepared by 5
syringe press. The tolerability profile was improved with the
gear pump process, which could be attributed to increased
initial encapsulation rate and decreasedfinal L:D ratio.

Example 8

In Vivo Silencing ofApoB Expression Using 1:57
SNALPPrepared Via a Direct Dilution or In-Line

Dilution Process

This study illustrates a comparisonofthe tolerability and
efficacy ofthe 1:57 SNALP formulation withApoB-targeting
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siRNA as prepared by a direct dilution or in-line dilution
process at an input lipid to drug ratio of 6:1 or 9:1.

Experimental Design
Animal Model: Female BALB/c mice, 7 wksold.

siRNA payload: ApoB10048 U2/2 G1/2 siRNA.
CBC/Diff:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

1 3 PBS _— _—

2 3 1157 SNALP (9:1) 7 mg/kg 71 mg/kg

3 3 1157 SNALP (9:1) 11 mg/kg 112 mg/kg

Clinical Chemistry:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

 

4 4 PBS —_— —_—

5 4 1157 SNALP (9:1) 9 mg/kg 92 mg/kg
6 4 1157 SNALP (9:1) 11 mg/kg 112 mg/kg
7 4 (6:1) New 1157 SNALP 11 mg/kg 78 mgikg
8 4 (6:1) New 1157 SNALP 13 mg/ky 93 mg/kg
9 4 (6:1) New 1157 SNALP 15 mg/kg 107 mg/kg

10 4 (6:1) New 1157 SNALP 17 me/kg 121 mgke
ll 4 1157 SNALP (9:1) 11 mg/kg 112 mg/kg

Activity:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

12 A PBS
13 4 1157 SNALP (9:1) 0.05 mg/kg 0.51 mg/ke
14 4 1157 SNALP (9:1) 0.1 mg/kg 1.02 mg/kg
15 4 1157 SNALP (9:1) 0.2 mg/kg 2.04 mg/kg
16 4 (6:1) New 1157 SNALP 0.05 mg/kg 0.36 mg/kg
17 4 (6:1) New1157 SNALP 0.1 mg/kg 0.71 mg/kg
18 4 (6:1) New 1157 SNALP 0.2 mg/kg 1.42 ng/kg
19 4 (6:1) New 1157 SNALP 0.4 mg/kg 2.85 mg/kg

Formulation:

Formulations are provided at 0.005 to 1.7 mg siRNA/mL,
0.22 ym filter sterilized in crimp top vials.

Formulation Details:

1. “1/57 SNALP”used in this study is lipid composition
1.4:57.1:7.1:34.3 as described in molar percentages of
PEG-C-DMA, DLinDMA, DPPC, and cholesterol (in
that order). This formulation was prepared by gear pump
at an inputlipid to drug ratio of 9:1 (28 mM lipids) or 6:1
(14 mMlipids).

2. siRNA used in this study is apoB-10048 U2/2 G1/2
siRNA.
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Formulation Summary:

1157 SNALP
Gear PBS Particle Size Final L:D

In-Line Zavg (um) Poly % Encap (mg:mg)

322-051407-1 Input 9:1 78 0.07 93 10.2
322-051407-2 Input 6:1 81 0.05 92 7A

Procedures
Treatment:

Just prior to the first treatment, animals are weighed and
dose amounts are calculated based on the weight ofindividual
animals (equivalent to 10 mI./kg, rounded to the nearest 10
ul). Testarticle is administered byIVinjection throughthetail
vein once on Day 0 (1 dose total per animal). Body weightis
measured daily (every 24 h) for the duration of the study.
Cage-side observations are taken daily in concert with body
weight measurements and additionally as warranted.

Endpoint:
Animals are sacrificed on Day 1, 24 h after test article

administration (Grps 1-10) or on Day 2, 48 h after test article
administration (Grps 11-19).

Groups 1-3:
Blood is collected by cardiac puncture upon sacrifice.

Whole amountis collected into an EDTA microtainer, mixed

immediately to prevent coagulation, and sent for analysis of
CBC/Diffprofile. Perform brief necropsy.

Groups 4-11:
Bloodis collected by cardiac puncture into a SST micro-

tainer for serum. Clot for 30 (to 60) min at room temp.,
centrifuge for 5 min at 16,000xg & 16° C., invert to confirm
centrifugation is complete, and store at 4° C. Analyze com-
plete small-animal clinical chemistry panel plus AST and
SDH.Top priority list: ALT, AST, SDH, Bilirubin, Alkaline
Phosphatase, GGT, BUN, CPK, Glucose. Secondary priority
list: Creatinine, Albumin, Globulin, Total Protein. Perform
brief necropsy.

Groups 12-19:
Bloodis collected by cardiac puncture and processed for

plasma: immediately centrifuge for 5 min at 16,000xg (at 16°
C.). Record any observations of unusual plasma appearance.
Pipette off clear plasma supernatant into a clean microfuge
tube andstore at -80° C. The following tissues are removed:
liver. Theliver is not weighed; the bottom (unattached) halfof
the left liver lobe is detached and submerged in >5 volumes of
RNAlater (<0.3 gin 1.5 mL RNAlater in 2.0 mL tube), stored
at least 16 hours at 4° C. prior to analysis and long term
storage at -80° C. Formulations are expected to be well
tolerated. Mice which exhibit signs ofdistress associated with
the treatment are terminatedat the discretion of the vivartum
staff.

Termination:
Mice are anaesthetized with a lethal dose of ketamine/

xylazine; then cardiac puncture is performed followed by
cervical dislocation.

Data Analysis:
Tolerability of treatment regime is monitored by animal

appearance and behavior, and body weight. Blood clinical
chemistry and CBC/Diff profile is measured by automated
analyzer. Liver ApoB mRNAis measured using the Quanti-
Gene Assay.

Plasma ApoB-100 is measured using ELISA. Plasmatotal
cholesterol is measured using a standard enzymatic assay.
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Results

Tolerability:
T'IG. 8 shows that there was very little effect on body

weight 24 hours after 1:57 SNALP administration. The maxi-
mum weight loss of 3.6+0.7% was observed at the highest
drug dose of 17 mg/kg. There was also no obvious change in
animal appearance/behaviorat any of the dosagestested.

FIG. 9 showsthat there were no obvious changesinplatelet
count. Reduction of platelets can cause the mean platelet
volume to increase as the body produces new platelets in
compensation for the treatment-related decrease. Under the
conditions of this study, the mean platelet volume did not
change in SNALP-treated proups.

FIG. 10 shows that clinically significant liver enzyme
elevations (3xULN) occurredat drug dosagesof 11 mg/kg for
1:57 SNALPata lipid:diug (L:D)ratio of 10, and at 13 mg/kg
ataL:D of7.A slight dose response trend upwardsin plasma
total protein and globulin wasalso observed.
Efficacy:

FIG. 11 shows that based on the liver mRNA QuantiGene
analysis, the potencyofthe lower L:D SNALPwasas good as
that of the higher L:D SNALPat the tested drug dosages. In
fact, the ApoB silencing activity was identicalat the 0.05 and
0.1 mg/kg dosages. As such, the potency of the 1:57 SNALP
at a 6:1 input L:D ratio (final ratio of 7:1) was similar to the
potency ofthe 1:57 SNALPat a 9:1 input L:Dratio (final ratio
of 10:1) at reducing ApoB expression.

FIG, 12 shows that ApoB protein and total cholesterol
levels were reducedto a similar extent by the 1:57 SNALPat
a 6:1 input L:D ratio (final ratio of 7:1) and the 1:57 SNALP
at a 9:1 input L:D ratio (final ratio of 10:1).
Therapeutic Index:

This study demonstrates that both the 1:57 SNALP ata 6:1
input L:Dratio (final ratio of 7:1) and the 1:57 SNALP ata9:1
input L:D ratio (final ratio of 10:1) caused about 60% ApoB
liver mRNA silencing with a drug dose of 0.1 mg/kg.Inter-
polating from the available data points in FIG. 10, a 10:1 final
L:D ratio at 10 mg/kg may cause a similar degree of enzyme
elevation as a 7:1 final L:D ratio at 13 mg/kg. Using these
activity and toxicity points, the therapeutic index for the 1:57
SNALP at a 10:1 final L:D ratio is (10 mg/kg)/
(0.1 mg/kg)=100 and the therapeutic index for the 1:57
SNALP at a 7:1 final L:D ratio is (13 mg/kg)/(0.1 mg/
kg)=130. Usingthis dataset, the therapeutic index for the 1:57
SNALPat a 7:1 final L:D ratio is 30% greater thanthe thera-
peutic index for the 1:57 SNALPat a 10:1 final L:Dratio.

Example 9
In Vivo Silencing of PLK-1 Expression Using 1:57

SNALPIncreases Survival of Hep3B Tumor-Bearing
Mice

SNALP containing polo-like kinase 1 (PLK-1) siRNA
(1:57 SNALP formulation: 1.4% PEG-cDMA; 57.1%
DLinDMA;7.1% DPPC; and 34.3% cholesterol) were tested
for their effects on the survival of CD1 nu/nu mice bearing
[ep3Bliver tumors. PLK-1 is a serine/threonine kinase con-
taining two functional domains: (1) a kinase domain; and (2)
a polo-box domain(see, e.g., Barr et al., Nat. Rev. Mol. Cell
Biol., 5:429-440(2004)). The activity and cellular concentra-
tion of PLK-1 are crucial for the precise regulation of cell
division. PLK-1 is overexpressed in many cancer types
including hepatomaandcolon cancer, and PLK-1 expression
often correlates with poor patient prognosis. Overexpression
ofPLK-1 (wild-type or kinase inactive) results in multinucle-
ation (genetic instability). Hyperactive PLK-1 overrides the
DNA damage checkpoint. Constitutive PLK-1 expression
causes transformation of NIH 3T3 cells. PLK-1 phosphory-
lates the p53 tumor suppressor, thereby inhibiting the pro-
apoptotic effects ofp53. The PLK-1 siRNA usedinthis study
are provided in Table 8. The modifications involved introduc-
ing 2'OMe-uridine or 2'OMe-guanosineat selected positions
in the sense and antisense strands of the PLK-1 siRNA

sequence, in which the siRNA duplex contained less than
about 20% 2'OMe-modified nucleotides.

JA00141
GENV-00000141



JA00142

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 144 of 695 PageID #: 6935Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 144 of 695 PagelD #: 6935

US 8,492,359 B2
$1

TABLI OI 8

siRNA duplexes comprising sense and antisense PLK-1 RNA
polynucleotides.

82

 

SEQ
siRNA PLK-1 siRNA Sequence ID NO:

PLK1424 U4/GU 5 '- AGAUCACCCUCCUUAAAUANN- 3° 5
3 '-NNUCUAGUGGGAGGAAUUUAU-5! 6

PLK1424 U4/G 5'-AGAUCACCCUCCUUAAAUANN- 3! 5
3 | -NNUCUAGUGGGAGGAAUUUAU- 5" 7

% Modified in
DS Region

6/38 = 15.8%

7/38 = 18.4%
  
 ver after “PLK" refers to the rucl

cto the st coden (ATG)
 Column 1: Th

sense strand rela
lumn 2: 2'-O-methyl

       
 
duplex can alternatively or additionally comprise 2'!-deoxy-2'-fluore (2'F) nucleotides,

and/or locked nucleic
(U) ribonucleotide,

2'-deoxy nuclectides, 2'-O-(2-methoxy
acid (LNA) nucleot . N= deoxythym

ethyl) (MOE) nucleotid
ine (dT) nucleotias, wu  

 
 

 

ion of the 5!

 
 

  base of the

or ribonucleotide having conplementarity to the target secuence or the complementarystrand thereof.
Column 3:
region of the siRNA duplex are previded.

 
 

Experimental Groups 20
20 CD1 nu/nu mice were seeded as follows:

# Tumor # SNALP SNALP
Group Mice seeding SNALP Mice dosing IV dose

A 20to LH. Lue 1:57 9 Days 11, 14, 10 x 2 mg/kg
B seed 15x10 PLK 1424 9 17, 21, 25, 28,

Hep3B 1:57 32, 35, 39, 42

30

Test Articles

All samples werefilter-sterilized prior to dilution to work-
ing concentration. All tubes were labeled with the formula-
tion date, lipid composition, and nucleic acid concentration. 35
SNALP samples were provided at 0.2 mg/ml nucleic acid. A
minimumof 20 ml of each SNALP was required to perform
the study. Formulations for this study contained:

40

Group Test Article Description

A Luc U/U SNALP 1:57 (28 mMlipid)
B PLK1424 U4/GU SNALP1:57 (28 mMlipid)

PLK1424 U4/G SNALP 1:57 (28 mMlipid) 4s

Procedures

50
Day0 Mice will receive Anafen by SCinjection (100 ug in

20 yl saline) immediately prior to surgery. Individual
mice are anesthetized byisoflouranc gas inhalation
and eve lube applied to prevent excessive eye drying.
While maintained under gas anesthesia from a nose cone,
a single 1.5 cm incision across the midline will be made
below the sternum. The left lateral hepatic lobe is then
exteriorized using an autoclaved cotton wool bud. 25 ul
of tumorcells suspended in PBS is injected into the lobe
at a shallow angle using a leur tip Hamilton syringe
(50 wl and 30G 4") needle. Cells will be injected
slowly (~30 s) and a swab appliedte the puncture
wound immediately alter needle withdrawal. Afer any
bleeding has stopped (~1 min), the incision is closed
with 5-6 sutures in the muscle wall and 3-4 skin
clips. Cell suspensions will be thoroughly mixed
immediately prior to each injection. Mice will recover
from anesthesia in a clean cage lined with paper towel
and monitored closely for 2-4 hours. Animals
are then returned to normal housing.

nn a

60

65

he number and percentage of modified nucleotides in the double-stranded (DS)

Sacrifice Assay

When Survival
moribund Body Weights

Day 1

Day 10

Day11

Day 14-35

Termination:

Data Analysis:

Results

-continued

All mice will be lightly anesthetized by isoflourane gas
and the sutures examined. Animals will then receive

Anafen by SCinjection (100 pg in 20 ul saline).
Mice will be randomized into the appropriate treatment
groups.
Groups A, B - Day 11: All Animals will be administered
SNALPat 2 mg/kg byIV injection via the lateral tail vein.
Mice will be dosed according to body weight (10 ml/kg).
Dosing will be repeated for 5 consecutive days based on
initial weight.
Groups A, B - Days 14, 17, 21, 25, 28, 32,35: All
Animals will be re-administered SNALPat 2 mg/kg
by IVinjection via the lateral tail vein.
Mice will be dosed according to body weight (LO ml/kg).
Body weights Groups: Mice will be weighed on the day
of dosing for 5 weeks, then twice weekly until close of
the study.
Endpoint: Tumor burden and formulations are expected
to be well tolerated. Mice that exhibit signs of distress
associated with the treatrnent or tumor burdenare

 
terminated at the discretion ofthe vivarium staff.
Mice are anesthetized with a lethal dose of ketamine/

xylazine followed bycervical dislocation.
Survival and body weighis are assayed.

FIG. 13 shows the mean body weights of mice during
therapeutic dosing of PLK1424 SNALPin the Hep3Bintra-
hepatic (.H.) tumor model. The treatment regimen was well
tolerated with no apparent signs oftreatment-related toxicity.

FIG. 14 showsthat treatment with 1:57 SNALP-formu-

lated PLK1424 caused a significant increasein the survival of
Hep3B tumor-bearing mice. This in vivo anti-tumor effect
was observed in the absence of any apparent toxicity or
immune stimulation.
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Example 10

In vivo Silencing of PLK-1 Expression Using 1:57
SNALPInduces Tumor Cell Apoptosis in Hep3B

Tumor-Bearing Mice

The objectives of this study were as follows:
1. To determine the level ofmRNA silencing in established

Hep3Bliver tumors following a single TVadministration 1of PLK1424 SNALP.

2. To confirm the mechanism of mRNA silencing by
detecting specific RNA cleavage products using RACE-
PCR.

3. To confirm induction of tumor cell apoptosis by histo-
pathology.

The 1:57 SNALP formulation (1.4% PEG-cDMA; 57.1%
DLinDMA; 7.1% DPPC; and 34.3% cholesterol) was used
for this study.
Experimental Groups

20 SCID/beige mice were seeded as follows:

SNALP

# Tumor # dosing
Group Mice seeding SNALP Mice IV Sacrifice Assay

A 20to LH. PBS 6 1x2 24h Tumor

B seed 1x10° Luc 7 me/ke after QG
Hep3B 1:57 Day 20 treat- Tumor

Cc PLK 7 ment RACE-
1424 PCR
1:57 Histo-

pathol-
ogy

Test Articles

All samples werefilter-sterilized prior to dilution to work-
ing concentration. All tubes were labeled with the formula-
tion date, lipid composition, and nucleic acid concentration.
SNALP samples were provided at 0.2 mg/ml nucleic acid. A
minimum of 2 ml of SNALP was required to perform the
study. Formulations for this study contained:

Group Test Article Description

A PBS
B Luc U/U1:57 SNALP
Cc PLK1424 U4/GU 1:57 SNALP

Procedures

Day 0 Mice will receive Anafen by SC injection (100jig in
20 ul saline) immediately prior to surgery. Individual
Mice are anesthetized byisoflourane gas inhalation
and eye lube applied to prevent excessive eye drying.
While maintained under gas anesthesia from a nose cone,
a single 1.5 cm incision across the midline will be made
below the sternum. The left lateral hepatic lobe is then
exteriorized using an autoclaved cotton weol bud. 25 ul
of tumor cells suspended in PBS is injected into the
lobe at a shallow angle using a leur tip Hamilton syringe
(50 ul) and 30G (?") needle. Cells will be injected
slowly (~30 s} and a swab applied to the puncture wound
immediately after needle withdrawal. After any bleeding
has stopped (~1 min), the muscle wall incision is closed
with 5-6 sutures. The skin incision is then closed with
3-4 metal skin clips. Cell suspensions will be thoroughly
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-continued

mixed immediatelyprior to each injection. Mice will
recover from anesthesia in a clean cage lined with paper
towel and monitored closely for 2-4 hours. Animalsare
then returned to normal housing.

Day 1 All mice will be lightly anesthetized by isoflourane gas
and the sutures examined. Animals will then receive
Anaten by SC injection (100 jig in 20 ul saline}.

Day 7 Mice will be randomized into the appropriate treatment
groups.
Groups A-C: Mice will be weighed and then administered
either PBS, Luc, or PLK1424 SNALPbyIVinjection via
the lateral tail vein. SNALP will be dosed at 2 mg/kg or
equivalent vclume (10 ml/kg) according to body weight.
Groups A-C: All mice will be weighed andthen
euthanized by‘ethal anesthesia.
Tumorbearing liver lobes from all mice in each group
will be weighed and collected into RNALater for RNA
analysis.
Endpoint: Tumor burden and formulations are expected
to be well tolerated. Mice that exhibit signs of distress
associated with the treatment or tumor burden are
terminatedat the discretion of the vivarium staff.
Miceare anaesthetized with a lethal dose of ketamine/
xylazine followed by cervical dislocation.
mRNAanalysis of liver tumors by bONA (QG)assay
and RACE-PCR.
Tumorcell apoptosis by histopathology.

Day 20

Day 21

Termination:

Data Analysis:

 

Results

Body weights were monitored from Day 14 onwards to
assess tumor progression. On Day 20, 6 mice showing great-
est weight loss were randomized into each ofthe 3 groups and
treated. All six mice had substantial-large I.H. tumorsat sac-
rifice (Day 21). Treatment of the remaining 14 mice was
therefore initiated on the Day 21 (sacrifice Day 22). 10/14
mice had substantial tumors; 2/14 mice had small/probable
tumors; and 2/14 mice had no visible tumor burden.

FIG. 15 shows data from Quantigene assays used to mea-
sure human (tumor)-specific PLK-1 mRNAlevels. A single 2
mg/kg dose of 1:57 SNALP reduced PLK-1 mRNAlevels by
about 50% in intrahepatic Hep3Btumors growing in mice.

FIG. 16 shows that a specific cleavage product of PLK-1
mRNAwasdetectable in mice treated with PLK1424 SNALP

by 5' RACE-PCR.Nospecific PCR product was detectable in
micetreated witheither PBS or contro] (Luc) SNALP. Nucle-
otide sequencing ofthe PCRproduct confirmed the predicted
cleavage site by PLK1424 siRNA-mediated RNA interfer-
ence in the PLK-1 mRNA.

FIG. 17 shows Hep3B tumorhistology in micetreated with
either Luc SNALP(top) or PLK1424 SNALP (bottom). Luc
SNALP-treated mice displayed normal mitoses in Hep3B
tumors, whereas PLK1424 SNALP-treated mice exhibited

numerous aberrant mitoses and tumor cell apoptosis in
Hep3B tumors.
Conclusion

This example illustrates that a single administration of
PLK1424 1:57 SNALP to Hep3B tumor-bearing mice
inducedsignificant in vivo silencing of PLK-1 mRNA.This
reduction in PLK-1 mRNA was confirmed to be mediated by
RNAinterference using 5' RACE-PCRanalysis. Importantly,
PLK-1 mRNA silencing by the 1:57 SNALP formulation
profoundlydisrupted tumorcell proliferation (mitosis), caus-
ing subsequent apoptosis of tumorcells.As demonstrated in
the previous example, this anti-tumor effect translated into
extended survival times in the tumor-bearing mice.
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Example 11

Comparison of 1:57 PLK-1 SNALP Containing
Either PEG-cDMAor PEG-cDSA in a Subcutaneous

Hep3B Tumor Model

This example demonstrates the utility of the PEG-lipid
PEG-cDSA (3-N-[(-Methoxypoly(ethylene glycol)2000)car-
bamoyl]-1,2-distearyloxypropylamine) in the 1:57 formula-
tion for systemically targeting distal (e.g., subcutaneous)
tumors. In particular, this example compares the tumortar-
geting ability of 1:57 PLK-1 SNALPs containing either PEG-
cDMA (C,,) or PEG-cDSA (C,,). Readouts are tumor
growth inhibition and PLK1 mRNAsilencing. The PLK-1
siRNA used was PLK1424 U4/GU,the sequence of which is
provided in Table 8.

Subcutaneous (S.C.) Hep3B tumors were established in
scid/beige mice. Multidose anti-tumor efficacy of 1:57
PLK-1 SNALP wasevaluated for the following groups (n=5
for each group): (1) “Luc-cDMA”-PEG-cDMA Luc SNALP;
(2) “PLK-cDMA”-PEG-cDMA PLK-1 SNALP; and. (3)
“PLK-cDSA”-PEG-cDSA PLK-1 SNALP. Administration of

6x2 mg/kg siRNA wasinitiated once tumors reached about 5
mm in diameter (Day 10). Dosing was performed on Days10,
12, 14, 17, 19, and 21. Tumors were measured. by caliper
twice weekly.

FIG. 18 showsthat multiple doses of 1:57 PLK-1 SNALP
containing PEG-cDSAinduced the regression of established
Hep3B S.C. tumors. In particular, 5/5 tumors in the PLK1- ;
cDSAtreated mice appeared flat, measurable only bydiscol-
oration at the tumorsite.

FIG. 19 shows the mRNAsilencing of 1:57 PLK SNALP in
S.C. Hep3B tumors following a single intravenous SNALP
administration. The extent of silencing observed with the
PLK1-cDSA SNALPcorrelated with the anti-tumoractivity
in the multi-dose study shownin FIG. 18.

The Lue-cDMA SNALP-treated group, which had devel-
oped large S.C. tumors at Day 24, were then administered
PLK-cDSA SNALPon Days24, 26, 28, 31, 33, and 35. There
was no additional dosing of the original PLK-1 SNALP-
treated groups. The results from this crossover dosing study
with large established tumors is provided in FIG. 20, which
showsthat PLK1-cDSA SNALPinhibited the growth oflarge
S.C. Hep3B tumors.

A coniparison ofthe effect ofPEG-cDMA and PEG-cDSA
1:57 SNALPs on PLK-1 mRNA silencing was performed
using established intrahepatic Hep3B tumors in scid/beige
mice. A single 2 mg/kg dose of 1:57 PLK-1 SNALPcontain-
ing either PEG-cDMAorPEG-cDSAwasadministeredintra-
venously. Liver/tumor samples were collected at 24 and 96
hours after SNALP treatment. Control=2 mg/kg Luc-cDMA
SNALPat 24 hours.

FIG. 21 shows that PLK-cDMA SNALPand PLK-cDSA 5

SNALPhadsimilar silencing activities after 24 hours, but that
the PLK-cDSA SNALP mayincrease the duration ofmRNA
silencing in intrahepatic tumors.

FIG. 22 showsthe blood clearanceprofile of 1:57 PLK-1
SNALP containing either PEG-cDMA or PEG-cDSA. The
extended blood circulation times observed for the PLK-

cDSA SNALP may enable the increased accumulation and
activityat distal (e.g., subcutaneous) tumorsites.

Thus, this study showsthat the 1:57 PEG-cDSA SNALP
formulation can be used to preferentially target tumors out-
side ofthe liver, whereas the 1:57 PEG-cDMA SNALPcanbe
used to preferentially target the liver.
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Example 12

Synthesis of Cholesteryl-2'-Hydroxyethyl Ether

Step 1:
A 250 ml round bottomflask containing cholesterol (5.0g,

12.9 mmol) and a stir bar was sealed and flushed with nitro-
gen. Toluenesulphonyl chloride (5.0 g, 26.2 mmol) was
weighed into a separate 100-mL round bottom flask, also
sealed and flushed with nitrogen. Anhydrouspyridine (2x50
ml) was delivered to each flask. The toluenesulphony! chlo-
ride solution was then transferred, via cannula, into the 250
mlflask, and the reaction stirred overnight. The pyridine was
removed by rotovap, and methanol (80 ml) added to the
residue. This was thenstirred for 1 hour until ahomogeneous
suspension was obtained. The suspension was filtered,
washed with acetonitrile (50 ml), and dried under vacuum to
yield cholesteryl tosylate as a fluffy white solid (6.0 g, 86%).

Step 2:
Cholesteryl tosylate (2.0 g, 3.7 mmol), 1,4-dioxane (50

mL), and ethylene glycol (4.6 g, 74 mmol) were added to a
100 ml flask containingastir bar. The flask wasfitted with a
condenser, and refluxed overnight. The dioxane was then
removed by rotovap, and the reaction mixture suspended in
water (100 ml). The solution wastransferred to a separating
funnel and extracted with chloroform (3x100 ml). The
organic phases were combined, washed with water (2150
ml), dried over magnesium sulphate, and the solvent
removed.he crude product waspurified by column chroma-
tography(5%acetone/hexane)to yield the productas a white
solid (1.1 g, 69%).

Thestructures ofthe cholesterol derivatives cholestery]-2'-
hydroxyethyl] ether and cholesteryl-4'-hydroxybutyl ether are
as follows:

HO
WS

Cholesteryl!-2'-hydroxyethyl ether

HOSNENO

Cholestery!-4’-hydroxyethy! ether

It is to be understoodthat the above descriptionis intended
to be illustrative and not restrictive. Many embodiments will
be apparent to those of skill in the art upon reading the above
description. The scope of the invention should, therefore, be
determined not with reference to the above description, but
should instead be determined with reference to the appended
claims, along with the full scope ofequivalents to which such
claimsare entitled. The disclosures ofall articles and refer-

ences, including patent applications, patents, PCT publica-
tions, and Genbank Accession Nos., are incorporated herein
by referencefor all purposes.
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SEQUENCE LISTING

 
<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1
<21l1l> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence<220> FEATURE:

<223> OTHER INFORMATION: synthetic ES kinesin-related protein 2263 U/U
siRNA sense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic ES kinesin-related protein 2263 U/U siRNA sense strand
of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (2)... (19)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 1

engaagaccn gaaygacaann n 21

<210> SEQ ID NO 2
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic ES kinesin-related protein 2263 U/U
siRNA antisense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic E5 kinesin-related protein 2263 U/U siRNA antisense
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (16)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 2

auugucunca ggncuncagn n 21

<210> SEQ ID NO 3
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 siRNA sense strand of siRNA duplex

<221> NAME/KEY: modified_base
«<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (14)
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 3

agunucanca cacngaauac c 21

<210> SEQ ID NO 4
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 siRNA antisense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = um

Page 147 of 695 PagelD #: 6938
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-continued

<221> NAME/KEY: modified_base
<222> LOCATION: (7)... (9)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (19)... (19)
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 4

uauncanunu gaugacacnu g 21

<210> SEQ ID NO 5
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1) PLK1424
u4/GU and PLK1424 U4/G siRNA sense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/GU and PLK1424
u4/G siRNA sense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (18)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide

complementary to target complementary sequence

<400> SEQUENCE: 5

agancacccn ccunaaanan n

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<223>

<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>

<400>

uauuuaanga gggugancun n

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<223>

<221>
<222>

21

SEQ ID NO 6
LENGTH: 21
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic polo-like kinase 1
u4/GU siRNA antisense strand of siRNA duplexFEATURE:

OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/GU siRNA
antisense strand of siRNA duplex
NAME/KEY: modified_base
LOCATION: (8)... (8)
OTHER INFORMATION: n = gm
NAME/KEY: modified.base

(PLK-1) PLK1424

LOCATION: (17)... (17)
OTHER INFORMATION: n = um
NAME/KEY: modified_base
LOCATION: (20)... (21)
OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide
complementary to target sequence

SEQUENCE: 6

21

SEQ ID NO 7
LENGTH: 21
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic polo-like kinase 1
u4/G siRNA antisense strand of siRNA duplexFEATURE:

OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/G siRNA
antisense strand of siRNA duplex
NAME/KEY: modified_base
LOCATION: (9)... (15)

(PLK-1} PLK1424

Page 148 of 695 PagelD #: 6939
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-cont inued

<222> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide

complementary to target sequence

<400> SEQUENCE: 7

uauuuaagna gngunaucun n

Whatis claimedis:

1. A nucleic acid-lipid particle comprising:
(a) a nucleic acid;
(b) a cationic lipid comprising from 50 mol %to 65 mol %

of the total lipid presentin the particle;
(c)anon-cationic lipid comprising a mixture ofa phospho-

lipid and cholesterolor a derivative thereof, wherein the
phospholipid comprises from 3 mol %to 15 mol %ofthe
total lipid present in the particle and the cholesterol or
derivative thereofcomprises from 30 mol % to 40 mol %
of the total lipid present in the particle; and

(d) a conjugated lipid that inhibits aggregation ofparticles
comprising from 0.5 mol % to 2 mol % ofthetotal lipid
presentin the particle.

2. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid comprises a small interfering RNA (siRNA).

3. The nucleic acid-lipid particle of claim 2, wherein the
siRNAcomprisesat least one modified nucleotide.

4. The nucleic acid-lipid particle of claim 2, wherein the
siRNA comprises at least one 2'-O-methyl (2'0Me) nucle-
otide.

5. The nucleic acid-lipid particle of claim 2, wherein the
siRNA is about 19 to about 25 base pairs in length.

6. The nucleic acid-lipid particle of claim 2, wherein the
siRNAcomprises 3' overhangs.

7. The nucleic acid-lipid particle of claim 1, wherein the
cationic lipid comprises from 50 mal % to 60 mol %of the
total lipid present in theparticle.

8. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises dipalmitoylphosphatidylcholine
(DPPC), distearoylphosphatidylcholine (DSPC), or a mix-
ture thereof.

9. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises from 4 mol %to 15 mol %ofthe total
lipid present in theparticle.

16. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises from 4 mol % to 12 mol % ofthetotal
lipid present inthe particle.

w
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11. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises trom 5 mo] % to 12 mol % ofthe total
lipid present in theparticle.

12. The nucleic acid-lipid particle of claim 1, whercin the
phospholipid comprises from 6 mol % to 12 mol %ofthe total
lipid present in the particle.

13. The nucleic acid-lipid particle of claim 1, wherein the
cholesterol or derivative thereof comprises from 30 mol %to
35 mol % ofthe total lipid present in the particle.

14. The nucleic acid-lipid particle of claim 1, wherein the
conjugated lipid that inhibits aggregation of particles com-
prises a polyethyleneglycol (PEG)-lipid conjugate.

15. The nucleic acid-lipid particle of claim 14, wherein the
PEG-lipid conjugate comprises a PEG-diacylglycerol (PEG-
DAG)conjugate, a PEG-dialkyloxypropyl (PEG-DAA)con-
jugate, or a mixture thereof.

16. The nucleic acid-lipid particle of claim 15, wherein the
PEG-DAAconjugate comprises a PEG-dimyristyloxypropyl
(PEG-DMA) conjugate, a PEG-distearyloxypropyl (PEG-
DSA)conjugate, or a mixture thereof.

17. The nucleic acid-lipid particle of claim 16, wherein the
PEG hasan average molecular weight ofabout 2,000 daltons.

18. The nucleic acid-lipid particle of claim 1, wherein the
conjugated lipid that inhibits aggregation of particles com-
prises from 1 mol %to 2 mol %ofthetotal lipid present in the
particle.

19. The nucleic acid-lipid particle of claim 14, wherein the
nucleic acid-lipid particle comprises about 55 mol % cationic
lipid, about 11 mol % phospholipid, about 33 mol % choles-
terol or a derivative thereof, and about 1.6 mol % PEG-lipid
conjugate.

20. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid is fully encapsulated in the nucleic acid-lipid
particle.

21. A pharmaceutical composition comprising a nucleic
acid-lipid particle of claim 1 and a pharmaceutically accept-
able carrier.
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LIPID FORMULATIONS FOR NUCLEIC ACID
DELIVERY

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application is a continuation of U.S. applica-
tion Ser. No. 13/253,917, filed Oct. 5, 2011, now U.S. Pat. No.

8,492,359, which applicationis a continuation of 12/424,367
filed Apr. 15, 2009, now U.S. Pat. No. 8,058,069, which
application claims priority to U.S. Provisional Application
No. 61/045,228,filedApr. 15, 2008, the disclosures of which
are herein incorporated by reference intheir entiretyfor all
purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Notapplicable.

NAMES OF PARTIES TO A JOINT RESEARCH
AGREEMENT

Not applicable.

REFERENCETO A “SEQUENCELISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING

APPENDIX SUBMITTED AS AN ASCII TEXT
FILE

The Sequence Listing writteninfile -77-3.TXT,created on
Aug. 22, 2013, 8,192 bytes, machine format IBM-PC, MS-
Windowsoperating system, is hereby incorporated by refer-
ence inits entirety for all purposes.

BACKGROUNDOF THE INVENTION

RNAinterference (RNAi) is an evolutionarily conserved
process in which recognition of double-stranded RNA
(dsRNA)ultimately leads to posttranscriptional suppression
of gene expression. This suppression is mediated by short
dsRNA,also called small interfering RNA (siRNA), which
induces specific degradation of mRNA through complemen-
tary base pairing. In several model systems, this natural
response has been developed into a powerful tool for the
investigation ofgene function (see, e.g., Elbashir et al., Genes
Dev., 15:188-200 (2001); Hammondet al., Nat. Rev. Genet.,
2:110-119 (2001)). More recently, it was discovered that
introducing synthetic 21-nucleotide dsRNA duplexes into
mammalian cells could efficiently silence gene expression.

Although the precise mechanism is still unclear, RNAi
provides a potential new approach to downregulate orsilence
the transcription and translation of a gene of interest. For
example, it is desirable to modulate (e.g., reduce) the expres-
sion of certain genes for the treatment ofneoplastic disorders 5
such as cancer.It is also desirable to silence the expression of
genes associated with liver diseases and disorders such as
hepatitis. It is further desirable to reduce the expression of
certain genes for the treatment of atherosclerosis and its
manifestations, e.g., hypercholesterolemia, myocardial inf-
arction, and thrombosis.

A safe and effective nucleic acid delivery system is
required for RNAi to be therapeutically useful. Viral vectors
are relatively efficient gene delivery systems, but suffer from
a variety of limitations, such as the potential for reversion to
the wild-type as well as immune response concerns. As a
result, nonviral gene delivery systems are receiving increas-
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ing attention (Worgall et al., Human Gene Therapy, 8:37
(1997); Peeters et al., Human Gene Therapy, 7:1693 (1996);
Yeietal., Gene Therapy, 1:192 (1994); Hupeetal., Molecular
Membrane Biology, 15:1 (1998)). Furthermore,viral systems
are rapidly cleared fromthe circulation, limiting transfection
to “first-pass” organs such as the lungs,liver, and spleen. In
addition, these systems induce immuneresponses that com-
promise delivery with subsequentinjections.

Plasmid DNA-cationic liposome complexes are currently
the most commonly employed nonviral gene delivery
vehicles (Felgner, Scientific American, 276:102 (1997),
Chonn et al., Current Opinion in Biotechnology, 6:698
(1995)). For instance, cationic liposome complexes made of
an amphipathic compound, a neutral lipid, and a detergent for
transfecting insect cells are disclosed in U.S. Pat. No. 6,458,
382. Cationic liposome complexesare also disclosed in U.S.
Patent. Publication No. 20030073640.

Cationic liposome complexes are large, poorly defined
systemsthat are not suited for systemic applications and can
elicit considerable toxic side effects (Harrisonet al., Biotech-
niques, 19:816 (1995); Lietal., The Gene, 4:891 (1997); Tam
ot al, Gene Ther., 7:1867 (2000)). Aslarge, positively charged
aggregates, lipoplexes are rapidly cleared when administered
in vivo, with highest expression levels observedin first-pass
organs, particularly the lungs (Huanget al., Nature Biotech-
nology, 15:620 (1997); Templetonet al., Nature Biotechnol-
ogy, 15:647 (1997); Hoflandet al., PharmaceuticalResearch,
14:742 (1997)).

Other liposomaldelivery systems include, for example, the
use ofreverse micelles, anionic liposomes, and polymerlipo-
somes. Reverse micelles are disclosed in U.S. Pat. No. 6,429,
200. Anionic liposomesare disclosed in U.S. Patent Publica-
tion No. 20030026831. Polymer liposomes that incorporate
dextrin or glycerol-phosphocholine polymersare disclosed in
US. Patent Publication Nos. 20020081736 and

20030082103, respectively.
A genedelivery system containing an encapsulated nucleic

acid for systemic delivery should be small (i.e., less than
about 100 nm diameter) and should remainintact in the cir-
culation for an extended period of time in order to achieve
delivery to affected tissues. This requires a highly stable,
serum-resistant nucleic acid-containing particle that does not
interact with cells and other components ofthe vascular com-
partment. The particle shouldalsoreadily interact with target
cells at a disease site in orderto facilitate intracellular delivery
ofa desired nucleic acid.

Recent work has shownthat nucleic acids can be encapsu-
lated in small (e.g., about 70 nm diameter) “stabilized plas-
mid-lipid particles” (SPLP) that consist of a single plasmid
encapsulated within a bilayer lipid vesicle (Wheeleret al.,
Gene Therapy, 6:271 (1999)). These SPLPstypically contain
the “fusogenic” lipid dioleoylphosphatidylethanolamine
(DOPE), lowlevels of cationic lipid, and are stabilized in
aqueous media by the presence of a poly(ethylene glycol)
(PEG) coating. SPLPs have systemic application as they
exhibit extended circulation lifetimes following intravenous
(i.v.) injection, accumulate preferentially at distal tumorsites
due to the enhanced vascular permeability in such regions,
and can mediate transgene expression at these tumorsites.
Thelevels of transgene expression observedat the tumorsite
following i.v. injection of SPLPs containing the luciferase
marker gene are superior to the levels that can be achieved
employing plasmid DNA-cationic liposome complexes(li-
poplexes) or naked DNA.

Thus, there remains a strong need in the art for novel and
more efficient methods and compositions for introducing
nucleic acids such as siRNA into cells. In addition, there is a
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need in the art for methods of downregulating the expression
of genesofinterest to treat or prevent diseases and disorders
such as cancer and atherosclerosis. The present invention
addresses these and other needs.

BRIEF SUMMARYOF THE INVENTION

The present invention provides novel, serum-stable lipid
particles comprising one or more active agents or therapeutic
agents, methods ofmakingthe lipid particles, and methods of
delivering and/or administering the lipid particles (e.g., for
the treatment ofa disease or disorder).

In preferred embodiments, the active agent or therapeutic
agentis fully encapsulated within the lipid portion ofthe lipid
particle such that the active agent or therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation, e.g., by a nuclease or protease. In other preferred
embodiments, the lipid particles are substantially non-toxic
to mammals such as humans.

In one aspect, the present invention provideslipid particles
comprising: (a) one or more active agents or therapeutic
agents; (b) one or more cationic lipids comprising from about
50 mol % to about 85 mol % ofthe total lipid present in the
particle; (c) one or more non-cationic lipids comprising from
about 13 mel % to about 49.5 mol % ofthetotallipid present
in the particle; and (d) one or more conjugated lipids that
inhibit aggregation of particles comprising from about 0.5
mol % to about 2 mol %ofthe total lipid present in the
particle.

Moreparticularly, the present invention provides serum-
stable nucleic acid-lipid particles (SNALP) comprising a
nucleic acid (¢.g., one or more interfering RNA molecules
such as siRNA, aiRNA,and/or miRNA), methods of making
the SNALP, and methodsof delivering and/or administering
the SNALP(e.g., for the treatment of a disease or disorder).

In certain embodiments, the nucleic acid-lipid particle
(e.g., SNALP) comprises: (a) a nucleic acid (e.g., an interfer-
ing RNA); (b) a cationic lipid comprising from about 50 mol
% to about 85 mol % ofthetotal lipid presentin theparticle;
(c) a non-cationic lipid comprising from about 13 mol % to
about 49.5 mol % ofthe total lipid present in the particle; and
(d) a conjugated lipid that inhibits aggregation of particles
comprising from about 0.5 mal % to about 2 mol % ofthe total
lipid present in the particle.

In one preferred embodiment, the nucleic acid-lipid par-
ticle (e.g., SNALP) comprises: (a) an siRNA; (b) a cationic
lipid comprising from about 56.5 mol % to about 66.5 mol %
of the total lipid present in the particle; (c) cholesterol or a
derivative thereofcomprising from about 31.5 mol % to about
42.5 mol %ofthe total lipid presentin the particle; and (d) a
PEG-lipid conjugate comprising from about 1 mol %to about
2 mol % ofthe totallipidpresent inthe particle. This preferred
embodiment of nucleic acid-lipid particle is generally 5
referred to herein as the “1:62” formulation.

In another preferred embodiment, the nucleic acid-lipid
particle (e.g., SNALP) comprises: (a) an siRNA; (b) a cat-
ionic lipid comprising from about 52 mol %to about 62 mol
%of the total lipid present in the particle; (c) a mixture of a
phospholipid and cholesterol or a derivative thereofcompris-
ing from about 36 mol % to about 47 mol % ofthe total lipid
present in the particle; and (d) a PEG-lipid conjugate com-
prising from about 1 mol %to about 2 mol %ofthetotal lipid
presentin the particle. This preferred embodiment ofnucleic
acid-lipid particle is generally referred to herein as the “1:57”
formulation.
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The present invention also provides pharmaceutical com-
positions comprising a lipid particle described herein (e.g.,
SNALP) and a pharmaceutically acceptable carrier.

In another aspect, the present invention provides methods
for introducing an active agent or therapeutic agent (e.g.,
nucleic acid) into a cell, the method comprising contacting
the cell with a lipid particle described herein such as a nucleic
acid-lipid particle (e.g., SNALP).

In yet another aspect, the present invention provides meth-
ods for the in vivo delivery of an active agent or therapeutic
agent (e.g., nucleic acid), the method comprising administer-
ing toa mammalian subject a lipid particle described herein
such as a nucleic acid-lipid particle (e.g., SNALP).

Inafurther aspect, the present invention provides methods
for treating a disease or disorder in a mammalian subject in
need thereof, the method comprising administering to the
mammalian subject a therapeutically effective amount ofa
lipid particle described herein such as a nucleic acid-lipid
particle (e.g., SNALP).

Other objects, features, and advantages of the present
invention will be apparent to one of skill in the art from the
following detailed description andfigures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A (Samples 1-8) and FIG. 1B (Samples 9-16) illus-
trate data demonstrating the activity of 1:57 SNALP contain-
ing Kg5 siRNA in a human coloncancercell line.

FIG, 2 illustrates data demonstrating the activity of 1:57
SNALP containing ApoB siRNA following intravenous
administration in mice.

FIG.3 illustrates additional data demonstrating theactivity
of 1:57 SNALP containing ApoB siRNA following intrave-
nous administration in mice. Each bar represents the group
meanoffive animals. Error bars indicate the standard devia-
tion.

FIG.4 illustrates data demonstrating the activity of 1:57
and 1:62 SNALP containing ApoBsiRNAfollowing intrave-
nous administration in mice.

FIG, 5 illustrates data demonstrating the activity of 1:62
SNALP containing ApoB siRNA following intravenous
administration in mice.

FIG. 6A (expressed as IU/L) and FIG. 6B (expressed as
x-Fold Upper Limit of Normal) illustrate data demonstrating
that the tolerability of 1:57 SNALP containing ApoB siRNA
prepared by citrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters.

FIG. 7A (expressed as liver ApoB:GAPD mRNAratio),
FIG.7B (expressed as relative plasma ApoB-100 concentra-
tion), and FIG. 7C (expressed as plasma total cholesterol
illustrate data demonstrating that the efficacy of 1:57 SNALP
containing ApoB siRNA prepared by gear pump wassimilar
to the same SNALPprepared bysyringepress.

FIG, 8 illustrates data demonstrating that there was very
little effect on body weight 24 hours after administration of
1:57 SNALPcontaining ApoB siRNA.

FIG, 9 illustrates data demonstrating that there were no
obvious changesinplatelet count after administration of 1:57
SNALPcontaining ApoB siRNA.

FIG. 10A (expressed as IU/L) and FIG. 10B (expressed as
x-Fold Upper Limit of Normal) illustrate data demonstrating
that clinically significant liver enzyme elevations (3xULN)
occurredat particular drug dosages of 1:57 SNALP contain-
ing ApoB siRNA.

T'IG. 11A (expressed as liver ApoB:GAPD mRNAratio)
and FIG. 11B(expressed as relative plasma ApoB-160 con-
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centration) illustrate data demonstrating that the potency of
the lower lipid:drug (L:D) 1:57 SNALP containing ApoB
siRNA wasas goodas that of the higher L:D SNALPat the
tested drug dosages.

FIG. 12 illustrates data demonstrating that ApoB protein
andtotal cholesterol levels were reduced to a similar extent by
1:57 SNALPcontaining ApoB siRNAata 6:1 input L:D ratio
(final ratio of 7:1) and 1:57 SNALPat a 9:1 input L:D ratio
(final ratio of 10:1).

FIG. 13 illustrates data demonstrating that a treatment
regimen of 1:57 SNALP with siRNAtargeting PLK-1 is well
tolerated with no apparent signs of treatmentrelated toxicity
in mice bearing Hep3Bliver tumors.

FIG. 14 illustrates data demonstrating that treatment with
1:57 SNALP containing PLK-1 siRNA caused a significant
increase in the survival of Hep3B tumor-bearing mice.

FIG.15 illustrates data demonstrating that treatment with
1:57 SNALP containing PLK-1 siRNA reduced PLK-1
mRNAlevels by 50%in intrahepatic Hep3B tumors growing
in mice 24 hours after SNALP administration.

FIG.16 illustrates data demonstrating that a specific cleav-
age product of PLK-1 mRNA wasdetectable by 5' RACE-
PCR in mice treated with 1:57 SNALP containing PLK-1
siRNA. 10 ul PCR product/well were loaded onto a 1.5%
agarose gel. Lane Nos.: (1) molecular weight (MW) marker;
(2) PBS mouse1; (3) PBS mouse 2; (4) PBS mouse3; (5) Luc
SNALP mouse 1; (6) Lue SNALP mouse 2; (7) PLK SNALP
mouse 1; (8) PLK SNALP mouse2; (9) PLK SNALP mouse
3; and (10) no template control.

FIG. 17 illustrates data demonstrating that control (Luc)
1:57 SNALP-treated mice displayed normal mitoses in
Hep3B tumors (top panels), whereas mice treated with 1:57
SNALPcontaining PLK-1 siRNA exhibited numerous aber-
rant mitoses and tumorcell apoptosis in Hep3Btumors (bot-
tom panels).

FIG. 18 illustrates data demonstrating that multiple doses
of 1:57 PLK-1 SNALP containing PEG-cDSAinduced the
regression ofestablished Hep3B subcutaneous (S.C.) tumors.

FIG. 19 illustrates data demonstrating PLK-1 mRNA
silencing using 1:57 PLK SNALP in S.C. [lep3B tumors
following a single intravenous SNALP administration.

FIG. 20 illustrates data demonstrating that PLK-1 PEG-
cDSA SNALPinhibited the growth of large S.C. Hep3B
tumors.

FIG. 21 illustrates data demonstrating tumor-derived
PLK-1 mRNAsilencing in Hep3B intrahepatic tumors.

FIG.22 illustrates data demonstrating the blood clearance
profile of 1:57 PLK-1 SNALP containing either PEG-cDMA
or PEG-cDSA.

DETAILED DESCRIPTION OF THE INVENTION

I. Introduction

The present invention is based, in part, upon the surprising
discovery that lipid particles comprising from about 50 mol % 5
to about 85 mol %ofa cationic lipid, from about 13 mol %to
about 49.5 mol %ofa non-cationic lipid, and from about 0.5
mol % to about 2 mol % of a lipid conjugate provide advan-
tages when usedfor the in vitro orin vivo delivery ofan active
agent, such as a therapeutic nucleic acid (e.g., an interfering
RNA).In particular, as illustrated by the Examplesherein, the
present invention provides stable nucleic acid-lipid particles
(SNALP)that advantageously impart increased activityofthe
encapsulated nucleic acid (e.g., an interfering RNA suchas
siRNA) and improvedtolerability ofthe formulationsin vivo,
resulting in a significant increase in the therapeutic index as
compared to nucleic acid-lipid particle compositions previ-
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ously described. Additionally, the SNALPofthe invention are
stable in circulation, e.g., resistant to degradation by
nucleases in serum, and are substantially non-toxic tb mam-
mals such as humans. As a non-limiting example, FIG. 3 of
Example 4 shows that one SNALP embodimentofthe inven-
tion (“1:57 SNAT.P”) was more than 10 times asefficacious as
compared to a nucleic acid-lipid particle previously described
(“2:30 SNALP”) in mediating target gene silencing at a
10-fold lower dose. Similarly, I'I1G.2 ofExample 3 showsthat
the “1:57 SNALP”formulation was substantially more effec-
tive at silencing the expression ofa target gene as compared to
nucleic acid-lipid particles previously described (‘2:40
SNALP”).

In certain embodiments, the present invention provides
improved compositions for the delivery of interfering RNA
such as siRNA molecules. In particular, the Examples herein
illustrate that the improvedlipid particle formulations of the
invention are highly effective in downregulating the mRNA
and/or protein levels of target genes. Furthermore, the
Examplesherein illustrate that the presence of certain molar
ratios oflipid components results in improved or enhanced
activity of these lipid particle formulations of the present
invention. For instance, the “1:57 SNALP” and “1:62
SNALP” formulations described herein are exemplary for-
mulations ofthe present inventionthatare particularly advan-
tageous because they provide improvedefficacy andtoler-
ability in vivo, are serum-stable, are substantially non-toxic,
are capable ofaccessing extravascular sites, and are capable
ofreaching target cell populations.

The lipid particles and compositions of the present inven-
tion may be used for a variety of purposes, including the
delivery of associated or encapsulated therapeutic agents to
cells, both in vitro and in vivo. Accordingly, the present
invention provides methodsfor treating diseases or disorders
in a subject in need thereof, by contacting the subject with a
lipid particle described herein comprising one or moresuit-
able therapeutic agents.

Various exemplary embodiments of the lipid particles of
the invention, as well as compositions and formulations com-
prising the same, and their use to deliver therapeutic agents
and modulate target gene and protein expression, are
described in further detail below.
II. Definitions

As used herein, the following terms have the meanings
ascribed to them unless specified otherwise.

‘The term “interfering RNA” or “RNA” or “interfering
RNAsequence”refers to single-stranded RNA(e.g., mature
miRNA)or double-stranded RNA(i.e., duplex RNA such as
siRNA, aiRNA,or pre-miRNA)that is capable ofreducing or
inhibiting the expression ofa target gene or sequence(e.g., by
mediating the degradation or inhibiting the translation of
mRNAs which are complementary to the interfering RNA
sequence) whenthe interfering RNAis in the samecell as the
target gene or sequence. Interfering RNAthusrefers to the
single-stranded RNA that is complementary to a target
mRNA sequence or to the double-stranded RNA formed by
two complementary strands or by a single, self-complemen-
tary strand. Interfering RNA may have substantial or com-
plete identity to the target gene or sequence, or may comprise
a region of mismatch(i.e., a mismatch motif). The sequence
of the interfering RNA can correspond to the full-length tar-
get gene, or a subsequencethereof.

Interfering RNA includes “small-interfering RNA” or
“siRNA,” e.g., interfering RNA of about 15-60, 15-50, or
15-40 (duplex) nucleotides in length, more typically about
15-30, 15-25, or 19-25 (duplex) nucleotides in length, and is
preferably about 20-24, 21-22, or 21-23 (duplex) nucleotides
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in length (e.g., each complementary sequence of the double-
stranded siRNA is 15-60, 15-50, 15-40, 15-30, 15-25, or
19-25 nucleotidesin length, preferably about 20-24, 21-22, or
21-23 nucleotides in length, and the double-stranded siRNA
is about 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 base
pairs in length, preferably about 18-22, 19-20, or 19-21 base
pairs in length). siRNA duplexes may comprise 3' overhangs
of about 1 to about 4 nucleotides or about 2 to about 3

nucleotides and 5' phosphate termim. Examples of siRNA
include, withoutlimitation, a double-stranded polynucleotide
molecule assembled from two separate stranded molecules,
wherein one strand is the sense strand and the other is the

complementary antisense strand; a double-stranded poly-
nucleotide molecule assembled froma single stranded mol-
ecule, where the sense and antisense regions are linked by a
nucleic acid-based or non-nucleic acid-based linker; a
double-stranded polynucleotide molecule with a hairpin sec-
ondary structure having self-complementary sense and anti-
sense regions; and a circular single-stranded polynucleotide
molecule with two or moreloopstructures and a stem having
self-complementary sense and antisense regions, where the
circular polynucleotide can be processed in vivo orinvitro to
generate an active double-stranded siRNA molecule.

Preferably, siRNA are chemically synthesized. siRNA can
also be generated by cleavage of longer dsRNA (e.g., dsRNA
greater than about 25 nucleotides in length) with the E. coli
RNaseIII or Dicer. These enzymes process the dsRNAinto
biologically active siRNA (see, e.g., Yang et al., Proc. Natl.
Acad. Sci. USA, 99:9942-9947 (2002); Calegari et al., Proc.
Natl. Acad. Sci. USA, 99:14236 (2002); Byromet al.,Ambion
TechNotes, 10(1):4-6 (2003); Kawasakiet al., Nucleic Acids
Res., 31:981-987 (2003); Knight et al., Science, 293:2269-
2271 (2001); and Robertsonet al., . Biol. Chem., 243:82
(1968)). Preferably, dsRNA are at least 50 nucleotides to
about 100, 200, 300, 400, or 500 nucleotides in length. A
dsRNA maybeas long as 1000, 1500, 2000, 5000 nucleotides
in length, or longer. The dsRNA canencodefor anentire gene
transcript or a partial gene transcript. In certain instances,
siRNA may be encoded bya plasmid (e.g., transcribed as
sequences that automatically fold into duplexes with hairpin
loops).

As used herein, the term “mismatch motif’ or “mismatch
region”refers to a portion ofan interfering RNA(e.g., siRNA,
aiRNA, miRNA) sequence that does not have 100% comple-
mentarity to its target sequence. An interfering RNA may
haveat least one, two, three, four, five, six, or more mismatch
regions. The mismatch regions may be contiguous or may be
separated by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more
nucleotides. The mismatch motifs or regions may comprise a
single nucleotide or may comprise two, three, four, five, or
more nucleotides.

An “effective amount” or “therapeutically effective
amount” of an active agent or therapeutic agent such as an
interfering RNA is an amount sufficient to produce the
desired effect, e.g., an inhibition of expression of a target 5
sequence in comparison to the normal expression level
detected in the absence of an interfering RNA.Inhibition of
expression of a target gene or target sequence is achieved
when the value obtained with an interfering RNArelative to
the control is about 90%, 85%, 80%, 75%, 70%, 65%, 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%,
or 0%. Suitable assays for measuring expression of a target
geneor target sequenceinclude,e.g., examination ofprotein
or RNAlevels using techniques knownto those ofskill in the
art such as dot blots, northern blots, in situ hybridization,
LLISA, immunoprecipitation, enzyme function, as well as
phenotypic assays knownto those ofskill in theart.
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By “decrease,” “decreasing,” “reduce,”or “reducing” ofan
immuneresponse by an interfering RNAis intended to mean
a detectable decrease of an immune response toa giveninter-
fering RNA(e.g., a modified interfering RNA). The amount
of decrease of an immuneresponse by a modified interfering
RNA maybe determined relative to the level of an immune
responsein the presence ofan unmodified interfering RNA. A
detectable decrease can be about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, or more lower than the immune
response detected in the presence of the unmodified interfer-
ing RNA. A decrease in the immune response to interfering
RNAis typically measured by a decrease in cytokine produc-
tion (e.g., IFNy, IFNa, TNFa, IL-6, or IL-12) by a responder
cell in vitro or a decrease in cytokine productionin the sera of
a mammalian subject after administration of the interfering
RNA.

As used herein, the term “respondercell”refers to a cell,
preferably a mammalian cell, that produces a detectable
immune response when contacted with an immunostimula-
tory interfering RNA such as an unmodified siRNA. Exem-
plary respondercells include, ¢.g., dendritic cells, macroph-
ages, peripheral blood mononuclear cells (PBMCs),
splenocytes, and the like. Detectable immune responses
include, e.g., production of cytokines or growth factors such
as TNF-a, IFN-a, IFN-f, IFN-y, IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-10, IL-12, IL-13, TGF, and combinationsthereof.

“Substantial identity” refers to a sequence that hybridizes
to a reference sequence understringent conditions, or to a
sequencethat has a specified percent identity over a specified
region of a reference sequence.

The phrase “stringent hybridization conditions” refers to
conditions under which a nucleic acid will hybridize to its
target sequence, typically in a complex mixture of nucleic
acids, but to no other sequences. Stringent conditions are
sequence-dependent and will be differentin different circum-
stances. Longer sequences hybridize specitically at higher
temperatures. An extensive guide to the hybridization of
nucleic acids is found in Tijssen, Zechniques in Biochemistry
and Molecular Biology Hybridization with Nucleic Probes,
“Overview of principles of hybridization andthe strategy of
nucleic acid assays” (1993). Generally, stringent conditions
are selected to be about 5-10° C. lower than the thermal

melting point(T,,,) for the specific sequenceat a defined ionic
strength pH. The T,,, is the temperature (under defined ionic
strength, pH, and nucleic concentration) at which 50%ofthe
probes complementary to the target hybridize to the target
sequenceat equilibrium(asthe target sequencesarepresentin
excess, at T,, 50% ofthe probes are occupied at equilibrium).
Stringent conditions mayalso be achieved with the addition
of destabilizing agents such as formamide. Forselective or
specific hybridization, a positive signal is at least two times
background, preferably 10 times background hybridization.

Exemplary stringent hybridization conditions can be as
follows: 50% formamide, 5xSSC, and 1% SDS, incubating at
42° C., or, 5xSSC, 1% SDS, incubating at 65° C., with wash
in 0.2xSSC,and 0.1% SDS at 65° C. For PCR, a temperature
of about 36° C.is typical for low stringency amplification,
although annealing temperatures may vary between about
32° C. and 48° C. depending on primer length. For high
stringency PCR amplification, a temperature of about 62° C.
is typical, although high stringency annealing temperatures
can range from about 50° C. to about 65° C., depending on the
primer length and specificity. Typical cycle conditions for
both high and low stringency amplifications include a dena-
turation phase of 90° C.-95° C.for 30 sec.-2 min., an anneal-
ing phase lasting 30 sec.-2 min., and an extension phase of
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about 72° C.for 1-2 min. Protocols and guidelines for low and
high stringency amplification reactions are provided, e.g., in
Innis et al., PCR Protocols, A Guide to Methods and Appli-
cations, Academic Press, Inc. N.Y. (1990).

Nucleic acids that do not hybridize to each other under
stringent conditions arc still substantially identical if the
polypeptides which they encode are substantially identical.
This occurs, for example, when a copy of a nucleic acid is
created using the maximum codon degeneracy permitted by
the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions. Exemplary “moderately stringent hybridization condi-
tions” include a hybridizationin a buffer of 40% formamide,
1 M NaCl, 1% SDSat 37° C., anda wash in 1xSSC at 45° C.
A positive hybridizationis at least twice background. Those
ofordinary skill will readily recognizethat alternative hybrid-
ization and wash conditions canbe utilized to provide condi-
tions of similar stringency. Additional guidelines for deter-
mining hybridization parameters are provided in numerous
references, e.g., Current Protocols in Molecular Biology,
Ausubelct al., eds.

The terms “substantially identical” or “substantial iden-
tity,” in the context of two or more nucleic acids, refer to two
or more sequencesor subsequencesthat are the same or have
a specified percentage ofnucleotides that are the same(1.e., at
least about 60%, preferably at least about 65%, 70%, 75%,
80%, 85%, 90%, or 95% identity over a specified region),
when compared and aligned for maximum correspondence
over a comparison window,or designated region as measured
using, one of the following sequence comparison algorithms
or by manual alignment and visual inspection. This defini-
tion, whenthe context indicates, also refers analogously to the
complement of a sequence. Preferably, the substantial iden-
tity exists over a region thatis at least about 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, or 60 nucleotides in length.

For sequence comparison, typically one sequence acts as a
reference sequence, to which test sequences are compared.
Whenusing a sequence comparison algorithm, test and ref-
erence sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algo-
rithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be
designated. The sequence comparison algorithm then calcu-
lates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program
parameters.

A “comparison window,” as used herein, includes refer-
ence to a segment of any one of a number ofcontiguous
positions selected from the group consisting of from about 5
to about60, usually about 10 to about 45, more usually about
15 to about 30, in which a sequence may be comparedto a
reference sequence of the same numberof contiguous posi-
tionsafter the two sequencesare optimally aligned. Methods
of alignment of sequences for comparison are well known in
the art. Optimal alignment of sequences for comparison can
be conducted, e.g., by the lecal homologyalgorithm of Smith
and Waterman, 4dv. Appl. Math., 2:482 (1981), by the homol-
ogy alignmentalgorithm ofNeedleman and Wunsch, /. Mol.
Biol., 48:443 (1970), by the search for similarity method of
Pearson and Lipman, Proc. Natl. Acad. Sci. USA, 85:2444
(1988), by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manualalign-
ment and visual inspection (see, e.g., Current Protocols in
Molecular Biology, Ausubelet al., eds. (1995 supplement)).
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A preferred example ofalgorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al., Nuc. Acids Res., 25:3389-3402
(1977) and Altschulet al., J. Mol. Biol., 215:403-410 (1990),
respectively. BLAST and BLAST 2.0 are used, with the
parameters described herein, to determine percent sequence
identity for the nucleic acids of the invention. Software for
performing BLASTanalysesis publicly available through the
National Center for Biotechnology Information (http://ww-
w.ncbi.nlm.nih.gov/).

The BLASTalgorithmalso performsa statistical analysis
ofthe similarity between two sequences (see, e.g., Karlin and
Altschul, Proc. Natl. Acad. Sci. USA, 90:5873-5787 (1993)).
One measure ofsimilarity provided by the BLASTalgorithm
is the smallest sum probability (PCN)), which provides an
indication of the probability by which a match between two
nucleotide sequences would occur by chance. For example, a
nucleic acid is considered similar to a reference sequence if
the smallest sum probability in a comparison of the test
nucleic acid to the reference nucleic acid is less than about

0.2, more preferably less than about 0.01, and mostpreferably
less than about 0.001.

The term “nucleic acid”as used herein refers to a polymer
containing at least two deoxyribonucleotides or ribonucle-
otides in either single- or double-stranded form and includes
DNA and RNA. DNA maybein the formof, e.g., antisense
molecules, plasmid DNA, pre-condensed DNA, a PCR prod-
uct, vectors (P1, PAC, BAC, YAC,artificial chromosomes),
expression cassettes, chimeric sequences, chromosomal
DNA,or derivatives and combinations of these groups. RNA
maybe in the form of siRNA, asymmetrical interfering RNA
(aiRNA), microRNA (miRNA), mRNA, tRNA, rRNA,
tRNA, viral RNA (vRNA), and combinations thereof.
Nucleic acids include nucleic acids containing known nucle-
otide analogs or modified backbone residues or linkages,
which are synthetic, naturally occurring, and non-naturally
occurring, and which have similar binding properties as the
reference nucleic acid. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidates,
methyl phosphonates, chiral-methyl phosphonates, 2'-O-me-
thyl ribonucleotides, and peptide-nucleic acids (PNAs).
Unless specifically limited, the term encompasses nucleic
acids containing known analoguesofnatural nucleotides that
have similar binding properties as the reference nucleic acid.
Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively modi-
fied variants thereof(e.g., degenerate codon substitutions),
alleles, orthologs, SNPs, and complementary sequences as
well as the sequenceexplicitly indicated. Specifically, degen-
erate codon substitutions may be achieved by generating
sequences in whichthe third position of one or more selected
(or all) codonsis substituted with mixed-base and/or deoxyi-
nosine residues (Batzer et al., Nucleic Acid Res., 19:5081
(1991); Ohtsukaetal.,.7 Biol. Chem., 260:2605-2608 (1985);
Rossoliniet al., Mol. Cell. Probes, 8:91-98 (1994)). “Nucle-
otides” contain a sugar deoxyribose (DNA)or ribose (RNA),
a base, and a phosphate group. Nucleotides are linked
together through the phosphate groups. “Bases” include
purines and pyrimidines, whichfurther include natural com-
pounds adenine, thymine, guanine, cytosine, uracil, inosine,
and natural analogs, and synthetic derivatives of purines and
pyrimidines, which include, but are not limited to, modifica-
tions which place new reactive groups suchas, but not limited
to, amines, alcohols, thiols, carboxylates, and alkylhalides.
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The term “gene” refers to a nucleic acid (e.g., DNA or
RNA)sequence that comprises partial length or entire length
coding sequences necessary for the production ofa polypep-
tide or precursor polypeptide.

“Gene product,” as used herein, refers to a product of a
gene such as an RNAtranscript or a polypeptide.

The term “lipid” refers to a group of organic compounds
that include, but are notlimited to, esters offatty acids and are
characterized by being insoluble in water,but soluble in many
organic solvents. They are usuallydividedinto at least three
classes: (1) “simple lipids,” which include fats and oils as well
as waxes; (2) “compound lipids,” whichinclude phospholip-
ids and glycolipids; and (3) “derived lipids” suchasstcroids.

A “lipid particle” is used herein to refer to a lipid formu-
lation that can be used to deliver an active agent or therapeutic
agent, such as a nucleic acid (e.g., an interfering RNA), toa
target site of interest. In the lipid particle of the invention,
whichis typically formed froma cationic lipid, anon-cationic
lipid, and a conjugated lipid that prevents aggregation ofthe
particle, the active agent or therapeutic agent may be encap-
sulated in the lipid, thereby protecting the agent from enzy-
matic degradation.

As used herein, the term “SNALP”refers to astable nucleic
acid-lipid particle. A SNALPrepresents a particle made from
lipids (e.g., a cationic lipid, a non-cationic lipid, and a con-
jugated lipid that prevents aggregation of the particle),
wherein the nucleic acid (e.g., siRNA, aiRNA, miRNA,
ssDNA, dsDNA, ssRNA, short hairpin RNA (shRNA),
dsRNA, or a plasmid, including plasmids from which an
interfering RNA is transcribed) is fully encapsulated within
the lipid. As used herein, the term “SNALP”includes an
SPLP, which is the term used to refer to a nucleic acid-lipid
particle comprising a nucleic acid (e.g., a plasmid) encapsu-
lated within the lipid. SNALP and SPLP typically contain a
cationic lipid, a non-cationic lipid, and a lipid conjugate (e.g.,
a PEG-lipid conjugate). SNALP and SPLP are extremely
useful for systemic applications, as they can exhibit extended
circulation lifetimes following intravenous (i.v.) injection,
they can accumulateat distal sites (e.g., sites physically sepa-
rated from the administration site), and they can mediate
expression ofthe transfected geneorsilencing of target gene
expressionat thesedistal sites. SPLP include “pSPLP,” which
comprise an encapsulated condensing agent-nucleic acid
complex as set forth in PCT Publication No. WO 00/03683,
the disclosure ofwhich is herein incorporated by reference in
its entirety for all purposes.

Thelipid particles of the invention (e.g., SNALP)typically
have a meandiameter of from about 40 nm to about 150 nm,
from about 50 nm to about 150 nm, from about 60 nm to about
130 nm,from about 70 nm to about 110 nm,or from about 70
to about 90 nm,andare substantially non-toxic. In addition,
nucleic acids, when presentin the lipid particles of the inven-
tion, are resistant in aqueous solution to degradation with a
nuclease. Nucleic acid-lipid particles and their method of
preparation are disclosed in, e.g., U.S. Patent Publication 5
Nos. 20040142025 and 20070042031, the disclosures of

which are herein incorporated by reference in their entirety
for all purposes.

As used herein, “lipid encapsulated” can refer to a lipid
particle that provides an active agent or therapeutic agent,
such as a nucleic acid (e.g., an interfering RNA), with full
encapsulation, partial encapsulation, or both. In a preferred
embodiment, the nucleic acid is fully encapsulated in the lipid
particle (e.g., to form an SPLP, pSPLP, SNALP, or other
nucleic acid-lipid particle).

The term “lipid conjugate”refers to a conjugatedlipid that
inhibits aggregation of lipid particles. Such lipid conjugates
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include, but are not limited to, polyamide oligomers(e.g.,
ATTA-lipid conjugates), PEG-lipid conjugates, such as PEG
coupled to dialkyloxypropyls, PEG coupled to diacylglycer-
ols, PEG coupled to cholesterol, PEG coupled to phosphati-
dylethanolamines, PEG conjugated to ceramides(see, e.g.,
U.S. Pat. No. 5,885,613, the disclosure of which is herein
incorporated by reference in its entirety for all purposes),
cationic PEG lipids, and mixtures thereof. PEG can be con-
Jugated directly to the lipid or may be linkedto the lipid via a
linker moiety. Anylinker moiety suitable for coupling the
PEGtoalipid can be used including,e.g., non-ester contain-
ing, linker moieties and ester-containing linker inoieties. In
preferred embodiments, non-ester containing linker moictics
are used.

The term “amphipathic lipid”refers, in part, to any suitable
material wherein the hydrophobic portion of the lipid mate-
rial orients into a hydrophobic phase, while the hydrophilic
portion orients toward the aqueous phase. Hydrophilic char-
acteristics derive from the presence of polar or charged
groupssuch as carbohydrates, phosphate, carboxylic, sulfato,
amino, sulfhydryl, nitro, hydroxyl, and other like groups.
Hydrophobicity can be conferred by the inclusion of apolar
groups that include, but are not limited to, long-chain satu-
rated and unsaturated aliphatic hydrocarbon groups and such
groups substituted by one or more aromatic, cycloaliphatic,
or heterocyclic group(s). Examples of amphipathic com-
poundsinclude, but are notlimited to, phospholipids, amino-
lipids, and sphingolipids.

Representative examples ofphospholipids include, but are
not limited to, phosphatidylcholine, phosphatidylethanola-
mine, phosphatidylserine, phosphatidylinositol, phospha-
tidic acid, palmitoyloleoyl phosphatidylcholine, lysophos-
phatidylcholine, lysophosphatidylethanolamine,
dipalmitoylphosphatidylcholine, dioleoylphosphatidylcho-
line, distearoylphosphatidylcholine, and dilinoleoylphos-
phatidylcholine. Other compounds lacking in phosphorus,
such as sphingolipid, glycosphingolipid families, diacylglyc-
erols, and B-acyloxyacids, are also within the group desig-
nated as amphipathic lipids. Additionally, the amphipathic
lipids described above can be mixed with other lipids includ-
ing triglycerides andsterols.

The term “neutral lipid”refers to any of a numberoflipid
species that exist either in an uncharged or neutral zwitteri-
onic form at a selected pH. At physiological pH, such lipids
include, for example, diacylphosphatidylcholine, dia-
cylphosphatidylethanolamine, ceramide, sphingomyelin,
cephalin, cholesterol, cerebrosides, and diacylglycerols.

The term “non-cationic lipid” refers to any amphipathic
lipid as well as anyother neutral lipid or anionic lipid.

The term “anionic lipid” refers to any lipid that is nega-
tively charged at physiological pH. Theselipids include, but
are not limited to, phosphatidylglycerols, cardiolipins, dia-
cylphosphatidylserines, diacylphosphatidic acids, N-dode-
canoyl phosphatidylethanolamines, N-succinyl phosphati-
dylethanolamines, N-glutarylphosphatidylethanolamines,
lysylphosphatidylglycerols, palmitoyloleyolphosphatidylg-
lycerol (POPG), and other anionic modifying groups joined
to neutral lipids.

The term “cationic lipid”refers to any of a numberoflipid
species that carry a net positive charge at a selected pH, such
as physiological pH (e.g., pH of about 7.0). It has been sur-
prisingly found that cationic lipids comprising alkyl chains
with multiple sites of unsaturation, ¢.g., at least two or three
sites of unsaturation, are particularly useful for forming lipid
particles with increased membranefluidity. A numberofcat-
ionic lipids and related analogs, which are also useful in the
present invention, have been described in U.S. Patent Publi-
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cation Nos. 20060083780 and 20060240554; U.S. Pat. Nos.
5,208,036; 5,264,618; 5,279,833; 5,283,185; 5,753,613; and
5,785,992; and PCTPublication No. WO 96/10390, the dis-
closures ofwhich are herein incorporated byreference in their
entirety for all purposes. Non-limiting examples of cationic
lipids are described in detail herein. In some cases, the cat-
ionic lipids comprise a protonatable tertiary amine (e.g., pH
titratable) head group, C18 alkyl chains, ether linkages
betweenthe head group and alkyl chains, and 0 to 3 double
bonds. Such lipids include, e.g., DSDMA, DLinDMA,
DLenDMA, and DODMA.

The teri“hydrophobic lipid”refers to compounds having
apolar groupsthat include, but are not limited to, long-chain
saturated and unsaturated aliphatic hydrocarbon groups and
such groups optionally substituted by one or more aromatic,
cycloaliphatic, or heterocyclic group(s). Suitable examples
include, but are not limited to, diacylglycerol, dialkylglyc-
erol, N—N-dialkylamino, 1,2-diacyloxy-3-aminopropane,
and 1 ,2-dialkyl-3-aminopropane.

The term “fusogenic”refers to the ability ofa lipid particle,
such as a SNALP, to fuse with the membranesofa cell. The
membranes can be cither the plasma membrane or mem-
branes surrounding, organelles, e.g., endosome, nucleus,etc.

As used herein, the term “aqueous solution” refers to a
composition comprising in whole, or in part, water.

Asused herein,the term “organiclipid solution”refers to a
composition comprising in whole, or in part, an organic sol-
vent having a lipid.

“Distal site,” as used herein,refers to a physically separated
site, which is not limited to an adjacent capillary bed, but
includes sites broadlydistributed throughout an organism.

“Serum-stable” in relation to nucleic acid-lipid particles
such as SNALP meansthat the particle is not significantly
degraded after exposure to a serum or nuclease assay that
would significantly degrade free DNA or RNA. Suitable
assays include, for example, a standard serum assay, a DNAse
assay, or an RNAseassay.

“Systemic delivery,” as used herein, refers to delivery of
lipid particles that leads to a broad biodistributionofanactive
agentor therapeutic agent such as an interfering RNA within
an organism. Some techniques of administration can lead to
the systemic delivery ofcertain agents, but not others. Sys-
temic delivery means that a useful, preferably therapeutic,
amount ofan agent is exposed to most parts of the body. To
obtain broad biodistribution generally requires a bloodlife-
time such that the agent is not rapidly degraded or cleared
(such as byfirst pass organs (liver, lung, etc.) or by rapid,
nonspecific cell binding) before reaching a diseasesite distal
to the site of administration. Systemic delivery oflipid par-
ticles can be by any means known in the art including, for
example, intravenous, subcutaneous,and intraperitoneal. Ina
preferred embodiment, systemic deliveryof lipid particlesis
by intravenousdelivery.

“Local delivery,” as used herein, refers to delivery of an
active agent or therapeutic agent such as an interfering RNA
directly to a target site within an organism. For example, an
agent can be locally delivered bydirect injection intoa dis-
ease site such as a tumoror other target site such asasite of
inflammation or a target organ such as theliver, heart, pan-
creas, kidney, andthelike.

The term “mammal”refers to any mammalian species such
as a human, mouse,rat, dog, cat, hamster, guinea pig, rabbit,
livestock, and the like.

The term “cancer” refers to any memberof a class of
diseases characterized bythe uncontrolled growth ofaberrant
cells. The term includes all known cancers and neoplastic
conditions, whether characterized as malignant, benign, soft
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tissue, or solid, and cancersofall stages and grades including
pre- and post-metastatic cancers. Examplesofdifferent types
of cancer include, but are not limited to, lung cancer, colon
cancer, rectal cancer, anal cancer, bile duct cancer, small
intestine cancer, stomach(gastric) cancer, esophageal cancer;
gallbladder cancer, liver cancer, pancreatic cancer, appendix
cancer, breast cancer, ovarian cancer; cervical cancer, pros-
tate cancer, renal cancer(e.g., renal cell carcinoma), cancer of
the central nervous system, glioblastoma, skin cancer, lym-
phomas, choriocarcinomas, head and neck cancers, osteo-
genic sarcomas, and blood cancers. Non-limiting examples of
specific types of liver cancer include hepatocellular carci-
noma (HCC), secondary liver cancer(e.g., caused by metasta-
sis of some other non-liver cancer cell type), and hepatoblas-
toma. As used herein, a “tumor” comprises one or more
cancerouscells.

IJ. Deseription of the Embodiments
The present invention provides novel, serum-stable lipid

particles comprising one or more aclive agents or therapeutic
agents, methods ofmaking the lipid particles, and methods of
delivering and/or administering the lipid particles (c.g., for
the treatment of a disease or disorder).

In one aspect, the present invention provides lipid particles
comprising: (a) one or more active agents or therapeutic
agents; (b) one or more cationic lipids comprising from about
50 mol % to about 85 mol %ofthe total lipid present in the
particle; (c) one or more non-cationic lipids comprising from
about 13 mol % to about 49.5 mol % ofthe total lipid present
in the particle; and (d) one or more conjugated lipids that
inhibit aggregation of particles comprising from about 0.5
mol % to about 2 mol % of the total lipid present in the
particle.

In certain embodiments, the active agent or therapeutic
agentis fully encapsulated withinthelipid portionofthe lipid
particle such that the active agentor therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation, e.g., by a nuclease or protease. In certain other
embodiments, the lipid particles are substantially non-toxic
to mammals such as humans.

In some embodiments, the active agentor therapeutic agent
comprises a nucleic acid. In certain instances, the nucleic acid
comprises an interfering RNA molecule such as, e.g., an
siRNA, aiRNA, miRNA,or mixtures thereof. In certain other
instances, the nucleic acid comprises single-stranded or
double-stranded DNA, RNA, ora DNA/RNA hybrid suchas,
e.g., an antisense oligonucleotide, a ribozyme, a plasmid, an
immunostimulatory oligonucleotide, or mixtures thereof.

In other embodiments, the active agentor therapeutic agent
comprises a peptide or polypeptide. In certain instances, the
peptide or polypeptide comprises an antibodysuchas,e.g., a
polyclonal antibody, a monoclonal antibody, an antibody
fragment; a humanized antibody, a recombinant antibody, a
recombinant human antibody, a Primatized™ antibody, or
mixtures thereof. In certain other instances, the peptide or
polypeptide comprises a cytokine, a growthfactor, an apop-
totic factor, a differentiation-inducing factor, a cell-surface
receptor, a ligand, a hormone, a small molecule (e.g., small
organic molecule or compound), or mixtures thereof.

In preferred embodiments, the active agent or therapeutic
agent comprises an siRNA.In one embodiment, the siRNA
molecule comprises a double-stranded region of about 15 to
about 60 nucleotides in length (e.g., about 15-60, 15-50,
15-40, 15-30, 15-25, or 19-25 nucleotides in length, or 15, 16,
17, 18,19, 20, 21, 22, 23, 24, or 25 nucleotides in length). The
siRNA molecules ofthe inventionare capable ofsilencing the
expressionofa target sequence in vitro and/or in vivo.
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In some embodiments, the siRNA molecule comprisesat
least one modified nucleotide. In certain preferred embodi-
ments, the siRNA molecule comprises one, two, three, four,
five, six, seven, eight, nine, ten, or more modified nucleotides
in the double-stranded region.In certaininstances, the siRNA
comprises from about 1%to about 100% (e.g., about 1%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%)
modified nucleotides in the double-stranded region. In pre-
ferred embodiments, less than about 25%(e.g., less than
about 25%, 20%, 15%, 10%, or 5%) or from about 1%to
about 25% (e.g., from about 1%-25%, 5%-25%, 10%-25%,
15%-25%, 20%-25%, or 10%-20%) of the nucleotides in the
double-stranded region comprise modified nucleotides.

In other embodiments, the siRNA molecule comprises
modified nucleotides including, but not limited to, 2'-O-me-
thyl (2'OMe) nucleotides, 2'-deoxy-2'-fluoro (2'F) nucle-
otides, 2'-deoxy nucleotides, 2'-O-(2-methoxyethyl) (MOE)
nucleotides, locked nucleic acid (LNA) nucleotides, and mix-
tures thereof. In preferred embodiments, the siRNA com-
prises 2'0Menucleotides (e.g., 2;0Me purine and/or pyrimi-
dine nucleotides) such as, for example, 2'OMc-guanosine
nucleotides, 2'OMe-uridine nucleotides, 2'0Me-adenosine
nucleotides, 2'OMe-cytosine nucleotides, and mixtures
thereof. In certain instances, the siRNA does not comprise
2'OMe-cytosine nucleotides. In other embodiments, the
siRNA comprises a hairpin loop structure.

‘The siRNA may comprise modified nucleotides in one
strand (i.e., sense or antisense) or both strands ofthe double-
stranded region of the siRNA molecule. Preferably, uridine
and/or guanosine nucleotides are modified at selective posi-
tionsin the double-stranded region ofthe siRNA duplex. With
regard to uridine nucleotide modifications, at least one, two,
three, four, five, six, or more of the uridine nucleotides in the
sense and/orantisense strand can be a modified uridine nucle-
otide such as a 2'0Me-uridine nucleotide. In some embodi-

ments, every uridine nucleotide in the sense and/or antisense
strand is a 2'OMe-uridine nucleotide. With regard to gua-
nosine nucleotide modifications, at least one, two, three, four,
five, six, or more of the guanosine nucleotides in the sense
and/or antisense strand can be a modified guanosine nucle-
otide such as a 2'OMe-guanosine nucleotide. In some
embodiments, every guanosine nucleotide in the sense and/or
antisense strand is a 2'0Me-guanosine nucleotide.

In certain embodiments, at least one, two, three, four, five,
six, seven, or more 5'-GU-3' motifs in an siRNA sequence
may be inodified, e.g., by introducing mismatches to elimi-
nate the 5'-GU-3' motifs and/or by introducing modified
nucleotides such as 2'OMenucleotides. The 5'-GU-3' motif

canbe in the sensestrand, the antisense strand, or both strands
ofthe siRNA sequence. The 5'-GU-3' motifs maybe adjacent
to eachotheror, alternatively, they may be separated by 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more nucleotides.

In some preferred embodiments, a modified siRNA mol-
ecule is less immunostimulatory than a corresponding
unmodified siRNA sequence. In such embodiments, the
modified siRNA molecule with reduced immunostimulatory
properties advantageously retains RNAiactivity against the
target sequence. In another embodiment, the imniunostimu-
latory properties of the modified siRNA molecule and its
ability to silence target gene expression can be balanced or
optimized by the introduction of minimal and selective
2'OMe modifications within the siRNA sequence such as,
e.g., within the double-stranded region of the siRNA duplex.
In certain instances, the moditied siRNAis at least about 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
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94%, 95%, 96%, 97%, 98%, 99%, or 100% less immuno-
stimulatory than the corresponding unmodified siRNA.It will
be readily apparent to those of skill in theart that the immu-
nostimulatory properties of the modified siRNA molecule
and the corresponding unmodified siRNA molecule can be
determined by, for example, measuring INF-c and/or II.-6
levels from about two to about twelve hours after systemic
administration in a mammalortransfection of a mammalian

respondercell using an appropriate lipid-based delivery sys-
tem (such as the SNALPdelivery system disclosed herein).

In certain embodiments, a modified siRNA molecule has
anlC,, (.e., half-maximal inhibitory concentration) less than
or equal to ten-fold that of the corresponding unmodified
siRNA (1.e., the modified siRNA has an IC.,,, that is less than
or equal to ten-times the IC., of the corresponding unmodi-
fied siRNA). In other embodiments, the modified siRNA has
an IC.less than or equalto three-fold that ofthe correspond-
ing unmodified siRNA sequence. In yet other embodiments,
the modified siRNA hasan IC,less than or equalto two-fold
that of the corresponding unmodified siRNA. It will be
readily apparent to those ofskill in the art that a dose-response
curve can be generated and the IC,, values for the modified
siRNA and the corresponding unmoditied siRNA can be
readily determined using methods knownto those ofskill in
the art.

In yet another embodiment, a modified siRNA moleculeis
capable ofsilencing at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 100% ofthe expression ofthetarget
sequence relative to the corresponding unmodified siRNA
sequence.

In some embodiments, the siRNA molecule does not com-
prise phosphate backbone modifications, e.g., in the sense
and/or antisense strand of the double-stranded region. In
other embodiments, the siRNA comprises one, two, three,
four, or more phosphate backbone modifications, e.g., in the
sense and/or antisense strand ofthe double-stranded region.
In preferred embodiments, the siRNA does not comprise
phosphate backbone modifications.

In further embodiments, the siRNA does not comprise
2'-deoxynucleotides, e.g., inthe sense and/or antisense strand
ofthe double-stranded region. In yet further embodiments,
the siRNA comprises one, two, three, four, or more 2'-deoxy
nucleotides, e.g., in the sense and/orantisense strandofthe
double-stranded region. In preferred embodiments, the
siRNA does not comprise 2'-deoxy nucleotides.

In certain instances, the nucleotide at the 3'-end of the
double-stranded region in the sense and/or antisense strandis
not a modified nucleotide. In certain other instances, the

nucleotides near the 3'-end (e.g., within one, two, three, or
four nucleotides of the 3'-end) ofthe double-stranded region
in the sense and/orantisense strand are not modified nucle-
otides.

The siRNA molecules described herein may have 3' over-
hangs of one, two, three, four, or more nucleotides on one or
both sides of the double-stranded region, or may lack over-
hangs (.e., have blunt ends) on one or both sides ofthe
double-stranded region. Preferably, the siRNA has 3' over-
hangs of two nucleotides on each side of the double-stranded
region. In certain instances, the 3' overhang onthe antisense
strand has complementarity to the target sequence andthe 3'
overhang on the sense strand has complementarity to a
complementarystrandofthe target sequence. Alternatively,
the 3' overhangs do not have complementarity to the target
sequence or the complementary strand thereof. In some
embodiments, the 3' overhangs comprise one, two, three,
four, or more nucleotides such as 2'-deoxy (2'H) nucleotides.
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In certain preferred embodiments, the 3' overhangs comprise
deoxythymidine (dT) and/or uridine nucleotides. In other
embodiments, one or more of the nucleotides in the 3' over-
hangs on one or both sides of the double-stranded region
comprise modified nucleotides. Non-limiting examples of
modified nucleotides are described above and include 2'0Me

nucleotides, 2'-deoxy-2'F nucleotides, 2'-deoxy nucleotides,
2'-O-2-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In preferred embodiments, one, two, three, four, or
more nucleotides in the 3' overhangs present on the sense
and/or antisense strand of the siRNA comprise 2'0Menucle-
otides (¢.g., 2?OMe purine and/or pyrimidine nucleotides)
such as, for example, 2'"0Me-guanosine nucleotides, 2'OMc-
uridine nucleotides, 2'OMe-adenosine nucleotides, 2'0Me-
cytosine nucleotides, and mixtures thereof.

The siRNA maycompriseat least one or a cocktail(e.g., at
least two,three, four,five, six, seven, eight, nine, ten, or more)
ofunmodified and/or modified siRNA sequencesthat silence
target gene expression. The cocktail of siRNA may comprise
sequences which are directed to the same region or domain
(e.g., a “hot spot”) and/or to different regions or domains ef
one or more target genes. In certain instances, one or more
(e.g., at least two, three, four, five, six, seven, eight, nine, ten,
or more) modified siRNAthat silence target gene expression
are present in a cocktail. In certain other instances, one or
more(e.g., at least two, three, four, five, six, seven, eight,
nine, ten, or more) unmodified siRNA sequencesthat silence
target gene expression are present in a cocktail.

In some embodiments, the antisense strand of the siRNA
molecule comprises or consists of a sequencethat is at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
complementaryto the target sequence or a portion thereof. In
other embodiments, the antisense strand of the siRNA mol-
ecule comprises or consists of a sequence that is 100%
complementaryto the target sequenceora portionthereof. In
further embodiments, the antisense strand of the siRNA mol-

ecule comprises or consists of a sequence that specifically
hybridizes to the target sequence or a portion thereof.

In further embodiments, the sense strand of the siRNA
molecule comprises or consists of a sequencethat is at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% iden-
tical to the target sequenceor a portionthereof. In additional
embodiments, the sense strand of the siRNA molecule com-
prises or consists of a sequencethat is 100% identical to the
target sequenceor a portion thereof.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNAsuch as siRNA),the cationic lipid
may comprise, e.g., one or more ofthe following: 1,2-dilino-
leyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-dili-
nolenyloxy-N,N-dimethylaminopropane (DLenDMA), 2,2-
dilinoleyl-4-(2-dimethylaminoethy1)-[1,3]-dioxolane (DLin-
K-C2-DMA; “XTC2”), 2,2-dilinoleyl-4-(3-
dimethylaminopropyl)-[1,3[|-dioxolane (DLin-K-C3-DMA),
2,2-dilinoleyl-4-(4-dimethylaminobuty])[1,3]-dioxolane
(DLin-K-C4-DMA),
ethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MP#), 2,2-dili-
noleyl-4-dimethylaminomethy1-[1,3]-dioxolane (DLin-K-
DMA), 1,2-dilinoleylcarbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP), 1,2-dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-
dilinoleyoxy-3-morpholinopropane (DLin-MA),—1,2-
dilincleoyl-3-dimethylaminopropane (DLinDAP),—1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA),
1-linoleoyl-2-linoleyloxy-3-dimethylaminopropane (DLin-
2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.Cl), 1,2-dilinoleoyl-3-trimethy-

2,2-dilinoleyl-5-dimethylaminom-
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laminopropane chloride salt (DLin-TAP.C)), 1,2-dilinoley-
loxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N,N-
dilinvleylamino)-1,2-propanediol (DLinAP),  3-(N,N-
dioleylamino)-1,2-propanedio (DOAD), 1,2-dilinoleyloxo-3-
(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA),
N,N-dioleyl-N,N-dimethylammonium chloride (DODAC),
1,2-dioleyloxy-N,N-dimethylaminopropane (DODMA),
1,2-distearyloxy-N,N-dimethylaminopropane (DSDMA),
N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium
chloride (DOTMA), N,N-distearyl-N,N-dimethylammo-
nium bromide (DDAB), N-(1-(2,3-dioleoyloxy)propyl)-N,N,
N-trimethylammonium chloride (DOTAP), 3-(N-—-(N',N'-
dimethylaminocthane)-carbamoyl)cholesterol _(DC-Chol),
N-(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxy-
ethyl ammonium bromide (DMRIF), 2,3-dioleyloxy-N-[2
(spermine-carboxamido)ethyl]-N,N-dimethyl-1-propan-
aminiumtrifluoroacetate (DOSPA), dioctadecylamidoglycyl
spermine (DOGS), 3-dimethylamino-2-(cholest-5-en-3-
beta-oxybutan-4-oxy)-1 -(cis,cis-9,12-octadecadienoxy)pro-
pane (CLinDMA), 2-[5'-(cholest-5-en-3-beta-oxy)-3'-oxap-
entoxy)-3-dimethyl-1-(cis,cis-9', 1-2'-octadecadienoxy)
propane (CpLinDMA), N,N-dimethy]-3,4-
dioleyloxybenzylamine (DMOBA), 1,2-N,N'-
dioleylearbamy1-3-dimethylaminopropane (DOcarbDAP),
1,2-N,N'-dilinoleylcarbamyl-3-dimethylaniinopropane
(DLincarbDAP), or mixtures thereof. In certain preferred
embodiments, the cationic lipid is DLinDMA, DLin-K-C2-
DMA (“XT'C2”), or mixtures thereof.

The synthesis of cationic lipids such as DLin-K-C2-DMA
(“XTC2”), DLin-K-C3-DMA, DLin-K-C4-DMA,DLin-K6-
DMA,and DLin-K-MPZ, as well as additional cationic lip-
ids, is described in U.S. Provisional Application No. 61/104,
212, filed Oct. 9, 2008. the disclosure of which is herein
incorporated byreference in its entirety for all purposes. The
synthesis ofcationic lipids such as DLin-K-DMA, DLin-C-
DAP, DLin-DAC, DLin-MA, DLinDAP, DLin-S-DMA,
DLin-2-DMAP, DLin-TMA.Cl, DLin-TAP.Cl, DLin-MP7Z,
DLinAP, DOAP, and DLin-EG-DMA,as well as additional
cationic lipids, is described in PCT Application No. PCT/
US08/88676, filed Dec. 31, 2008, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses. The synthesis ofcationic lipids such as CLinDMA,as
well as additional cationic lipids, is described in U.S. Patent
Publication No. 20060240554, the disclosure of which is

herein incorporated by reference inits entirety for all pur-
poses.

In some embodiments, the cationic lipid may comprise
from about 50 mol % to about 90 mol %,from about 50 mol
% to about 85 mol %, from about 50 mol % to about 80 mol
%, from about 50 mol % to about 75 mol %, from about 50
mol % to about 70 mol %, from about 50 mol % to about 65
mol %, or from about 50 mol %to about 60 mol %ofthetotal
lipid presentin theparticle.

In other embodiments, the cationic lipid may comprise
from about 55 mol % to about 90 mol %,from about 55 mol
% to about 85 mol %, from about 55 mol % to about 80 mol
%, from about 55 mol % to about 75 mol %, from about 55
mol % to about 70 mol %, or from about 55 mol %to about 65

mol % ofthe total lipid present in the particle.
In yet other embodiments, the cationic lipid may comprise

from about 60 mol % to about 90 mol %, from about 60 mol
% to about 85 mol %, from about 60 mol % to about 80 mol
%, from about 60 mol % to about 75 mol %, or from about 60
mol % to about 70 mol %ofthe total lipid present in the
particle.

In still yet other embodiments, the cationic lipid may com-
prise from about 65 mol %to about 90 mol %, from about 65
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mol %to about 85 mol %, from about 65 mol % to about 80
mol %, or from about 65 mol % to about 75 mol %ofthetotal
lipid present in the particle.

In further embodiments, the cationic lipid may comprise
from about 70 mol % to about 90 mol %, from about 70 mol
% to about 85 mol %, from about 70 mal % to about 80 mol
%, from about 75 mol % to about 90 mol %, from about 75
mol %to about 85 mol %,or from about 80 mol % to about 90
mol %of the total lipid present in theparticle.

In additional embodiments, the cationic lipid may com-
prise (at least) about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, or 90 mol % (or
any fraction thereofor range therein)ofthe total lipid present
in the particle.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNA such as sikNA), the non-cationic
lipid may comprise, e.g., one or more anionic lipids and/or
neutral lipids. In preferred embodiments, the non-cationic
lipid comprises one of the following neutral lipid compo-
nents: (1) cholesterol or a derivative thereof; (2) a phosphe-
lipid; or (3) a mixture of a phospholipid and cholesterol or a
derivative thereof.

Examples of cholesterol derivatives include, but are not
limited to, cholestanol, cholestanone, cholestenone, copros-
tanol, cholesteryl-2'-hydroxyethyl ether, cholesteryl-4'-hy-
droxybuty] ether, and mixtures thereof. The synthesis of cho-
lesteryl-2'-hydroxyethy] ether is described herein.

The phospholipid maybe a neutral lipid including, but not
limited to, dipalmitoylphosphatidylcholine (DPPC), dis-
tearoylphosphatidylcholine (DSPC), dioleoylphosphatidyle-
thanolamine (DOPE), palmitoyloleoyl-phosphatidylcholine
(POPC), palmitoyloleoyl-phosphatidylethanolamine
(POPE), palmitoyloleyol-phosphatidylglycerol (POPG),
dipalmitoyl-phosphatidylethanolamine (DPPE), dimyris-
tovl-phosphatidylethanolamine (DMPE), distearoyl-phos-
phatidylethanolamine (DSPE), monomethy]-phosphatidyle-
thanolamine, dimethyl-phosphatidylethanolamine,
dielaidoyl-phosphatidylethanolamine (DEPE),  stearoylo-
leoyl-phosphatidylethanolamine (SOPE), egg phosphatidyl-
choline (EPC), and mixtures thereof. In certain preferred
embodiments, the phospholipid is DPPC, DSPC, or mixtures
thereof.

In some embodiments, the non-cationic lipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol %to about 60 mol %, from about 15 mol %to
about 60 mol %, from about 20 mol % to about 60 mol %,
from about 25 mol % to about 60 mol %, from about 30 mol
% to about 60 mol %, from about 10 mol % to about 55 mol
%, from about 15 mol % to about 55 mol %, from about 20
mol %to about 55 mol %, from about 25 mol %te about 55
mol %, from about 30 mol % to about 55 mol %, from about
13 mol %to about 50 mol %, from about 15 mol % to about
50 mol % or from about 20 mol % to about 50 mol % ofthe

total lipid presentin the particle. When the non-cationic lipid
is amixture ofa phospholipid and cholesterol or a cholesterol
derivative, the mixture may comprise up to about 40, 50, or 60
mol % ofthetotal lipid presentin the particle.

In other embodiments, the non-cationic lipid (e.g., one or
more phospholipids and/or cholesterol) may comprise from
about 10 mol % to about 49.5 mol %, from about 13 mol % to
about 49.5 mol %, from about 15 mol % to about 49.5 mol %,
from about 20 mol % to about 49.5 mol %, from about 25 mol
%to about 49.5 mol %, from about 30 mol % to about 49.5
mol %, from about 35 mol % to about 49.5 mol %, or from
about 40 mol %to about 49.5 mol %ofthetotal lipid present
in the particle.
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In yet other embodiments, the non-cationiclipid (e.g., one
or more phospholipids and/or cholesterol) may comprise
from about 10 mol %to about 45 mol %, from about 13 mol
%to about 45 mol %, from about 15 mol %to about 45 mol
%, from about 20 mol % to about 45 mol %, from about 25
mol % to about 45 mol %, from about 30 mol % to about 44
mol %, or from about 35 mol % to about 45 mol % ofthetotal
lipid presentintheparticle.

In still yet other embodiments, the non-cationiclipid(e.g.,
one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 40 mol %,from about 13 mol
% to about 40 mol %, fromabout 15 mol % to about 40 mol
%, from about 20 mol % to about 40 mol %, from about 25
mol % to about 40 mol %, or from about 30 mol % to about 40

mol %ofthe total lipid present in the particle.
In further embodiments, the non-cationiclipid (e.g., one or

more phospholipids and/or cholesterol) may comprise from
about 10 mol % to about 35 mol %, from about 13 mol % to
about 35 mol %, from about 15 mol % to about 35 mol %,
from about 20 mol % to about 35 mol %,or from about 25 mol
% to about 35 mol %ofthe total lipid presentin the particle.

In yet further embodiments, the non-cationic lipid (c.g.,
one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 30 mol %,from about 13 mol
% to about 30 mol %, from about 15 mol % to about 30 mol
%, from about 20 mol % to about 30 mol %, from about 10
mol % to about 25 mol %, from about 13 mol % to about 25
mol %, or from about 15 mol %to about 25 mol % ofthetotal
lipid present in the particle.

In additional embodiments, the non-cationic lipid (e.g.,
one or more phospholipids and/or cholesterol) may comprise
(at least) about 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29.30, 31,32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,55, 56,
57, 58, 59, or 60 mol % (or any fraction thereof or range
therein) of the total lipid present in the particle.

In certain preferred embodiments, the non-cationic lipid
comprises cholesterol or a derivative thereof of from about
31.5 mol %to about 42.5 mol % ofthe total lipid present in the
particle. As a non-limiting example, a phospholipid-free lipid
particle ofthe invention may comprise cholesterolor a deriva-
tive thereofat about 37 mol % of the total lipid present in the
particle. In other preferred embodiments, a phospholipid-free
lipid particle of the invention may comprise cholesterol or a
derivative thereofoffrom about 30 mol % to about 45 mol %,
from about 30 mol %to about 40 mol %, from about 30 mol
% to about 35 mol %, from about 35 mol % to about 45 mol
%, from about 40 mol % to about 45 mol %, from about 32
mol % to about 45 mol %, from about 32 mol % to about 42
mol %, from about 32 mol %to about 40 mol %, from about
34 mol %to about 45 mol %, from about 34 mol % to about
42 mol %, from about 34 mol % to about 40 mol %, or about
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, or 45
mol % (or any fraction thereof or range therein) of the total
lipid present in theparticle.

In certain other preferred embodiments, the non-cationic
lipid comprises a mixture of: (1) a phospholipid offrom about
4 mol %to about 10 mol % ofthe total lipid present in the
particle; and (11) cholesterol or a derivative thereof of from
about 30 mol % to about 40 mol %ofthe total lipid presentin
the particle. As a non-limiting example, a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPCat about 7 mel % andcholesterol at about 34 mol
%of the total lipid present in the particle. In other embodi-
ments, the non-cationic lipid comprises a mixture of: (i) a
phospholipid of from about 3 mol % to about 15 mol %, from
about 4 mol %to about 15 mol %, from about 4 mol %to
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about 12 mol %, from about 4 mol % to about 10 mol %, from
about 4 mol %to about 8 mol %, from about 5 mol % to about
12 mol %, from about 5 mol %to about 9 mol %, from about
6 mol % to about 12 mol %, from about 6 mol %to about 10
mol %, or about 3, 4, 5, 6, 7,8, 9, 10, 11, 12,13, 14, or 15 mol
% (or any fraction thereof or range therein) ofthe total lipid
present in the particle; and (ii) cholesterol or a derivative
thereofoffrom about 25 mol % to about 45 mol %, from about
30 mol %to about 45 mol %, from about 25 mol % to about
40 mol %, from about 30 mol % to about 40 mol %, from
about 25 mol %to about 35 mol %, from about 30 mol % to
about 35 mol %, from about 35 mol % to about 45 mol %,
from about 40 mol % to about 45 mol %, from about 28 mol
% to about 40 mol %, from about 28 mol % to about 38 mol
%, from about 30 mol % to about 38 mol %, from about 32
mol % to about 36 mol %, or about 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, or 45 mol %
(or any fraction thereof or range therein) of the total lipid
presentin the particle.

In further preferred embodiments, the non-cationic lipid
comprises a mixture of: (1) a phospholipid of from about 10
mol % to about 30 mol %of the total lipid present in the
particle; and (ii) cholesterol or a derivative thereof of from
about 10 mol %to about 30 mol % ofthetotal lipid present in
the particle. As a non-limiting example, a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPC at about 20 mol % and cholesterol at about 20 mol
% ofthe total lipid present in the particle. In other embodi-
ments, the non-cationic lipid comprises a mixture of: (i) a
phospholipid offrom about 10 mol %to about 30 mol %, from
about 10 mol %to about 25 mol %, from about 10 mol %to
about 20 mol %, from about 15 mol % to about 30 mol %,
from about 20 mol % to about 30 mol %, from about 15 mol
% to about 25 mol %, from about 12 mol % to about 28 mol
%, from about 14 mol % to about 26 mol %, or about 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, or 30 mol %(or anyfraction thereofor range therein) of
the total lipid present in the particle; and (ii) cholesterol or a
derivative thereofoffrom about 10 mol %to about 30 mol %,
from about 10 mol % to about 25 mol %, from about 10 mol
% to about 20 mol %, from about 15 mol % to about 30 mol
%, from about 20 mol % to about 30 mol %, from about 15
mol %to about 25 mol %, from about 12 mol % to about 28
mol %, from about 14 mol % to about 26 mol %, or about 10,
11, 12,13, 14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30 mol % (or any fraction thereof or range therein)
ofthetotal lipid presentin the particle.

In the lipid particles of the invention (e.g., SNALP com-
prising an interfering RNA such as siRNA), the conjugated
lipid that inhibits aggregation ofparticles may comprise, ¢.g.,
one or more ofthe following: a polyethyleneglycol (PEG)-
lipid conjugate, a polyamide (ATTA)-lipid conjugate, a cat-
ionic-polymer-lipid conjugates (CPLs), or mixtures thereof.
In one preferred embodiment, the nucleic acid-lipid particles
comprise either a PEG-lipid conjugate or anATTA-lipid con-
jugate. In certain embodiments, the PEG-lipid conjugate or
ATTA-lipid conjugate is used together with a CPL. The con-
jugated lipid that inhibits aggregation of particles may com-
prise a PEG-lipid including, e.g., a PEG-diacylglycerol
(DAG), a PEG dialkyloxypropyl (DAA), a PEG-phospho-
lipid, a PEG-ceramide (Cer), or mixtures thereof. The PEG-
DAA conjugate may be PEG-dilauryloxypropyl (C12), a
PEG-dimyristyloxypropyl (C14), a PEG-dipalmityloxypro-
py! (C16), a PEG-distearyloxypropyl (C18), or mixtures
thereof.

Additional PL'G-lipid conjugates suitable for use in the
invention include, but are not limited to,mPEG2000-1,2-di-
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O-alkyl-sn3-carbomoylglyceride (PEG-C-DOMG). The syn-
thesis of PEG-C-DOMGis described in PCTApplication No.
PCT/US08/88676, filed Dec. 31, 2008, the disclosure of
whichis herein incorporated by reference inits entiretyfor all
purposes. Yet additional PEG-lipid conjugates suitable for
use in the invention include, without limitation, 1-[8'-(1,2-
dimyristoyl-3-propanoxy)-carboxamido-3',6'-dioxaoctany]]
carbamoyl-w-methyl-poly(ethylene glycol) (2KPEG-DMG).
The synthesis of 2KPEG-DMGis described in U.S. Pat. No.
7,404,969, the disclosure of which is herein incorporated by
reference in its entirety for all purposes.

The PEG moiety of the PEG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 550 daltons to about 10,000 daltons. In certain
instances, the PEG moiety has an average molecular weight
of from about 750 daltons to about 5,000daltons(e.g., from
about 1,000 daltons to about 5,000 daltons, from about 1,500
daltons to about 3,000 daltons, from about 750 daltons to
about 3,000 daltons, from about 750 daltons to about 2,000
daltons,etc.). In preferred embodiments, the PEG moiety has
an average molecular weight of about 2,000 daltons or about
750 daltons.

In some embodiments, the conjugated lipid that inhibits
aggregation ofparticles isa CPLthat has the formula: A-W-Y,
wherein A is a lipid moiety, W is a hydrophilic polymer, and
Y is apolycationic moiety. W may be apolymerselected from
the group consisting of polyethyleneglycol (PEG), polya-
mide, polylactic acid, polyglycolic acid, polylactic acid/
polyglycolic acid copolymers, or combinations thereof, the
polymer having a molecular weight of from about 250 to
about 7000daltons. In some embodiments, Y has at least 4

positive charges at a selected pH. In some embodiments, Y
may be lysine, arginine, asparagine, glutamine, derivatives
thereof, or combinations thereof.

In certain instances, the conjugated lipid that inhibits
aggregation ofparticles (e.g., PEG-lipid conjugate) may
comprise from about 0.1 mol % to about 2 mol %, from about
0.5 mol %to about 2 mol %,from about | mol % to about 2
mol %,from about 0.6 mol %to about 1.9 mol %, from about
0.7 mol % to about 1.8 mol %, from about 0.8 mol % to about
1.7 mol %, from about 1 mol % to about 1.8 mol %, from
about 1.2 mal % to about 1.8 mol %, from about 1.2 mol %to
about 1.7 mol %, from about 1.3 mol % to about 1.6 mol %,
from about 1.4 mol % to about 1.5 mol %, or about 1, 1.1, 1.2,
1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2 mol %(or any fraction
thereof or range therein) of the total lipid present in the
particle.

In the lipid particles of the invention, the active agent or
therapeutic agent may be fully encapsulated within the lipid
portion ofthe particle, thereby protecting the active agent or
therapeutic agent from enzymatic degradation. In preferred
embodiments, a SNAL.P comprising a nucleic acid such as an
interfering RNA (e.g., siRNA) is fully encapsulated within
the lipid portionofthe particle, thereby protecting the nucleic
acid from nuclease degradation. In certain instances, the
nucleic acid in the SNALPis not substantially degradedafter
exposure of the particle to a nuclease at 37° C. for at least
about20, 30, 45, or 60 minutes. In certain other instances, the
nucleic acid in the SNALPis not substantially degraded after
incubation ofthe particle in serum at 37° C.for at least about
30, 45, or 60 minutesor at least about 2, 3, 4, 5, 6,7, 8, 9, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, or 36 hours. In
other embodiments, the active agent or therapeutic agent
(e.g., nucleic acid such as siRNA) is complexed with thelipid
portion ofthe particle. One ofthe benefits ofthe formulations
of the present inventionis that the lipid particle compositions
are substantially non-toxic to mammals such as humans.
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The term “fully encapsulated” indicates that the active
agent or therapeutic agent in the lipid particle is not signifi-
cantly deyraded afler exposure to serum or 4 nuclease or
protease assay that would significantly degrade free DNA,
RNA,orprotein. In a fully encapsulated system, preferably
less than about 25% ofthe active agent or therapeutic agent in
the particle is degraded in a treatment that would normally
degrade 100% offree active agentor therapeutic agent, more
preferably less than about 10%, and mostpreferablyless than
about 5% of the active agent or therapeutic agent in the
particle is degraded.In the context ofnucleic acid therapeutic
agents, full encapsulation may be determined by an Oli-
grecn® assay. Oligrecn® is an ultra-scnsitive fluorescent
nucleic acid stain for quantitating oligonucleotides and
single-stranded DNA or RNA in solution (available from
Invitrogen Corporation; Carlsbad, Calif.). “Fully encapsu-
lated”also indicates that the lipid particles are serum-stable,
that is, that they do not rapidly decomposeinto their compo-
nent parts uponin vivo administration.

In another aspect, the present invention provides a lipid
particle (e.g., SNALP) composition comprising a plurality of
lipid particles. In preferred embodiments, the active agent or
therapeutic agent (e.g., nucleic acid) is fully encapsulated
within the lipid portion ofthe lipid particles (e.g., SNALP),
such that from about 30%to about 100%, from about 40%to
about 100%, from about 50% to about 100%, from about 60%
to about 100%, from about 70% to about 100%, from about
80% to about 100%, from about 90% to about 100%, from
about 30% to about 95%,from about 40%to about 95%,from
about 50% to about 95%, from about 60%to about 95%, %,
from about 70%to about 95%, from about 80% to about 95%,
from about 85%to about 95%, from about 90% to about 95%,
from about 30%to about 90%,from about 40% to about 90%,
from about 50%to about 90%, from about 60% to about 90%,
from about 70%to about 90%, from about 80% to about 90%,
or at least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% (or anyfraction thereof or range
therein) of the lipid particles (e.g., SNALP) have the active
agentor therapeutic agent encapsulated therein.

Typically, the lipid particles (e.g., SNALP) ofthe invention
havea lipid:active agent(e.g., lipid:nucleic acid) ratio (mass/
massratio) of from about 1 to about 100. In someinstances,
the lipid:active agent (e.g., lipid:nucleic acid) ratio (mass/
mass ratio) ranges from about 1 to about 50, fromabout 2 to
about 25, from about 3 to about 20, from about 4 to about 15,
or from about 5 to about 10. In preferred embodiments, the
lipid particles of the invention have a lipid:active agent(e.g.,
lipid:nucleic acid) ratio (mass/massratio) of from about 5 to
about15, e.g., about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 (er
anyfraction thereofor range therein).

Typically,the lipid particles (e.g., SNALP) ofthe invention
have a mean diameter of from about 40 nm to about 150 nm.

In preferred embodiments, the lipid particles (e.g., SNALP)
ofthe invention have a mean diameter offrom about 40 nmto

about 130 nm, from about 40 nm to about 120 nm,from about
40 nmto about 100 nm,from about 50 nm to about 120 nm,
from about 50 nmto about 100 nm, from about 60 nm to about
120 nm, from about 60 nmto about 110 nm, from about 60 nm
to about 100 nm, from about 60 nm to about 90 nm, from
about 60 nm to about 80 nm, from about 70 nm to about 120
nm, from about 70 nm to about 110 nm, from about 70 nmto
about 100 nm, from about 70 nm to about 90 nm, from about
70 nm to about 80 nm,or less than about 120 nm, 110 nm, 100
nm, 90.nm, or 80 nm(or anyfraction thereofor range therein).

In one specific embodiment of the invention, the SNALP
comprises: (a) one or more unmodified and/or modifiedinter-
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fering RNA(e.g., siRNA, aiRNA, miRNA)thatsilence target
gene expression; (b) a cationic lipid comprising from about
56.5 mol % to aboul 66.5 mol %ofthe totallipid present in the
particle; (c) a non-cationic lipid comprising from about 31.5
mol % to about 42.5 mol % ofthe total lipid present in the
particle; and (d)a conjugated lipid that inhibits aggregation of
particles comprising from about | mol % to about 2 mol % of
the total lipid present in the particle. This specific embodi-
ment of SNALPis generallyreferred to herein as the “1:62”
formulation. In a preferred embodiment,the cationic lipid is
DLinDMAor DLin-K-C2-DMA (“XTC2”), the non-cationic
lipid is cholesterol, and the conjugated lipid is a PEG-DAA
conjugate. Although these are preferred embodiments of the
1:62 formulation, those of skill in the art will appreciate that
other cationic lipids, non-cationic lipids (including other cho-
lesterol derivatives), and conjugated lipids can be used in the
1:62 formulation as described herein.

In another specific embodiment of the invention, the
SNALPcomprises: (a) one or more unmodified and/or modi-
fied interfering RNA (e.g., siRNA, aiRNA, miRNA) that
silence target gene expression; (b) a cationic lipid comprising
from about 52 mol % to about 62 mol % of the total lipid
present in the particle; (c) a non-cationic lipid comprising
from about 36 mol %to about 47 mol % of the total lipid
presentin the particle; and (d) a conjugatedlipid that inhibits
aggregation of particles comprising from about 1 mol % to
about 2 mol % ofthe total lipid present in the particle. This
specific embodiment of SNALP is generally referred to
herein as the “1:57” formulation. In one preferred embodi-
ment, the cationic lipid is DLinDMA or DLin-K-C2-DMA
(“XTC2”), the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC) and cholesterol, wherein the phospho-
lipid comprises from about 5 mol % to about 9 mol % of the
total lipid present inthe particle (e.g., about 7.1 mol %) and
the cholesterol (or cholesterol derivative) comprises from
about 32 mol % to about 37 mol % ofthetotal lipid present in
the particle (e.g., about 34.3 mol %), and the PEG-lipid is a
PEG-DAA(e.g., PEG-cDMA).In another preferred embodi-
ment, the cationic lipid isDLinDMA or DLin-K-C2-DMA
(“XTC2”), the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC) and cholesterol, wherein the phospho-
lipid comprises from about 15 mol % to about 25 mol %ofthe
total lipid presentin the particle (e.g., about 20 mol %) and the
cholesterol (or cholesterol derivative) comprises from about
15 mol % to about 25 mol %of the total lipid present in the
particle (e.g., about 20 mol %), and the PEG-lipid is a PEG-
DAA (e.g., PEG-cDMA). Although these are preferred
embodiments of the 1:57 formulation, those ofskill in the art
will appreciate that other cationic lipids, non-cationic lipids
(including other phospholipids and other cholesterol deriva-
tives), and conjugated lipids can be usedin the 1:57 formu-
lation as described herein.

In preferred embodiments, the 1:62 SNALP formulation is
a three-component system which is phospholipid-free and
comprises about 1.5 mol % PEG-cDMA(or PEG-cDSA),
about 61.5 mol % DLinDMA(or XTC2), and about 36.9 mol
% cholesterol (or derivative thereof). In other preferred
embodiments, the 1:57 SNALP formulationis a four-compo-
nent system which comprises about 1.4 mol % PEG-cDMA
(or PEG-cDSA), about 57.1 mol % DLinDMA (or XTC2),
about 7.1 mol % DPPC,and about 34.3 mol % cholesterol (or
derivative thereof}. In yet other preferred embodiments, the
1:57 SNALPformulation is a four-component system which
comprises about 1.4 mol % PEG-cDMA (or PEG-cDSA),
about 57.1 mol % DLinDMA (or XTC2), about 20 mol %
DPPC, and about 20 mol % cholesterol (or derivative
thereof). It should be understood that these SNALP formula-

JA00187
GENV-00000187



JA00188

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 191 of 695 PageID #: 6982Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 191 of 695 PagelD #: 6982

US 8,822,668 B2
25

tions are target formulations, and that the amount oflipid
(both cationic and non-cationic) present and the amount of
lipid conjugate present in the SNALP formulations may vary.

The present invention also provides a pharmaceutical com-
position comprising a lipid particle (e.g., SNALP) described
herein and a pharmaceutically acceptable carrier.

Ina further aspect, the present invention provides a method
for introducing one or more active agents or therapeutic
agents (e.g., nucleic acid) into a cell, comprising contacting
the cell with a lipid particle (e.g., SNALP) described herein.
In one embodiment, the cell is ina mammal and the mammal
is a human. In another embodiment, the present invention
provides a method for the in vivo delivery of one or more
active agents or therapeutic agents (e.g., nucleic acid), com-
prising administering to a mammalian subject a lipid particle
(e.g., SNALP) deseribed herein. In a preferred embodiment,
the mode of administration includes, but is not limited to,
oral, intranasal, intravenous, intraperitoneal, intranmscular,
intraarticular, intralesional, intratracheal, subcutaneous, and
intradermal. Preferably, the mammalian subject is a human.

In one embodiment, at least about 5%, 10%, 15%, 20%, or
25% ofthe total injected dose ofthe lipid particles (c.g.,
SNALP)is present in plasma about8, 12, 24, 36, or 48 hours
after injection. In other embodiments, more than about 20%,
30%, 40%and as muchas about 60%, 70%or 80%ofthe total
injected dose ofthe lipid particles (e.g., SNALP)is present in
plasma about 8, 12, 24, 36, or 48 hours after injection. In
certain instances, more than about 10% ofa plurality of the
particles is present in the plasma of a mammal about 1 hour
after administration. In certain other instances, the presence
ofthe lipid particles (e.g., SNALP) is detectable at least about
1 hourafter administration ofthe particle. In certain embodi-
ments, the presence of an active agent or therapeutic agent
suchas an interfering RNA(e.g., siRNA) is detectable in cells
ofthe lung, liver, tumor, or at a site ofinflammation at about
8, 12, 24, 36, 48, 60, 72 or 96 hours after administration. In
other embodiments, downregulation ofexpression ofa target
sequence byan active agent or therapeutic agent such as an
interfering RNA(e.g., siRNA)is detectable at about 8, 12, 24,
36, 48, 60, 72 or 96 hours after administration. In yet other
embodiments, downregulation of expression of a target
sequence byan active agent or therapeutic agent such as an
interfering RNA(e.g., siRNA) occurs preferentially in tumor
cells or in cells at a site of inflammation. In further embodi-

ments, the presence or effect of an active agent or therapeutic
agent such as an interfering RNA (e.g., sIRNA) in cells ata
site proximalor distal to the site of administration orin cells
ofthe lung, liver, or a tumoris detectable at about 12, 24, 48,
72, or 96 hours,or at about 6, 8, 10, 12, 14, 16, 18, 19, 20, 22,
24, 26, or 28 days after administration. In additional embodi-
ments, the lipid particles (e.g., SNALP) of the invention are
administered parenterally or intraperitoneally.

In some embodiments,the lipid particles (e.g., SNALP) of
the invention are particularly useful in methodsfor the thera-
peutic delivery of one or more nucleic acids comprising an
interfering RNA sequence(e.g., siRNA).In particular, it is an
object ofthis invention to provide in vitro and in vivo methods
for treatment of a disease or disorder in a mammal(e.g., a
rodent such as a mouseor a primate such as a human, chim-
panzee, or monkey) by downregulating or silencing the tran-
scription and/ortranslation of one or moretarget nucleic acid
sequencesor genesofinterest. As a non-limiting example, the
methods of the invention are useful for in vivo delivery of
interfering RNA (e.g., sIRNA) to the liver and/or tumorof a
mammalian subject. In certain embodiments, the disease or
disorder is associated with expression and/or overexpression
of a gene and expression or overexpression of the gene is
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reduced bythe interfering RNA(e.g., siRNA). In certain other
embodiments, a therapeutically effective amountofthe lipid
particle (e.g., SNALP) may be administered to the mammal.
In some instances, an interfering RNA (e.g., siRNA)is for-
mulated into a SNALP, andthe particles are administered to
patients requiring such treatment. In other instances,cells are
removed from a patient, the interfering RNA(e.g., sIRNA)is
delivered in vitro (e.g., using a SNALP described herein), and
the cells are reinjected intothe patient.

In an additional aspect, the present invention provideslipid
particles (e.g., SNALP) comprising asynimetricalinterfering
RNA (aiRNA) molecules that silence the expression of a
target gene and methods of using such particles to silence
target gene expression.

In one embodiment, the aiRNA molecule comprises a
double-stranded (duplex) region ofabout 10to about 25 (base
paired) nucleotides in length, wherein the aiRNA molecule
comprises an antisense strand comprising 5' and 3' overhangs,
and wherein the aiRNA molecule is capable ofsilencing
target gene expression.

In certain instances, the aiRNA molecule comprises a
double-stranded (duplex) region of about 12-20, 12-19,
12-18, 13-17, or 14-17 (base paired) nucleotides in length,
more typically 12, 13, 14, 15, 16, 17, 18, 19, or 20 (base
paired) nucleotides in length. In certain other instances, the 5'
and 3' overhangson the antisense strand comprise sequences
that are complementary to the target RNA sequence, and may
optionally further comprise nontargeting sequences. In some
embodiments, each ofthe 5' and 3' overhangson the antisense
strand comprises or consists of one, two, three, four, five, six,
seven, or more nucleotides.

In other embodiments, the aiRNA molecule comprises
modified nucleotides selected from the group consisting of
2'OMenucleotides, 2'F nucleotides, 2'-deoxy nucleotides,
2'-O-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In a preferred embodiment, the aiRNA molecule
comprises 2'OMenucleotides. As anon-limiting example, the
2'OMenucleotides may be selected from the group consisting
of 2'OMe-guanosine nucleotides, 2'OMe-uridine nucle-
otides, and mixtures thereof.

In a related aspect, the present invention provides lipid
particles (e.g., SNALP) comprising microRNA (miRNA)
molecules that silence the expression of a target gene and
methods of using such compositions to silence target gene
expression.

In one embodiment, themiRNA molecule comprises about
15 to about 60 nucleotides in length, wherein the miRNA
molecule is capable of silencing target gene expression.

In certain instances, the miRNA molecule comprises about
15-50, 15-40, or 15-30 nucleotides in length, more typically
about 15-25 or 19-25 nucleotidesin length, and are preferably
about 20-24, 21-22, or 21-23 nucleotides in length. In a pre-
ferred embodiment, the miRNA molecule is a mature miRNA
molecule targeting an RNA sequenceofinterest.

In some embodiments, the miRNA molecule comprises
modified nucleotides selected from the group consisting of
2'OMenucleotides, 2'F nucleotides, 2'-deoxy nucleotides,
2'-O-MOE nucleotides, LNA nucleotides, and mixtures
thereof. In a preferred embodiment, the miRNA molecule
comprises 2'OMenucleotides. As anon-liniting example, the
2'OMenucleotides maybe selected from the group consisting
of 2'OMe-guanosine nucleotides, 2'OMe-uridine nucle-
otides, and mixtures thereof.

Assuch,the lipid particles of the invention (e.g., SNALP)
are advantageousandsuitable for use in the administration of
active agents or therapeutic agents such as nucleic acid (e.g.,
interfering RNA such as siRNA, aiRNA, and/or miRNA)to a
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subject (e.g., a mammal such as a human) because theyare
stable in circulation, of a size required for pharmacodynamic
behavior resulting in access lo extravascular siles, and are
capable of reaching target cell populations.
IV, Active Agents

Active agents (e.g., therapeutic agents) include any mol-
ecule or compound capable of exerting a desired effect on a
cell, tissue, organ, or subject. Such effects maybe, e.g., bio-
logical, physiological, and/or cosmetic. Active agents may be
anytype ofmolecule or compoundincluding, but not limited
to, nucleic acids, peptides, polypeptides, small molecules,
and mixtures thereof. Non-limiting examples ofnucleic acids
include interfering RNA molecules (¢.g., siRNA, aiRNA,
miRNA), antisense oligonucleotides, plasmids, ribozymes,
immunostimulatory oligonucleotides, and mixtures thereof.
Examples of peptides or polypeptides include, without limi-
tation, antibodies (e.g., polyclonal antibodies, monoclonal
antibodies, antibody fragments; humanized antibodies,
recombinant antibodies, recombinant humanantibodies, Pri-
matized™antibodies), cytokines, growth factors, apoptotic
factors, differentiation-inducing factors, cell-surface recep-
tors and their ligands, hormones, and mixtures thereof.
Examples of small molecules include, but are not limitedto,
small organic molecules or compoundssuch as any conven-
tional agent or drug knownto those of skill in the art.

In some embodiments, the active agent is a therapeutic
agent, ora salt or derivative thereof. Therapeutic agent deriva-
tives maybe therapeuticallyactive themselves or they may be
prodrugs, which becomeactive upon further modification.
Thus, in one embodiment, a therapeutic agent derivative
retains someorall of the therapeutic activity as compared to
the unmodified agent, while in another embodiment, a thera-
peutic agent derivative is a prodrug that lacks therapeutic
activity, but becomesactive upon further modification.

A. Nucleic Acids

In certain embodiments, lipid particles of the present
invention are associated with a nucleic acid, resulting in a
nucleic acid-lipid particle (e.g., SNALP). In some embodi-
ments, the nucleic acid is fully encapsulated in the lipid
particle. As used herein, the term“nucleic acid” includes any
oligonucleotide orpolynucleotide, with fragments containing
up to 60 nucleotides generally termed oligonucleotides, and
longer fragments termed polynucleotides. In particular
embodiments, oligonucletoides of the invention are from
about 15 to about 60 nucleotides in length. Nucleic acid may
be administered alonein the lipid particles ofthe invention, or
in combination(e.g., co-administered) with lipid particles of
the invention comprising peptides, polypeptides, or small
molecules such as conventional drugs.

In the context ofthis invention, the terms “polynucleotide”
and “oligonucleotide” refer to a polymer or oligomer cf
nucleotide or nucleoside monomers consisting of naturally-
occurring bases, sugars and intersugar (backbone) linkages.
The terms “polynucleotide” and “oligonucleotide” also
include polymers or oligomers comprising non-naturally
occurring monomers, or portions thereof, which function
similarly. Such modified or substituted oligonucleotides are
often preferred over native forms because ofproperties such
as, for example, enhanced cellular uptake, reduced immuno-
genicity, and increased stability in the presence ofnucleases.

Oligonucleotides are generally classified as deoxyribooli-
gonucleotides or ribooligonucleotides. A deoxyribooligo-
nucleotide consists of a 5-carbon sugar called deoxyribose
joined covalently to phosphate at the 5' and 3' carbonsofthis
sugar to form analternating, unbranched polymer. A ribooli-
gonucleotide consists of a similar repeating structure where
the 5-carbon sugaris ribose.
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The nucleic acid that is present in a lipid-nucleic acid
particle according to this invention includes any form of
nucleic acid that is known. The nucleic acids used herein can

be single-stranded DNA or RNA,or double-stranded DNA or
RNA, or DNA-RNA hybrids. Examples of double-stranded
PNA are described herein andinclude,e.g., structural genes,
genes including control and termination regions, and self-
replicating systems suchas viral or plasmid DNA. Examples
of double-stranded RNA are deseribed herein and include,
e.g., SIRNA and other RNAi agents such as aiRNA andpre-
miRNA. Single-stranded nucleic acids include, e.g., anti-
sense oligonucleotides, ribozymes, mature miRNA, andtri-
plex-forming oligonucleotides.

Nucleic acids of the invention maybe ofvarious lengths,
generally dependent uponthe particular form ofnucleic acid.
For example, in particular embodiments, plasmids or genes
may be from about 1,000 to about 100,000 nucleotide resi-
dues in length. In particular embodiments, oligonucleotides
may range from about 10 to about 100 nucleotides in length.
In various related embodiments, oligonucleotides, both
single-stranded, double-stranded, andtriple-stranded, may
range in length from about 10 to about 60 nucleotides, from
about 15 to about 60 nucleotides, from about 20 to about 50
nucleotides, from about 15 to about 30 nucleotides, or from
about 20 to about 30 nucleotides in length.

In particular embodiments, an oligonucleotide (or a strand
thereof) of the invention specifically hybridizes to or is
complementary to a target polynucleotide sequence. ‘he
terms “specifically hybridizable” and “complementary” as
used herein indicate a sufficient degree of complementarity
such that stable and specific binding occurs between theDNA
or RNAtarget andthe oligonucleotide. It is understoodthat an
oligonucleotide need not be 100% complementary toits tar-
get nucleic acid sequenceto be specifically hybridizable. In
preferred embodiments, an oligonucleotide is specifically
hybridizable whenbindingofthe oligonucleotideto the target
sequence interferes with the normal function ofthe target
sequence to cause a loss ofutility or expression therefrom,
and there is a sufficient degree of complementarity to avoid
non-specific binding of the oligonucleotide to non-target
sequences under conditions in which specific binding is
desired, i.e., under physiological conditions in the case of in
vivo assaysor therapeutic treatment, or, in the case of in vitro
assays, under conditions in which the assays are conducted.
Thus, the oligonucleotide mayinclude 1, 2, 3, or more base
substitutions as compared to the region of a gene or mRNA
sequencethat it is targeting or to whichit specifically hybrid-
izes.

1. siRNA

The siRNA componentofthe nucleic acid-lipid particles of
the present invention is capable of silencing the expression of
a target gene of interest. Each strand of the siRNA duplex is
typically about 15 to about 60 nucleotides in length, prefer-
ably about 15 to about 30 nucleotides in length. In certain
embodiments, the siRNA comprises at least one modified
nucleotide. The modified siRNA is generally less immuno-
stimulatory than a corresponding unmodified siRNA
sequence and retains RNAiactivity against the target gene of
interest. In some embodiments, the modified siRNA contains
at least one 2'OMepurineor pyrimidine nucleotide such as a
2'OMe-guanosine, 2'OMe-uridine, 2'0Me-adenosine, and/or
2'OMe-cytosine nucleotide. In preferred embodiments, one
or more ofthe uridine and/or guanosine nucleotides are modi-
fied. The modified nucleotides can be present in one strand
(i.e., sense or antisense) or both strands of the siRNA. The
siRNA sequences may have overhangs (e.g., 3' or 5' over-
hangs as described in Elbashir et al., Genes Dev., 15:188
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(2001) or Nyk&nenet al., Ce//, 107:309 (2001)), or may lack
overhangs (1.e., have blunt ends).

The modified siRNA generally comprises from about 1%
to about 100%(e.g., about 1%, 2%, 3%, 4%, 5%, 6%, 7%,
8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%,
29%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, or 100%) modified nucleotides
in the double-stranded region of the siRNA duplex.In certain
embodiments, one, two, three, four, five, six, seven, eight,
nine, ten, or more of the nucleotides in the double-stranded

region of the siRNA comprise modified nucleotides.
In some embodiments, less than about 25%(e.g., less than

about 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%,
16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,

5%, 4%, 3%, 2%, or 1%) of the nucleotides in the double-
stranded region ofthe siRNA comprise modified nucleotides.

In other embodiments, from about 1% to about 25% (e.g.,
from about 1%-25%, 2%-25%, 3%-25%, 4%-25%, 5%-25%,
6%-25%, 7%-25%, 8%-25%, 9%-25%, 10%-25%,
11%-25%, 12%-25%, 13%-25%, 14%-25%, 15%-25%,
16%-25%, 17%-25%, 18%-25%, 19%-25%, 20%-25%,
21%-25%, 22%-25%, 23%-25%, 24%-25%, etc.) or from
about 1%to about 20% (e.g., from about 1%-20%, 2%-20%,
3%-20%, 4%-20%, 5%-20%, 6%-20%, 7%-20%, 8%-20%,
9%-20%, 10%-20%, 11%-20%, 12%-20%, 13%-20%, 14%-
20%, —15%-20%, 16%-20%, 17%-20%, 18%-20%,
19%-20%, 1%-19%, 2%-19%, 3%-19%, 4%-19%, 5%-19%,
6%-19%, =7%-19%, 8%-19%, 9%-19%,—10%-19%,
11%-19%,  12%-19%, 13%-19%, 14%-19%, 15%-19%,
16%-19%,=17%-19%, 18%-19%, 1%-18%, 2%-18%,
3%-18%, 4%-18%, 5%-18%, 6%-18%, 7%-18%, 8%-18%,
9%-18%, 10%-18%, 11%-18%, 12%-18%, 13%-18%, 14%-
18%, 15%-18%, 16%-18%, 17%-18%, 1%-17%, 2%-17%,
3%-17%, 4%-17%, 5%-17%, 6%-17%, 7%-17%, 8%-17%,
9%-17%, 10%-17%, 11%-17%, 12%-17%, 13%-17%, 14%-
17%, 15%-17%, 16%-17%, 1%-16%, 2%-16%, 3%-16%,
4%-16%, 5%-16%, 6%-16%, 7%-16%, 8%-16%, 9%-16%,
10%-16%, 11%-16%, 12%-16%, 13%-16%, 14%-16%,
15%-16%, 1%-15%, 2%-15%, 3%-15%, 4%-15%, 5%-15%,
6%-15%, 7%-15%, 8%-15%, 9%-15%, 10%-15%,
11%-15%, 12%-15%, 13%-15%, 14%-15%, etc.) of the
nucleotides in the double-stranded region ofthe siRNA com-
prise modified nucleotides.

In further embodiments, e.g., when one or both strands of
the siRNAare selectively modified at uridine and/or gua-
nosine nucleotides, the resulting modified siRNA can com-
prise less than about 30% modified nucleotides(e.g., less than
about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%,
11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% modi-
fied nucleotides) or from about 1% to about 30%modified
nucleotides (e.g., from about 1%-30%, 2%-30%, 3%-30%,
4%-30%, 5%-30%, 6%-30%, 7%-30%, 8%-30%, 9%-30%,
10%-30%, 11%-30%, 12%-30%, 13%-30%, 14%-30%,
15%-30%, 16%-30%, 17%-30%, 18%-30%, 19%-30%,
20%-30%, 21%-30%, 22%-30%, 23%-30%, 24%-30%,
25%-30%, 26%-30%, 27%-30%, 28%-30%, or 29%-30%
modified nucleotides).

a. Selection of siRNA Sequences
Suitable siRNA sequences can be identified using any

means knownin the art. Typically, the methods described in
Elbashiret al., Nature, 411:494-498 (2001) and Elbashir et
al., EMBO J., 20:6877-6888 (2001) are combined with ratic-
nal design rules set forth in Reynoldset al., Nature Biotech.,
22(3):326-330 (2004).
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Generally, the nucleotide sequence 3' of the AUG start
codon of a transcript from the target gene of interest is
seanned for dinucleotide sequences(e.g., AA, NA, CC, GG,
or UU, wherein N=C, G, or U) (see, e.g., Elbashir et al.,
EMBO J., 20:6877-6888 (2001)). The nucleotides immedi-
ately 3' to the dinucleotide sequencesare identified as poten-
tial siRNA sequences(i.e., a target sequence or a sense strand
sequence). Typically, the 19, 21, 23, 25, 27, 29, 31, 33, 35, or
more nucleotides immediately 3' to the dinucleotide
sequences are identified as potential siRNA sequences. In
some embodiments, the dinucleotide sequence is an AA or
NA sequenceand the 19 nucleotides immediately 3’ to theAA
or NA dinucleotide are identified as potential siRNA
sequences. siRNA sequences are usually spacedat different
positions along the length of the target gene. To further
enhancesilencing efficiency of the siRNA sequences, poten-
tial siRNA sequences maybe analyzed toidentify sites that do
not contain regions of homology to other coding sequences,
e.g., in the target cell or organism. For example, a suitable
siRNA sequence ofabout 21 basepairs typically will not have
more than 16-17 contiguousbase pairs ofhomologyto coding
sequences in the target cell or organism. If the siRNA
sequencesare to be expressed from an RNA PolHI promoter,
siRNA sequences lacking more than 4 contiguous A’s or T’s
are selected.

Once a potential siRNA sequence has been identified, a
complementary sequence(1.e., an antisense strand sequence)
can be designed. A potential siRNA sequence can also be
analyzed using a variety of criteria known in the art. For
example, to enhance their silencing efficiency, the siRNA
sequences may be analyzed bya rational design algorithm to
identify sequences that have one or more of the following
features: (1) G/C content ofabout 25% to about 60% G/C;(2)
at least 3 A/Usat positions 15-19 of the sense strand; (3) no
internal repeats; (4) anA at position 19 ofthe sense strand; (5)
anA at position 3 ofthe sense strand; (6) a U at position 10 of
the sense strand; (7) no G/C at position 19 ofthe sensestrand,
and (8) no Gat position 13 of the sense strand. siRNA design
tools that incorporate algorithmsthat assign suitable values of
each of these features and are useful for selection of siRNA

can be foundat, e.g., http://boz094 ust.hk/RNAj/siRNA. One
of skill in the art will appreciate that sequences with one or
more of the foregoing characteristics may be selected for
further analysis and testing as potential siRNA sequences.

Additionally, potential siRNA sequences with one or more
ofthe followingcriteria can often be eliminated as siRNA:(1)
sequences comprising a stretch of 4 or more of the same base
ina row;(2) sequences comprising homopolymersofGs (1.e.,
to reduce possible non-specific effects due to structural char-
acteristics of these polymers; (3) sequences comprisingtriple
base motifs (e.g., GGG, CCC, AAA, or TTT); (4) sequences
comprising stretches of 7 or more G/Cs in a row; and (5)
sequences comprising direct repeats of4 or more bases within
the candidates resulting in internal fold-back structures.
However, oneofskill in the art will appreciate that sequences
with one or moreofthe foregoing characteristics maystill be
selected for further analysis and testing as potential siRNA
sequences.

In some embodiments, potential siRNA sequences may be
further analyzed based on siRNA duplex asymmetry as
describedin,e.g., Khvorovaet al., Ce//, 115:209-216 (2003);
and Schwarz et al., Ce//, 115:199-208 (2003). In other
embodiments, potential siRNA sequences may be further
analyzed based on secondarystructure at the target site as
described in, e.g., Luo et al., Biophys. Res. Commun., 318:
303-310 (2004). Mor example, secondary structure at the tar-
get site can be modeled using the Mfold algorithm (available
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at http://www.bioinfo.rpi.edu/applications/mfold/ma/
form1.cgi) to select sikNA sequences which favor accessi-
bility at the target sile where less secondary structure in the
form of base-pairing and stem-loopsis present.

Once a potential siRNA sequence has been identified, the
sequence can he analyzed for the presence of any immuno-
stimulatory properties, e.g., using an in vitro cytokine assay
or an in vivo animal model. Motifs in the sense and/oranti-

sense strand of the siRNA sequence such as GU-rich motits
(e.g., 5'-GU-3', 5'-UGU-3', 5'-GUGU-3', 5'-UGUGU-3",etc.)
can also provide an indication of whether the sequence may
be immunostimulatory. Once an siRNA molecule is found to
be immunostimulatory, it can then be modified to decrease its
immunostimulatory properties as described herein. As a non-
limiting example, an siRNA sequence can be contacted with
a mammalian respondercell under conditions such that the
cell produces a detectable immune response to determine
whether the siRNA is an immunostimulatory or a non-immu-
nostimulatory siRNA. The mammalian respondercell may be
from a naive mammal(i.e., a mammalthathas not previously
been in contact with the gene product of the siRNA
sequence). The mammalian responder cell may be, ¢.g., a
peripheral blood mononuclear cell (PBMC), a macrophage,
andthe like. The detectable immune response may comprise
production of a cytokine or growth factor such as,e.g., TNF-
a, IFN-a, IFN-B, IFN-y, IL-6, IL-12, or a combination
thereof. An siRNA molecule identified as being immuno-
stimulatory can then be modified to decrease its immuno-
stimulatory properties by replacing at least one ofthe nucle-
otides on the sense and/or antisense strand with modified

nucleotides. For example, less than about 30% (e.g., less than
about 30%, 25%, 20%, 15%, 10%, or 5%) of the nucleotides
in the double-stranded region of the siRNA duplex can be
replaced with modified nucleotides such as 2'OMenucle-
otides. The modified siRNA can then be contacted with a

mamunalian respondercell as described above to confirm that
its immunostimulatory properties have been reducedor abre-
gated.

Suitable in vitro assays for detecting, an immune response
include, but are not limited to, the double monoclonalanti-
body sandwich immunoassay technique of David et al. (U.S.
Pat. No. 4,376,110); monoclonal-polyclonal antibody sand-
wichassays (Wide etal., in Kirkhamand Hunter, eds., Radio-
immunoassay Methods, E. and S. Livingstone, Edinburgh
(1970)); the “Western blot” method ofGordonet al. (U.S.Pat.
No. 4,452,901); immunoprecipitation of labeled ligand
(Brown et al. J Biol. Chem., 255:4980-4983 (1980));
enzyme-linked immunosorbent assays (ELISA) as described,
for example, by Raineset al., J. Biol. Chem., 257:5154-5160
(1982); immunocytochemical techniques, including the use
offluorochromes (Brookset al., Clin. Exp. immunol., 39:477
(1980)); and neutralization of activity (3owen-Popeetal.,
Proc. Natl. Acad. Sci. USA, 81:2396-2400 (1984)). In addi-
tion to the immunoassaysdescribed above, a numberofother
immunoassays are available, including those described in
USS. Pat. Nos. 3,817,827; 3,850,752: 3,901,654; 3,935,074;
3,984,533; 3,996,345; 4,034,074; and 4,098,876. The disclo-
sures ofthese references are herein incorporated byreference
in their entirety for all purposes.

A non-limiting example of an in vivo model for detecting
an immune response includes an in vivo mouse cytokine
induction assayas described in, e.g., Judgeet al., Mol. Ther,
13:494-505 (2006). In certain embodiments, the assay that
can be performedas follows: (1) siRNA can be administered
by standard intravenous injection in the lateral tail vein; (2)
blood canbe collected by cardiac puncture about6 hours after
administration and processed as plasmafor cytokine analysis;
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and (3) cytokines can be quantified using sandwich ELISA
kits according to the manufacturer’s instructions(e.g., mouse
and human IFN-a (PBL Biomedical; Piscataway, N.J.);
human IL-6 and TNF-a (eBioscience; San Diego, Calif.); and
mouseIL-6, TNF-a, and IFN-y (BD Biosciences; San Diego,
Calif.)).

Monoclonalantibodies that specifically bind cytokines and
growth factors are commercially available from multiple
sources and can be generated using methods knownintheart
(see, e.g., Kohler et al., Nature, 256: 495-497 (1975) and
Harlow and Lane, ANTIBODIES, A LABORATORY
MANUAL, Cold Spring Harbor Publication, New York
(1999)). Generation of monoclonal antibodies has been pre-
viously described and can be accomplished by any means
knownin the art (Buhringet al., in Hybridoma, Vol. 10, No. 1,
pp. 77-78 (1991)). In some methods, the monoclonal anti-
body is labeled (e.g., with any composition detectable by
spectroscopic, photochemical, biochemical, electrical, opti-
cal, or chemical means)to facilitate detection.

b. Generating siRNA Molecules
siRNAcanbe provided in several forms including,e.g., as

one or more isolated small-interforing RNA (siRNA)
duplexes, as longer double-stranded RNA (dsRNA), or as
siRNA or dsRNAtranscribed from a transcriptional cassette
in a DNA plasmid. The siRNA sequences may have over-
hangs(e.g., 3' or 5' overhangs as described in Elbashiret al.,
Genes Dev., 15:188 (2001) or Nykanenetal., Ce//, 107:309
(2001), or maylack overhangs(1.¢., to have blunt ends).

An RNApopulation can be used to provide long precursor
RNAs,or long precursor RNAsthat have substantial or com-
plete identity to a selected target sequence can be used to
make the siRNA. The RNAscan beisolated from cells or

tissue, synthesized, and/or cloned according to methods well
known to those of skill in the art. The RNA can be a mixed

population (obtained from cells or tissue, transcribed from
cDNA, subtracted, selected, etc.), or can represent a single
target sequence. RNA can be naturally occurring (e.g., iso-
lated from tissue or cell samples), synthesized in vitro (e.g.,
using 17 or SP6 polymerase and PCR products or a cloned
cDNA), or chemically synthesized.

To form a long dsRNA, for synthetic RNAs, the comple-
ment is also transcribed in vitro and hybridized to form a
dsRNA.If a naturally occurring RNA population is used, the
RNA complements are also provided (e.g., to form dsRNA
for digestion by &. coli RNAse III or Dicer), e.g., by tran-
seribing cDNAscorresponding to the RNA population, or by
using RNA polymerases. The precursor RNAs are then
hybridized to form double stranded RNAsfor digestion. The
dsRNAscan be directly administered to a subject or can be
digestedin vitro prior to administration.

Methodsfor isolating RNA, synthesizing RNA, hybridiz-
ing nucleic acids, making and screening cDNAlibraries, and
performing PCRare well knowninthe art (see, e.g., Gubler
and Hoffman, Gene, 25:263-269 (1983); Sambrook et al.,
supra; Ausubel et al., supra), as are PCR methods(see, U.S.
Pat. Nos. 4,683,195 and 4,683,202; PCR Protocols: A Guide
to Methods andApplications(Innisetal., eds, 1990)). Expres-
sion libraries are also well knownto those of skill in the art.

Additional basic texts disclosing the general methods of use
in this invention include Sambrooket al.,Molecular Cloning,
A Laberatory Manual (2nd ed. 1989); Kriegler, Gene Trans-
fer and Expression: A Laboratory Manual (1990); and Cur-
rent Protocols in Molecular Biology (Ausubel et al., eds.,
1994). The disclosures of these references are herein incor-
porated byreference in their entirety for all purposes.

Preferably, siRNA are chemically synthesized. The oligo-
nucleotides that comprise the siRNA molecules of the inven-
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tion can be synthesized using any ofa variety of techniques
knownin the art, such as those described in Usman etal., /.
Am. Chem. Soc., 109:7845 (1987); Scaringe et al., Nucl. Acids
Res., 18:5433 (1990); Wincott et al., Nucl Acids Res.,
23:2677-2684 (1995); and Wincott et al., Methods Mol. Bio.,
74:59 (1997). The synthesis ofoligonucleotides makes use of
common nucleic acid protecting and coupling groups, such as
dimethoxytrityl at the 5'-end and phosphoramidites at the
3'-end. As a non-limiting example, small scale syntheses can
be conducted on an Applied Biosystems synthesizer using a
0.2 jumol scale protocol. Alternatively, syntheses at the 0.2
pnol scale can be performed on a 96-well plate synthesizer
from Protogene (Palo Alto, Calif.). However, a larger or
smaller scale of synthesis is also within the scope ofthis
invention. Suitable reagents for oligonucleotide synthesis,
methods for RNA deprotection, and methods for RNA puri-
fication are knownto those ofskill in theart.

siRNA molecules can also be synthesized via a tandem
synthesis technique, wherein both strands are synthesized as
a single continuous oligonucleotide fragment or strand sepa-
rated by a cleavable linker that is subsequently cleaved to
provide separate fragments or strands that hybridize to form
the siRNA duplex. The linker can be a polynucleotide linker
or a non-nucleotide linker. The tandem synthesis of siRNA
can bereadily adapted to both multiwell/multiplate synthesis
platformsas well as large scale synthesis platforms employ-
ing batch reactors, synthesis columns, and the like. Alterna-
tively, siRNA molecules can be assembled from two distinct
oligonucleotides, wherein one oligonucleotide comprises the
sense strand and the other comprises the antisense strand of
the siRNA. For example, each strand can be synthesized
separately and joined together by hybridization or ligation
following synthesis and/or deprotection. In certain other
instances, siRNA molecules can be synthesized as a single
continuous oligonucleotide fragment, wherethe self-comple-
mentary sense and antisense regions hybridize to form an
siRNA duplex having hairpin secondary structure.

c. Modifying siRNA Sequences
In certain aspects, sIRNA molecules comprise a duplex

having two strands and at least one modified nucleotide in the
double-stranded region, wherein each strand is about 15 to
about 60 nucleotides in length.Advantageously, the modified
siRNA is less immunostimulatory than a corresponding
unmodified siRNA sequence, but retains the capability of
silencing the expression of a target sequence. In preferred
embodiments, the degree of chemical modifications intro-
duced into the siRNA molecule strikes a balance between

reduction or abrogation of the immunostimulatory properties
of the siRNAandretention of RNAiactivity. As a non-limit-
ing example, an siRNA molecule that targets a gene ofinter-
est can be minimally modified (e.g., less than about 30%,
25%, 20%, 15%, 10%, or 5% moditied) at selective uridine
and/or guanosine nucleotides within the siRNA duplex to
eliminate the immuneresponse generated by the siRNA while
retaining its capability to silence target gene expression.

Examples of modified nucleotides suitable for use in the
invention include, but are not limited to, ribonucleotides hav-
ing a 2'-O-methyl ('OMe), 2'-deoxy-2'-fluoro (2'F), 2%
deoxy, 5-C-methyl, 2'-O-(2-methoxyethyl) (MOE), 4'-thio,
2'-amino, or 2'-C-allyl group. Modified nucleotides having a
Northern conformation such as those described in, e.g.,
Saenger, Principles ofNucleic Acid Structure, Springer-Ver-
lag Ed. (1984), are also suitable for use in siRNA molecules.
Such modified nucleotides include, without limitation,
locked nucleic acid (LNA) nucleotides (e.g., 2'-O, 4'-C-me-
thylene-(D-ribofuranosyl) nucleotides), 2'-O-(2-methoxy-
ethyl) (MOE) nucleotides, 2'-metlyl-thio-ethyl nucleotides,
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2'-deoxy-2'-fluoro (2'F) nucleotides, 2'-deoxy-2'-chloro
(2'Cl) nucleotides, and 2'-azido nucleotides. In certain
instances, the siRNA molecules deseribed herein include one
or more G-clamp nucleotides.A G-clamp nucleotiderefers to
a modified cytosine analog wherein the modifications confer
the ability to hydrogen bond both Watson-Crick and Hoogs-
teen faces of a complementary guanine nucleotide within a
duplex (see, e.g., Linetal., din. Chem. Soc., 120:8531-8532
(1998)). In addition, nucleotides having a nucleotide base
analog such as, for example, C-phenyl, C-naphthyl, other
aromatic derivatives, inosine, azole carboxamides, and
nitroazole derivatives such as 3-nitropyrrole, 4-nitroindole,
5-nitroindole, and 6-nitroindole (sec, ¢.g., Loakes, Nucl.
Acids Res., 29:2437-2447 (2001)) can be incorporated into
siRNA molecules.

In certain embodiments, siRNA molecules may further
comprise one or more chemical modifications such as termi-
nal cap moieties, phosphate backbone modifications, and the
like. Examples of terminal cap moieties include, without
limitation, inverted deoxy abasic residues, glyceryl modifi-
cations, 4',5'-methylene nucleotides, 1-(8-D-erythrofurano-
syl) nucleotides, 4'-thio nucleotides, carbocyclic nucleotides,
1,5-anhydrohexitol nucleotides, L-nucleotides, c-nucle-
otides, modified base nucleotides, threo-pentofuranosyl
nucleotides, acyclic 3',4'-seco nucleotides, acyclic 3,4-dihy-
droxybutyl nucleotides, acyclic 3,5-dihydroxypentyl nucle-
otides, 3'-3'-inverted nucleotide moieties, 3'-3'-inverted aba-
sic moieties, 3'-2'-inverted nucleotide moieties, 3'-2'-inverted
abasic moieties, 5'-5'-inverted nucleotide moieties, 5'-5'-in-
verted abasic moieties, 3'-5'-inverted deoxy abasic moieties,
5'-amino-alkyl phosphate, 1,3-diamino-2-propyl phosphate,
3-aminopropyl phosphate, 6-aminohexyl phosphate, 1,2-
aminododecyl] phosphate, hydroxypropyl phosphate, 1,4-bu-
tanediol phosphate, 3'-phosphoramidate, 5'-phosphorami-
date, hexylphosphate, aminohexyl phosphate, 3'-phosphate,
5'-amino, 3'-phosphorothioate, 5'-phosphorothioate, phos-
phorodithioate, and bridging or non-bridging methylphos-
phonate or 5'-mercapto moieties (see, e.g., U.S. Pat. No.
5,998,203; Beaucage et al., Zetrahedron 49:1925 (1993)).
Non-limiting examples ofphosphate backbone modifications
(i.e., resulting in modified internucleotide linkages) include
phosphorothioate, phosphorodithioate, methylphesphonate,
phosphotriester, morpholino, amidate, carbamate, carboxym-
ethyl, acetamidate, polyamide, sulfonate, sulfonamide, sulfa-
mate, formacetal, thioformacetal, and alkylsilyl substitutions
(see, e.g., Hunziker et al., Nucleic AcidAnalogues: Synthesis
andProperties, in Modern Synthetic Methods, VCH, 331-417
(1995); Mesmaekeret al., Novel Backbone Replacementsfor
Oligonucleotides, in Carbohydrate Modifications in Anti-
sense Research, ACS, 24-39 (1994)). Such chemical modifi-
cations can occur at the 5'-end and/or 3'-end of the sense

strand, antisense strand, or both strands of the siRNA. The
disclosures of these references are herein incorporated by
reference in their entirety for all purposes.

In some embodiments, the sense and/or antisensestrand of
the siRNA molecule can further comprise a 3'-terminal over-
hang having about 1 to about 4 (e.g., 1, 2, 3, or 4) 2'-deoxy
ribonucleotides and/or any combination of modified and
unmodified nucleotides. Additional examples of modified
nucleotides and types of chemical modifications that can be
introduced into siRNA molecules are described, e.g., in UK
Patent No. GB 2,397,818 B and U.S.Patent Publication Nos.
20040192626, 20050282188, and 20070135372, the disclo-
sures of which are herein incorporated by reference in their
entirety for all purposes.

The siRNA molecules described herein can optionally
coniprise one or more non-nucleotides in one or both strands
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of the siRNA. As used herein, the term “non-nucleotide”

refers to any group or compoundthat can be incorporated into
a nucleic acid chain in the place of one or more nucleotide
units, including sugar and/or phosphate substitutions, and
allows the remaining bases to exhibittheir activity. The group
or compoundis abasic in that it does not contain a commonly
recognized nucleotide base such as adenosine, guanine,
cytosine, uracil, or thymine and therefore lacks a base at the
1'-position.

In other embodiments, chemical modification of the
siRNA comprises attaching a conjugate to the siRNA mol-
ecule. The conjugate can be attached atthe 3 and/or 3'-end of
the sense and/orantisense strand of the siRNA viaa covalent

attachment suchas, e.g., a biodegradable linker. The conju-
gate can also be attached to the siRNA, e.g., through a car-
bamate group or other linking group (see, e.g., U.S. Patent
Publication Nos. 20050074771, 20050043219, and

20050158727). In certain instances, the conjugate is a mol-
ecule that facilitates the delivery of the siRNA into a cell.
Examples of conjugate molecules suitable for attachment to
siRNA include, without limitation, steroids such as choles-
terol, glycols such as polyethylene glycol (PEG), human
serum albumin (HSA), fatty acids, carotenoids, terpenes, bile
acids, folates (e.g., folic acid, folate analogs and derivatives
thereof}, sugars (e.g., galactose, galactosamine, N-acetyl
galactosamine, glucose, mannose, fructose, fucose, etc.),
phospholipids, peptides, ligands tor cellular receptors
capable of mediating cellular uptake, and combinations
thereof (see, e.g., U.S. Patent Publication Nos. 20030130186,
20040110296, and 20040249178; U.S. Pat. No. 6,753,423).
Other examples includethe lipophilic moiety, vitamin, poly-
mer, peptide, protein, nucleic acid, small molecule, oligosac-
charide, carbohydrate cluster, intercalator, minor groove
binder, cleaving agent, and cross-linking agent conjugate
molecules described in U.S. Patent Publication Nos.

20050119470 and 20050107325. Yet other examples include
the 2'-O-alkyl amine, 2'-B-alkoxyalkyl amine, polyamine,
C5-cationic modified pyrimidine, cationic peptide, guani-
dinium group, amidininium group, cationic amino acid con-
jugate molecules described in U.S. Patent Publication No.
20050153337. Additional examples include the hydrophobic
group, membraneactive compound,cell penetrating com-
pound, cell targeting signal, interaction modifier, and steric
stabilizer conjugate molecules described in U.S. Patent Pub-
lication No. 20040167090. Further examples include the con-
jugate molecules described in U.S. Patent Publication No.
20050239739. The type of conjugate used and the extent of
conjugation to the siRNA molecule can be evaluated for
improved pharmacokinetic profiles, bioavailability, and/or
stability ofthe siRNA while retaining RNAiactivity. As such,
one skilled in the art can screen siRNA molecules having
various conjugates attached thereto to identify ones having
improved properties and full RNAi activity using any of a
variety of well-known in vitro cell culture or in vivo animal 5
models. The disclosures of the above-described patent docu-
ments are herein incorporated by reference in their entirety
for all purposes.

d. Target Genes
The siRNA componentof the nucleic acid-lipid particles

described herein can be used to downregulate or silence the
translation (1.e., expression) of a gene of interest. Genes of
interest include, but are not limited to, genes associated with
viral infection and survival, genes associated with metabolic
diseases and disorders (e.g., liver diseases and disorders),
genes associated with tumorigenesis and cell transformation
(e.g., cancer), angiogenic genes, immunomodulator genes
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such as those associated with inflammatory and autoimmune
responses, ligand receptor genes, and genes associated with
neurodegeneralive disorders.

Genes associated with viral infection and survival include

those expressedbyavirus in orderto bind, enter, and replicate
in acell. Ofparticular interest are viral sequences associated
with chronic viral diseases. Viral sequences of particular
interest include sequencesofFiloviruses such as Ebola virus
and Marburg virus (see, e.g., Geisbert et al., J. Infect. Dis.,
193:1650-1657 (2006)); Arenaviruses such as Lassa virus,
Junin virus, Machupo virus, Guanarito virus, and Sabia virus
(Buchmeieret al., Arenaviridae: the viruses and their repli-
cation, In: FIELDs VIROLOGY, Knipeet al. (eds.), 4th ed., Lippincott-
Raven, Philadelphia, (2001)); Influenza viruses such as Influ-
enza A, B, and C viruses, (see, e.g., Steinhaueret al., Annu
Rev Genet., 36:305-332 (2002); and Neumannetal., J Gen
Virol., 83:2635-2662 (2002)); Hepatitis viruses (see, e.g.,
Hamasaki et al., FEBS Lett., 543:51 (2003); Yokota et al.,
EMBO Rep., 4:602 (2003); Schlomai et al., Hepatology,
37:764 (2003); Wilson et al., Proc. Natl. Acad. Sci. USA,
100:2783 (2003); Kapadia et al., Proc. Natl. Acad. Sci. USA,
100:2014 (2003); and Fre_ps ViroLocy, Knipeetal. (eds.), 4th
ed., Lippincott-Raven, Philadelphia (2001)); Human Immu-
nodeficiency Virus (HIV) (Banerjea et al., Mol. Ther., 8:62
(2003); Song et al., 2. Virol, 77:7174 (2003); Stephenson,
JAMA, 289:1494 (2003): Qin et al., Proc. Natl. Acad. Sci.
USA, 100:183 (2003)); Herpes viruses (Jia et al., J. Virol,
77:3301 (2003)); and Human Papilloma Viruses (HPV) (Hall
et al., J. Virol, 77:6066 (2003); Jiang et al., Oncogene,
21:6041 (2002)).

Exemplary Filovirus nucleic acid sequences that can be
silenced include, but are not limited to, nucleic acid
sequences encoding structural proteins (e.g., VP30, VP35,
nucleoprotein (NP), polymerase protein (L-pol)) and mem-
brane-associated proteins (e.g., VP40, glycoprotein (GP),
VP24). Complete genome sequences for Ebola virusare set
forth in, eg., Genbank Accession Nos. NC_002549;
AY769362; NC_.006432; NC_004161; AY729654,
AY354458; AY142960; AB050936;, AF522874; AF499101,
AF272001; and AF086833. Ebola virus VP24 sequences are
set forth in, e.g., Genbank Accession Nos. U77385 and
AY058897. Ebola virus L-pol sequencesaresetforth in, e.g.,
Genbank Accession No. X67110. Ebola virus VP40

sequences are set forth in, e.g., Genbank Accession No.
AY058896. Ebola virus NP sequencesare set forth in, e.g.,
Genbank Accession No. AYOQ58895. Ebola virus GP

sequences are set forth in, e.g., Genbank Accession No.
AY058898; Sanchez et al., Virus Res., 29:215-240 (1993);
Will et al., J. Virol, 67:1203-1210 (1993); Volchkev et al.,
FEBS Lett., 305:181-184 (1992); and U.S. Pat. No. 6,713,
069. Additional Ebola virus sequencesare set forth in, ¢.g.,
Genbank Accession Nos. L11365 and X61274. Complete
genome sequences for Marburg virus are set forth in, e.g.,
Genbank Accession Nos. NC_001608; AY430365;
AY430366; andAY358025. Marburg virus GP sequencesare
set forth in, e.g., Genbank Accession Nos. AF005734;
AF005733; and AF005732. Marburg virus VP35 sequences
are set forth in, e.g., Genbank Accession Nos. AF005731 and
AF005730. Additional Marburg virus sequencesareset forth
in, eg., Genbank Accession Nos. X64406; 229337;
AF005735; and 712132. Non-limiting examples of siRNA
molecules targeting Ebola virus and Marburg virus nucleic
acid sequences include those described in U.S. Patent Publi-
cation No. 20070135370, the disclosure of which is herein
incorporated by reference in its entirety for all purposes.

LExemplary Influenzavirus nucleic acid sequences that can
be silenced include, but are not limited to, nucleic acid
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sequences encoding nucleoprotein (NP), matrix proteins (M1
and M2), nonstructural proteins (NS1 and NS2), RNA poly-
merase (PA, PB1, PB2), neuraminidase (NA), and haemag-
glutinin (HA). Influenza A NP sequencesare set forth in,e.g.,
Genbank Accession Nos. NC_004522; AY818138;
AB166863; AB188817; AB189046; AB189054; AB189062;
AY646169; AY646177; AY651486; AY651493; AY651494;
AY651495; AY651496; AY651497; AY651498; AY651499;
AY651500; AY651501; AY651502; AY651503; AY651504;
AY651505; AY651506; AY651507; AY651509; AY651528;
AY770996; AY790308; AY818138; and AY818140. Influ-
enza A PA sequencesare set forthin, e.g., GenbankAccession
Nos. AY818132; AY790280; AY646171; AY818132;
AY818133; AY646179; AY818134; AY551934; AY651613;
AY651610; AY651620; AY651617; AY651600; AY651611;
AY651606; AY651618; AY651608; AY651607; AY651605;
AY651609; AY651615; AY651616; AY651640; AY651614;
AY651612; AY651621; AY651619; AY770995; and
AY724786. Non-limiting examples of siRNA moleculestar-
geting Influenza virus nucleic acid sequences include those
described in U.S. Patent Publication No. 20070218122, the
disclosure of which is herein incorporated byreference in its
entirety for all purposes.

Exemplary hepatitis virus nucleic acid sequences that can
be silenced include, but are not limited to, nucleic acid
sequencesinvolvedintranscription and translation (e.g., En],
En2, X, P) and nucleic acid sequences encoding structural
proteins (e.g., core proteins including C and C-related pro-
teins, capsid and envelope proteins including S, M, and/or L
proteins, or fragments thereof) (see, e.g., Freps ViroLocy,
supra). Exemplary Hepatitis C virus (HCV) nucleic acid
sequencesthat can be silenced include, but are not limitedto,
the 5'-untranslated region (5'-UTR), the 3'-untranslated
region (3'-UTR), the polyprotein translation initiation codon
region, the internal ribosomeentry site (IRES) sequence,
and/or nucleic acid sequences encodingthe core protein, the
E1 protein, the E2 protein, the p7 protein, the NS2protein, the
NS3protease/helicase, the NS4A protein, the NS4Bprotein,
the NS5A protein, and/or the NS5B RNA-dependent RNA
polymerase. HCV genome sequencesare set forth in, e.g.,
Genbank Accession Nos. NC__004102 (HCVgenotype1a),
AJ238799 (HCV genotype Ib), NC__009823 (HCV genotype
2), NC__009824 (HCV genotype 3), NC_009825 (HCV
genotype 4), NC_009826 (HCV genotype 5), and
NC_009827 (HCV genotype 6). Hepatitis A virus nucleic
acid sequencesare set forth in, e.g., Genbank Accession No.
NC__001489; Hepatitis B virus nucleic acid sequencesare set
forth in, e.g., GenbankAccession No. NC__003977; Hepatitis
D virus nucleic acid sequenceare set forth in, e.g., Genbank
Accession No. NC__001653; Hepatitis E virus nucleic acid
sequences are set forth in, e.g., Genbank Accession No.
NC_001434; and Hepatitis G virus nucleic acid sequences
are set forth in, e.g., Genbank Accession No. NC__001710.
Silencing of sequences that encode genes associated with
viral infection and survival can conveniently be used in com-
bination with the administration of conventional agents used
to treat the viral condition. Non-limiting examples of siRNA
molecules targeting hepatitis virus nucleic acid sequences
include those described in U.S. Patent Publication Nos.

20060281175, 20050058982, and 20070149470; U.S. Pat.
No. 7,348,314; and U.S. Provisional Application No. 61/162,
127, filed Mar. 20, 2009, the disclosures ofwhichare herein
incorporated by reference in their entirety for all purposes.

Genes associated with metabolic diseases and disorders

(e.g., disorders in whichtheliver is the target andliver dis-
eases and disorders) include, for example, genes expressed in
dyslipidemia (e.g., liver X receptors such as LXRa and
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LXRB (Genback Accession No. NM__007121), farnesoid X
receptors (FXR) (Genbank Accession No. NM__005123),
sterol-regulatory element binding protein (SREBP), site-1
protease (SIP), 3-hydroxy-3-methylglutary] coenzyme-A
reductase (HMG coenzyme-Areductase), apolipeprotein B
(ApoB) (Genbank Accession No. NM__000384), apolipopro-
tein CII] (ApoC3) (Genbank Accession Nos. NM__000040
and NG_008949 REGION:5001.8164), and apolipoprotein
E (Apok) (Genbank Accession Nos. NM_000041 and
NG_007084 REGION:5001.8612)); and diabetes(e.g., glu-
cose 6-phosphatase) (see, e.g., Formanet al., Cell, 81:687
(1995); Seol et al., Mol. Endocrinol., 9:72 (1995), Zavackiet
al., Proc. Natl. Acad. Sci. USA, 94:7909 (1997); Sakaiet al.,
Cell, 85:1037-1046 (1996); Duncan et al., J Biol. Chem.,
272:12778-12785 (1997); Willy et al., Genes Dev, 9:1033-
1045 (1995); Lehmann et al., 2. Biol. Chem., 272:3137-3140
(1997); Janowskiet al., Nature, 383:728-73 1 (1996); and Peet
et al., Cell, 93:693-704 (1998)). One of skill in the art will
appreciate that genes associated with metabolic diseases and
disorders (e.g., diseases and disorders in whichtheliver is a
target and liver discases and disorders) include genesthat are
expressed in the liveritself as well as and genes expressed in
other organs andtissues. Silencing of sequences that encode
genes associated with metabolic diseases and disorders can
conveniently be used in combination with the administration
of conventional agents usedto treat the disease or disorder.
Non-limiting examples of siRNA molecules targeting the
ApoB geneinclude those described in U.S. Patent Publication
No. 20060134189, the disclosure ofwhichis herein incorpo-
rated by referencein its entirety for all purposes. Non-limit-
ing examples of siRNA molecules targeting the ApoC3 gene
include those described in U.S. Provisional Application No.
61/147,235, filed Jan. 26, 2009, the disclosure of which is
herein incorporated by reference in its entiretyfor all pur-
poses.

Examples of gene sequences associated with tumorigen-
esis and cell transformation (e.g., cancer or other neoplasia)
include mitotic kinesins such as Eg5 (KSP, KIF11; Genbank
Accession No. NM__004523); serine/threonine kinases such
as polo-like kinase 1 (PLK-1) (Genbank Accession No.
NM__005030; Barr et al., Nat. Rev. Mol. Cell. Biol., 5:429-
440 (2004)); tyrosine kinases such as WEE! (Genbank
Accession Nos. NM_003390 and NM_001143976); inhibi-
tors of apoptosis such as XIAP (Genbank Accession No.
NM__001167); COP9 signalosome subunits such as CSN1,
CSN2, CSN3, CSN4, CSN5 (JAB 1; Genbank Accession No.
NM__006837); CSN6, CSN7A, CSN7B, and CSN8; ubiq-
uitin ligases such as COP1 (RFWD2; Genbank Accession
Nos. NM_022457 and NM_001001740); and histone
deacetylases such as HDAC1, HDAC2 (Genbank Accession
No. NM__001527), HDAC3, HDAC4, HDAC5, HDAC6,
HDAC7, HDAC8, HDACS,etc. Non-limiting examples of
siRNA molecules targeting the Eg5 and XIAP genes include
those described in U.S. patent application Ser. No. 11/807,
872, filed May 29, 2007, the disclosure of which is herein
incorporated by reference in its entirety for all purposes.
Non-limiting examples of siRNA molecules targeting the
PLK-1 gene include those described in U.S. Patent Publica-
tion Nos. 20050107316 and 20070265438; and U.S. patent
application Ser. No. 12/343,342, filed Dec. 23, 2008, the
disclosures of whichare herein incorporated byreference in
their entirety for all purposes. Non-limiting examples of
siRNA molecules targeting the CSN5 gene include those
described in U.S. Provisional Application No. 61/045,251,
filed Apr. 15, 2008, the disclosure of whichis herein incor-
porated by reference inits entirety for all purposes.
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Additional examples of gene sequences associated. with
tumorigenesis and cell transformation include translocation
sequences such as MLL fusion genes, BCR-ABL (Wilda et
al., Oncogene, 21:5716 (2002); Scherr etal., Blood, 101:1566
(2003)), TEL-AML1, EWS-FLI1. TLS-FUS, PAX3-FKHR,
BCL-2, AML1-ETO, andAML1-MTG8(Heidenreich ctal.,
Blood, 101:3157 (2003)); overexpressed sequences such as
multidrug resistance genes (Nieth et al., FEBS Fett., 545:144
(2003); Wuet al, Cancer Res. 63:1515 (2003)), cyclins (Li et
al., Cancer Res., 63:3593 (2003); Zou et al., Genes Dev,
16:2923 (2002)), beta-catenin (Vermaet al., Clin Cancer
Res., 9:1291 (2003)), telomerase genes (Kosciolek et al.,Mol
Cancer Ther. 2:209 (2003)), c-MYC, N-MYC, BCL-2,
growth factor receptors (e.g., EGFR/ErbB1 (GenbankAcces-
sion Nos. NM__.005228, NM__201282, NM__201283, and
NM_201284;see also, Nagy et al. Exp. Cell Res., 285:39-49
(2003), ErbB2/HER-2 (Genbank Accession Nos.
NM_004448 and NM_001005862), ErbB3 (Genbank
Accession Nos. NM_001982 and NM_001005915), and
LErbB4 (Genbank Accession Nos. NM_005235 and
NM_001042599); and mutated sequences such as RAS(re-
viewed in Tuschl and Borkhardt, Mol. Interventions, 2:158
(2002)). Non-limiting examples of siRNA molecules target-
ing the EGFR gene include those described in U-S. patent
application Ser. No. 11/807,872, filed May 29, 2007, the
disclosure of which is herein incorporated by referencein its
entiretyfor all purposes.

Silencing of sequences that encode DNA repair enzymes
find use in combination with the administration of chemo-

therapeutic agents (Collis et al., Cancer Res., 63:1550
(2003)). Genes encoding proteins associated with tumor
migration are also target sequencesof interest, for example,
integrins, selectins, and metalloproteinases. The foregoing
examples are not exclusive. Those of skill in the art will
understand that any whole or partial gene sequencethatfacili-
tates or promotes tumorigenesis orcell transformation, tumer
growth, or tumor migration can be included as a template
sequence.

Angiogenic genesare able to promote the formation ofnew
vessels. Of particular interest is vascular endothelial growth
factor (VEGF) (Reich et al., Mo/. Vis., 9:210 (2003)) or
VEGER.siRNAsequencesthat targetVEGEFRaresetforth in,
e.g., GB 2396864; US. Patent Publication No. 20040142895;
and CA 2456444, the disclosures of which are herein incor-
porated by reference in their entirety for all purposes.

Anti-angiogenic genes are able to inhibit neovasculariza-
tion. These genes are particularly useful for treating those
cancers in which angiogenesis plays a role in the pathological
development of the disease. Examples of anti-angiogenic
genes include, but are not limited to, endostatin (see, e.g.,
USS. Pat. No. 6,174,861), angiostatin (see, e.g., U.S. Pat. No.
5,639,725), and VEGFR2 (see, e.g., Decaussin et al., /
Pathol., 188: 369-377 (1999)), the disclosures of which are
herein incorporated by reference in their entirety for all pur-
poses.

Immunomodulator genes are genes that modulate one or
more immune responses. Examples of immunomedulator
genes include, without limitation, cytokines such as growth
factors (e.g.,TGF-a, TGF-LB, EGF, FGF, IGF, NGF, PDGF,
CGF, GM-CSF, SCF, etc.), interleukins (e.g., IL-2, IL-4,
IL-12 (Hill et al., 2. Jmmunol., 171:691 (2003)), IL-15, IL-18,
IL-20, etc.), interferons(e.g., IFN-a, IFN-p, IFN~y, etc.) and
TNF.Fas and Fas ligand genes are also immunomodulater
target sequences of interest (Song et al., Nat. Med., 9:347
(2003)). Genes encoding secondary signaling molecules in
hematopoietic and lymphoid cells are also included in the
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present invention, for example, Tec family kinases such as
Bruton’s tyrosine kinase (Btk) (Heinonenet al., FEBS Lett,
527:274 (2002)).

Cell receptorligands include ligandsthat are able to bind to
cell surface receptors (e.g., insulin receptor, EPO receptor,
G-protein coupled receptors, receptors with tyrosine kinase
activity, cytokine receptors, growth factor receptors, etc.), to
modulate (e.g., inhibit, activate, etc.) the physiological path-
waythat the receptoris involvedin (e.g., glucose level modu-
lation, blood cell development, mitogenesis,etc.). Examples
of cell receptor ligands include, but are not limited to, cytok-
ines, growthfactors, interleukins, interferons, erythropoietin
(EPO), insulin, glucagon, G-protcin coupled receptor
ligands, etc. Templates coding for an expansion oftrinucle-
otide repeats (e.g., CAG repeats) find use in silencing patho-
genic sequencesin neurodegenerative disorders caused by the
expansion of trinucleotide repeats, such as spinobulbular
muscular atrophy and Huntington’s Disease (Caplen etal.,
Hum. Mol. Genet., 11:175 (2002)).

In addition to its utility in silencing the expression ofany of
the above-described genes for therapeutic purposes, the
siRNAdescribed herein are also usefulin research and devel-

opment applications as well as diagnostic, prophylactic,
prognostic, clinical, and other healthcare applications. As a
non-limiting example, the siRNA can be used in target vali-
dation studies directed at testing whether a gene of interest
has the potential to be a therapeutic target. The siRNA can
also be used in target identification studies aimedat discov-
ering genes as potential therapeutic targets.

2. aiRNA

Like siRNA, asymmetrical interfering RNA (aiRNA) can
recruit theRNA-induced silencing complex (RISC) and lead
to effective silencing ofa variety ofgenes in mammaliancells
by mediating sequence-specific cleavage of the target
sequence between nucleotide 10 and 11 relative to the 5' end
of the antisense strand (Sunet al., Nat. Biotech., 26:1379-
1382 (2008)). Typically, an aiRNA molecule comprises a
short RNA duplex having a sense strand and an antisense
strand, wherein the duplex contains overhangsat the 3' and 5'
ends of the antisense strand. The aiRNA is generally asym-
metric becausethe sense strand is shorter on both ends when

compared to the complementary antisense strand. In some
aspects, aiRNA molecules may be designed, synthesized, and
annealed under conditions similar to those used for siRNA

molecules. As a non-limiting example, aiRNA sequences
may be selected and generated using the methods described
above for selecting siRNA sequences.

In another embodiment, aiRNA duplexes of various
lengths (e.g., about 10-25, 12-20, 12-19, 12-18, 13-17, or
14-17 base pairs, more typically 12, 13, 14, 15, 16, 17, 18, 19,
or base pairs) maybe designed with overhangsat the 3' and 5'
ends of the antisense strand to target an mRNAofinterest. In
certain instances, the sense strand of the aiRNA molecule is
about 10-25, 12-20, 12-19, 12-18, 13-17, or 14-17 nucle-
otides in length, more typically 12, 13, 14, 15, 16, 17, 18, 19,
or 20 nucleotides in length. In certain other instances, the
antisense strand of the aiRNA molecule is about 15-60,

15-50, or 15-40 nucleotides in length, more typically about
15-30, 15-25, or 19-25 nucleotides in length,and is preferably
about 20-24, 21-22, or 21-23 nucleotides in length.

In some embodiments, the 5' antisense overhang contains
one, two, three, four, or more nontargeting nucleotides(e.g.,
“AA”, “UU”, “dTdT”, etc.). In other embodiments, the 3'
antisense overhang contains one, two, three, four, or more
nontargeting nucleotides (e.g., “AA”, “UU”, “dTdT”’,etc.). In
certain aspects, the aiRNA molecules described herein may
comprise one or more modified nucleotides, e.g., in the
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double-stranded (duplex) region and/orin the antisense over-
hangs. As a non-limiting example, aiRNA sequences may
comprise one or more of the modified nucleotides described
above for siRNA sequences. In a preferred embodiment, the
aiRNA molecule comprises 2'OMenucleotides such as, for
example, 2'OMe-guanosine nucleotides, 2'QMe-uridine
nucleotides, or mixtures thereof.

In certain embodiments, aiRNA molecules may comprise
an antisense strand which correspondsto the antisense strand
of an siRNA molecule, e.g., one of the siRNA molecules
described herein. In other embodiments, aiRNA molecules
may be used to silence the expression of any of the target
genes set forth above, such as, ¢.g., genes associated with
viral infection and survival, genes associated with metabolic
diseases and disorders, genes associated with tumorigenesis
and cell transformation, angiogenic genes, immunomodula-
tor genes such as those associated with inflammatory and
autoimmune responses, ligand receptor genes, and genes
associated with neurodegenerative disorders.

3. miRNA

Generally, microRNAs (miRNA)are single-stranded RNA
molecules of about 21-23 nucleotides in length which regu-
late gene expression. miRNAs are encoded by genes from
whose DNAtheyare transcribed, but miRNAsare nottrans-
lated into protein (non-coding RNA), instead, each primary
transcript (a pri-miRNA)is processed into a short stem-loop
structure called a pre-miRNA andfinally into a functional
mature miRNA. Mature miRNA molecules are either par-
tially or completely complementary to one or more messen-
ger RNA (mRNA) molecules, and their main functionis to
downregulate gene expression. The identification of miRNA
molecules is described, e.g., in Lagos-Quintana et al., Sci-
ence, 294:853-858; Lau et al., Science, 294:858-862; and Lee
et al., Science, 294:862-864.

The genes encoding miRNA are much longer than the
processed mature miRNA molecule. miRNA are first tran-
scribed as primarytranscripts or pri-miRNA with a cap and
poly-Atail and processed to short, ~70-nucleotide stem-loop
structures known as pre-miRNA inthe cell nucleus. This
processing is performed in animals by a protein complex
known as the Microprocessor complex, consisting of the
nuclease Drosha and the double-stranded RNA bindingpro-
tein Pasha (Denli et al., Nature, 432:231-235 (2004)). These
pre-miRNAare then processed to mature miRNAinthe cyto-
plasm by interaction with the endonuclease Dicer, which also
initiates the formation of the RNA-induced silencing com-
plex (RISC) (Bernstein et al., Nature, 409:363-366 (2001).
Either the sense strand or antisense strand of DNA can func-

tion as templates to give rise to miRNA.
When Dicer cleaves the pre-miRNA stem-loop, two

complementary short RNA molecules are formed, but only
one is integrated into the RISC complex. This strand is known
as the guide strand andis selected bythe argonaute protein,
the catalytically active RNase in the RISC complex, on the
basis of the stability of the 5' end (Preall et al., Curr Biol,
16:530-535 (2006)). The remaining strand, known as the
anti-guide or passenger strand, is degraded as a RISC com-
plex substrate (Gregory et al., Cell, 123:631-640 (2005)).
After integration into the active RISC complex, miRNAsbase
pair with their complementary mRNA molecules and induce
target mRNAdegradation and/or translational silencing.

Mammalian miRNA molecules are usually complemen-
tary to a site in the 3' UTRofthe target mRNA sequence. In
certain instances, the annealing of the miRNA to the target
mRNAinhibits protein translation by blocking the protein
translation machinery. In certain other instances, the anneal-
ing ofthe miRNAto the target mRNAfacilitates the cleavage
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and degradation ofthe target mRNA throughaprocess similar
to RNAinterference (RNAi). miRNA mayalso target methy-
lation of genomicsites which correspondto targeted mRNA.
Generally, miRNA function in association with a comple-
mentofproteins collectively termed the miRNP.

In certain aspects, the miRNA molecules described herein
are about 15-100, 15-90, 15-80, 15-75, 15-70, 15-60, 15-50,
or 15-40 nucleotides in length, more typically about 15-30,
15-25, or 19-25 nucleotides in length, and are preterably
about 20-24, 21-22, or 21-23 nucleotides in length. In certain
other aspects, miRNA molecules may comprise one or more
modified nucleotides. As a non-limiting example, miRNA
sequences may comprise one or more of the modified nucle-
otides described above for siRNA sequences. In a preferred
embodiment, the miRNA molecule comprises 2'OMenucle-
otides such as, for example, 2'0Me-guanosine nucleotides,
2'OMe-uridine nucleotides, or mixtures thereof.

In some enrbodiments, miRNA molecules may be used to
silence the expression of any ofthe target genes set forth
above, such as, e.g., genes associated withviral infection and
survival, genes associated with metabolic diseases and disor-
ders, genes associated with tumorigenesis and cell transfor-
mation, angiogenic genes, immunomodulator genes such as
those associated with inflammatory and autoimmune
responses, ligand receptor genes, and genes associated with
neurodegenerative disorders.

In other embodiments, one or more agents that block the
activity of a miRNA targeting an mRNA ofinterest are
administered using a lipid particle of the invention(e.g., a
nucleic acid-lipid particle). Examples of blocking agents
include, but are not limited to, steric blocking oligonucle-
otides, locked nucleic acid oligonucleotides, and Morpholino
oligonucleotides. Such blocking agents may bind directly to
themiRNAorto the miRNAbindingsite on the target mRNA.

4. Antisense Oligonucleotides
Tn one embodiment, the nucleic acid is an antisense oligo-

nucleotide directed to a target gene or sequence ofinterest.
The terms “antisense oligonucleotide”or “antisense” include
oligonucleotides that are complementary to a targeted poly-
nucleotide sequence. Antisense oligonucleotides are single
strands of DNA or RNAthat are complementary to a chosen
sequence. Antisense RNA oligonucleotides preventthe trans-
lation ofcomplementary RNAstrandsby binding to the RNA.
Antisense DNAoligonucleotides can be used to target a spe-
citic, complementary (coding or non-coding) RNA.If bind-
ing occurs, this DNA/RNA hybrid can be degraded by the
enzyme RNaseH.In a particular embodiment, antisense oli-
gonucleotides comprise from about 10 to about 60 nucle-
otides, more preferably from about 15 to about 30 nucle-
otides. The term also encompasses antisense
oligonucleotides that may not be exactly complementary to
the desired target gene. Thus, the invention can beutilized in
instances where non-target specific-activities are found with
antisense, or where an antisense sequence containing one or
more mismatches with the target sequence is the most pre-
ferred for a particular use.

Antisense oligonucleotides have been demonstrated to be
effective and targeted inhibitors of protein synthesis, and,
consequently, can be used to specifically inhibit protein syn-
thesis by a targeted gene. The efficacy of antisense oligo-
nucleotides for inhibiting protein synthesis is well estab-
lished. For example, the synthesis ofpolygalactauronase and
the muscarine type 2 acetylcholine receptor are inhibited by
antisense oligonucleotides directed to their respective MRNA
sequences (see, U.S. Pat. Nos. 5,739,119 and 5,759,829).
lurthermore, examples of antisense inhibition have been
demonstrated with the nuclear protein cyclin, the multiple
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drug resistance gene (MDR1), ICAM-1, E-selectin, STK-1,
striatal GABAAreceptor, and human EGF(see, Jaskulski et
al., Science, 240:1544-6 (1988); Vasanthakumaret al., Can-
cer Commun., 1:225-32 (1989); Peris et al., Brain Res Mol
Brain Res., 15; 57:310-20 (1998); and U.S. Pat. Nos. 5,801,
154; 5,789,573; 5,718,709 and 5,610,288). Moreover, anti-
sense constructs have also been described that inhibit and can

be usedto treat a variety of abnormalcellular proliferations,
e.g., cancer (see, U.S. Pat. Nos. 5,747,470; 5,591,317; and
5,783,683). The disclosures of these references are herein
incorporated by reference in their entirety for all purposes.

Methods of producing antisense oligonucleotides are
knownin the art and can be readily adapted to produce an
antisense oligonucleotide that targets any polynucleotide
sequence. Selection of antisense oligonucleotide sequences
specific for a given target sequence is based upon analysis of
the chosen target sequence and determination of secondary
structure, T,,,, binding energy, and relative stability. Antisense
oligonucleotides may be selected based upontheir relative
inability to form dimers, hairpins, or other secondary struc-
tures that would reduce or prohibit specific binding to the
target mRNAina hostcell. Highly preferred target regions of
the mRNAinclude those regionsat or near the AUGtransla-
tion initiation codon and those sequences that are substan-
tially complementary to 5’ regions of the mRNA. These sec-
ondary structure analyses and target site selection
considerations can be performed, for example, using v.4 of
the OLIGO primer analysis software (Molecular Biology
Insights) and/or the BLASTN2.0.5 algorithm software (Alts-
chulet al., Nucleic Acids Res., 25:3389-402 (1997)).

5. Ribozymes
According to another embodimentofthe invention, nucleic

acid-lipid particles are associated with ribozymes.
Ribozymes are RNA-protein complexes having specific cata-
lytic domainsthat possess endonucleaseactivity (see, Kim et
al., Proc. Natl. Acad. Sci. USA., 84:8788-92 (1987); and
Forster et al., Ce//, 49:211-20 (1987)). For example, a large
numberof ribozymesaccelerate phosphoester transfer reac-
tions with a high degree ofspecificity, often cleaving only one
of several phosphoestersin an oligonucleotide substrate (see,
Cech et al., Cell, 27:487-96 (1981); Michel et al., 4 Mol.
Biol., 216:585-610 (1990); Reinhold-Hurek et al., Nature,
357:173-6 (1992)). This specificity has been attributed to the
requirementthat the substrate bind via specific base-pairing
interactions to the internal guide sequence (“IGS”) of the
ribozymeprior to chemicalreaction.

At least six basic varieties of naturally-occurring enzy-
matic RNA molecules are knownpresently. Each can catalyze
the hydrolysis of RNA phosphodiester bonds in trans (and
thus can cleave other RNA molecules) under physiological
conditions. In general, enzymatic nucleic acids act by first
binding to a target RNA. Such binding occurs through the
target binding portion of an enzymatic nucleic acid which is
held in close proximity to an enzymatic portion of the mol-
ecule that acts to cleave the target RNA. Thus, the enzymatic 5
nucleic acid first recognizes and then binds a target RNA
through complementary base-pairing, and once bound to the
correctsite, acts enzymatically to cut the target RNA.Strate-
gic cleavage of such a target RNA will destroy its ability to
direct synthesis of an encoded protein. After an enzymatic
nucleic acid has bound and cleaved its RNA target, it is
released from that RNAto search for another target and can
repeatedly bind and cleave newtargets.

The enzymatic nucleic acid molecule may be formed in a
hammerhead, hairpin, hepatitis 6 virus, group | intron or
RNaseP RNA (in association with an RNA guide sequence),
or Neurospora VS RNA motif, for example. Specific
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examples of hammerhead motifs are described in, e.g., Rossi
et al., Nucleic Acids Res., 20:4559-65 (1992). Examples of
hairpin motifs are described in, ¢.g., EP 0360257, Hampel et
al., Biochemistry, 28:4929-33 (1989); Hampelet al., Nucleic
Acids Res., 18:299-304 (1990); and U.S. Pat. No. 5,631,359.
Anexample ofthe hepatitis 6 virus motif is describedin,e.g.,
Perrotta et al., Biochemistry, 31:11843-52 (1992). An
example of the RNaseP motifis described in, e.g., Guerrier-
Takada et al., Cell, 35:849-57 (1983). Examples of the New-
rospora VS RNA ribozyme motif is describedin, e.g., Saville
etal., Cell, 61:685-96 (1990); Saville et al., Proc. Natl. Acad.
Sci. USA, 88:8826-30 (1991); Collins et al., Biochemistry,
32:2795-9 (1993). An example of the Group I intron is
described in, e.g., U.S. Pat. No. 4,987,071. Important char-
acteristics of enzymatic nucleic acid molecules used accord-
ing to the invention are that they have a specific substrate
binding site which is complementary to one or more of the
target gene DNA or RNAregions, and that they have nucle-
otide sequences within or surrounding that substrate binding
site which impart an RNAcleaving activity to the molecule.
Thus, the ribozyme constructs need not be limited to specific
motifs mentioned herein. The disclosures ofthese references

are herein incorporated by reference in their entirety for all
purposes.

Methods of producing a ribozyme targeted to any poly-
nucleotide sequence are knownin the art. Ribozymes maybe
designed as described in, e.g., PCT Publication Nos. WO
93/23569 and WO 94/02595, and synthesized to be tested in
vitro and/or in vivo as described therein. The disclosures of

these PCTpublications are herein incorporated by reference
in their entirety for all purposes.

Ribozymeactivity can be optimized by altering the length
of the ribozyme binding arms or chemically synthesizing
ribozymes with modifications that prevent their degradation
by serum ribonucleases (see, e.g., PCT Publication Nos.WO
92/07065, WO 93/15187, WO 91/03162, and WO 94/13688;
EP 92110298.4: and US. Pat. No. 5,334,711, which describe
various chemical modifications that can be made to the sugar
moieties of enzymatic RNA molecules, the disclosures of
which are each herein incorporated by reference in their
entirety for all purposes), modifications which enhance their
efficacy in cells, and removal ofstem II bases to shorten RNA
synthesis times and reduce chemical requirements.

6. Immunostimulatory Oligonucleotides
Nucleic acids associated with lipid particles of the present

invention may be immunostinulatory, including immuno-
stimulatory oligonucleotides (ISS; single- or double-
stranded) capable of inducing an immune response when
administered to a subject, which may be a mammal such as a
human.ISS include, e.g., certain palindromes leading to hair-
pin secondarystructures (see, Yamamotoet al., J. Immunol.,
148:4072-6 (1992)), or CpG motifs, as well as other known
ISS features (such as multi-G domains; see; PCT Publication
No. WO 96/11266, the disclosure ofwhich is herein incorpo-
rated by referencein its entirety for all purposes).

Immunostimulatory nucleic acids are considered to be
non-sequence specific whenit is not required that they spe-
cifically bind to and reduce the expression of a target
sequence in order to provoke an immune response. Thus,
certain immunostimulatory nucleic acids may comprise a
sequence correspondingto a region of a naturally-occurring
gene or mRNA, but they may still be considered non-se-
quence specific immunostimulatory nucleic acids.

In one embodiment, the immunostimulatory nucleic acid
or oligonucleotide comprises at least one CpG dinucleotide.
The oligonucleotide or CpG dinucleotide may be unmethy-
lated or methylated. In another embodiment, the immuno-
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stimulatory nucleic acid comprisesat least one CpG dinucle-
otide having a methylated cytosine. In one embodiment, the
nucleic acid comprises a single CpG dinucleotide, wherein
the cytosine in the CpG dinucleotide is methylated. In an
alternative embodiment, the nucleic acid comprises at least
two CpGdinucleotides, wherein at least one cytosine in the
CpG dinucleotides is methylated. In a further embodiment,
each cytosine in the CpG dinucleotides present in the
sequence is methylated. In another embodiment, the nucleic
acid comprises a plurality of CpG dinucleotides, wherein at
least one of the CpG dinucleotides comprises a methylated
cytosine. Examples of immunostimulatory oligonucleotides
suitable for use in the compositions and methods of the
present invention are described in PCT Application No. PCT/
US08/88676, filed Dec. 31, 2008, PCT Publication Nos. WO
02/069369 and WO 01/15726, U.S. Pat. No. 6,406,705, and
Raneyetal., J. Pharm. Exper. Ther, 298:1185-92 (2001), the
disclosures of which are each herein incorporated by refer-
ence in their entirety for all purposes. In certain embodi-
ments, the oligonucleotides used in the compositions and
methods ofthe invention have a phosphodiester (“PO”) back-
boneor a phosphorothioate (“PS”) backbone, and/or atleast
one methylated cytosine residue in a CpG motif.

B. Other Active Agents
In certain embodiments, the active agent associated with

the lipid particles of the invention may comprise one or more
therapeutic proteins, polypeptides, or small organic mol-
ecules or compounds. Non-limiting examples of such thera-
peutically effective agents or drugs include oncology drugs
(e.g., chemotherapy drugs, hormonal therapeutic agents,
immunotherapeutic agents, radiotherapeutic agents, etc.),
lipid-lowering agents, anti-viral drugs, anti-inflammatory
compounds,antidepressants,stimulants, analgesics, antibiot-
ics, birth control medication, antipyretics, vasodilators, anti-
angiogenics, cytovascular agents, signal transduction inhibi-
tors, cardiovascular drugs such as anti-arrhythmic agents,
hormones, vasoconstrictors, and steroids. These active agents
may be administered alonein thelipid particles of the inven-
tion, or in combination(e.g., co-administered) withlipid par-
ticles of the invention comprising nucleic acid suchas inter-
fering RNA.

Non-limiting examples of chemotherapy drugs include
platinum-based drugs (e.g., oxaliplatin, cisplatin, carbop]-
atin, spiroplatin, iproplatin, satraplatin, etc.), alkylating
agents (e.g., cyclophosphamide, ifosfamide, chlorambucil,
busulfan, melphalan, mechlorethamine, uramustine,
thiotepa, nitrosoureas, etc.), anti-metabolites(e.g., 5-fluorou-
racil (5-FU), azathioprine, methotrexate, leucovorin, capecit-
abine, cytarabine, floxuridine, fludarabine, gemcitabine,
pemetrexed, raltitrexed, etc.), plant alkaloids (e.g., vincris-
tine, vinblastine, vinorelbine, vindesine, podophyllotoxin,
paclitaxel (taxol), docetaxel, etc.), topoisomerase inhibitors
(e.g., irinotecan (CPT-11; Camptosar), topotecan, amsacrine,
etoposide (VP16), etoposide phosphate, teniposide, etc.),
antitumor antibiotics (e.g., doxorubicin, adriamycin, dauno-
rubicin, epirubicin, actinomycin, bleomycin, mitomycin,
mitoxantrone, plicamycin, etc.), tyrosine kinase inhibitors
(e.g., gefitinib (Iressa®), sunitinib (Sutent®; 8U11248), erlo-
tinib (Tarceva®; OSI]-1774), lapatinib (GW572016;
GW2016), canertinib (CI 1033), semaxinib (SU5416), vata-
lanib (PTK787/ZK222584), sorafenib (BAY 43-9006), ima-
tinib (Gleevec®; STI571), dasatinib (BMS-354825), lefluno-
mide (SU101), vandetanib (Zactima™; ZD6474), etc.),
pharmaceutically acceptable salts thereof, stereoisomers
thereof, derivatives thereof, analogs thereof, and combina-
tions thereof.
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Examples of conventional hormonal therapeutic agents
include, without limitation, steroids (e.g., dexamethasone),
finasteride, aromatase inhibitors, tamoxifen, and goserelin as
well as other gonadotropin-releasing hormone agonists
(GnRH).

Examples of conventional immunothcrapeutic agents
include, but are notlimitedto, immunostimulants (e.g., Bacil-
lus Calmette-Guérin (BCG), levamisole, interleukin-2,
alpha-interferon, etc.), monoclonal antibodies (e.g., anti-
CD20, anti-HER2, anti-CD52, anti-HLA-DR, and anti-
VEGF monoclonal antibodies), immunotoxins (e.g., anti-
CD33 monoclonal antibody-calicheamicin conjugate, anti-
CD22 monoclonal antibody-pseudomonas exotoxin
conjugate, etc.), and radioimmunotherapy (e.g., anti-CD20
monoclonal antibody conjugated to '''In, ”’Y, or '*"I,etc.).

Examples ofconventional radiotherapeutic agents include,
but are not limited to, radionuclides such as *”7Se, “Cu, °’Cu,
257 Boy ary oor LOSRh, Lag, 1p Lm 149m,
3.8m, '°°Ho, '7’Lu, |*°Re, '**Re, 7!’ At, and *'7Bi, option-
ally conjugated to antibodies directed against tumorantigens.

Additional oncology drugs that may be used according to
the invention include, but are not limited to, alkeran, allopu-
rinol, altretamine, amifostine, anastrozole, araC, arsenictri-
oxide, bexarotene, biCNU, carmustine, CCNU, celecoxib,
cladribine, cyclosporin A, cytosine arabinoside, cytoxan,
dexrazoxane, DTIC, estramustine, exemestane, FK506, gem-
tuzumab-ozogamicin, hydrea, hydroxyurea, idarubicin, inter-
feron, letrozole, leustatin, leuprolide, litretinoin, megastrol,
L-PAM, mesna, methoxsalen, mithramycin, nitrogen mus-
tard, pamidronate, Pegademase, pentostatin, porfimer
sodium, prednisone, rituxan, streptozocin, ST1-571, taxotere,
temozolamide, VM-26, toremifene, tretinoin, ATRA, valru-

bicin, and velban. Other examples ofoncology drugs that may
be used according to the inventionare ellipticinandellipticin
analogs or derivatives, epothilones, intracellular kinase
inhibitors, and camptothecins.

Non-limiting examples of lipid-lowering agents fortreat-
ing a lipid disease or disorder associated with elevated trig-
lycerides, cholesterol, and/or glucose includestatins, fibrates,
ezetimibe, thiazolidinediones, niacin, beta-blockers, nitro-

glycerin, calcium antagonists, fish oil, and mixtures thereof.
Examplesofanti-viral drugs include, but are not limited to,

abacavir, aciclovir, acyclovir, adefovir, amantadine,
amprenavir, arbidol, atazanavir, atripla, cidofovir, combivir,
darunavir, delavirdine, didanosine, docosanol, edoxudine,
efavirenz, emtricitabine, enfuvirtide, entecavir, entry inhibi-
tors, famciclovir, fixed dose combinations, fomivirsen, fos-
amprenavir, foscarnet, fosfonet, fusion inhibitors, ganciclo-
vir, ibacitabine, immunovir, idoxuridine, imiquimod,
indinavir, inosine, integrase inhibitors, interferon type III
(e.g., IFN-molecules such as IFN-A1, IFN-A2, and IFN-A3),
interferon typeII (e.g., IFN-y), interferon type I (e.g., IFN-a
such as PEGylated IFN-a, IFN-B, IFN-K, IFN-5, IFN-e, IFN-
t, IFN-«, and IFN-6), interferon, lamivudine, lopinavir, lov-
iride, MK-0518, maraviroc, moroxydine, nelfinavir, nevirap-
ine, nexavir, nucleoside analogues, oseltamivir, penciclovir,
peramivir, pleconaril, podophyllotoxin, protease inhibitors,
reverse transcriptase inhibitors, ribavirin, rimantadine,
ritonavir, saquinavir, stavudine, synergistic enhancers, teno-
fovir, tenofovir disoproxil, tipranavir, trifluridine, trizivir, tro-
mantadine, truvada, valaciclovir, valganciclovir, vicriviroc,
vidarabine, viramidine, zalcitabine, zanamivir, zidovudine,
pharmaceutically acceptable salts thereof, stereoisomers
thereof, derivatives thereof, analogs thereof, and mixtures
thereof.

JA00198
GENV-00000198



JA00199

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 202 of 695 PageID #: 6993Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 202 of 695 PagelD #: 6993

US 8,822,668 B2
47

V. Lipid Particles
The lipid particles of the invention typically comprise an

aclive agent or therapeutic agent, a cationic lipid, a non-
cationic lipid, and a conjugatedlipidthat inhibits aggregation
ofparticles. In some embodiments, the active agent or thera-
peutic agentis fully encapsulated within the lipid portion of
the lipid particle such that the active agent or therapeutic
agent in the lipidparticle is resistant in aqueous solution to
enzymatic degradation, e.g., by a nuclease or protease. In
other embodiments, the lipid particles described herein are
substantially non-toxic to mammals such as humans. The
lipid particles ofthe inventiontypically have a mean diameter
of from about 40 nm to about 150 nm, from about 50 nm to
about 150 nm, from about 60 nm to about 130 nm,from about
70 nm to about 110 nm,or from about 70 to about 90 nm.

In preferred embodiments, the lipid particles of the inven-
tion are serum-stable nucleic acid-lipid particles (SNALP)
which comprise an interfering RNA (e.g., siRNA, aiRNA,
and/or miRNA), a cationic lipid (e.g., a cationic lipid of
Formulas I, I, and/or HI), a non-cationic lipid (e.g., choles-
terol alone or mixtures of one or more phospholipids and
cholesterol), and a conjugatedlipid that inhibits aggregation
ofthe particles (e.g., one or more PEG-lipid conjugates). The
SNALP maycomprise at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or
more unmodified and/or modified interfering RNA mol-
ecules. Nucleic acid-lipid particles and their method ofprepa-
ration are described in, e.g., U.S. Pat. Nos. 5,753,613; 5,785,
992: 5,705,385; 5,976,567; 5,981,501; 6,110,745; and 6,320,
017; and PCT Publication No. WO 96/40964, the disclosures
of which are each herein incorporated byreference in their
entirety for all purposes.

A. Cationic Lipids
Any ofa varietyof cationic lipids may be usedin thelipid

particles of the invention (e.g., SNALP), either alone or in
combination with one or more other cationic lipid species or
non-cationic lipid species.

Cationic lipids whichare useful in the present invention
can be any of a numberoflipid species which carry a net
positive charge at physiological pH. Suchlipids include, but
are not limited to, N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), 1,2-dioleyloxy-N,N-dimethylaminopro-
pane (DODMA), 1,2-distearyloxy-N,N-dimethylaminopro-
pane (DSDMA), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trim-
ethylammonium chloride (DOTMA), N,N-distearyl-N,N-
dimethylammonitum bromide (DDAB), N-(1-(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammonium—chloride
(DOTAP), 3-(N-—-(N',N'-dimethylaminoethane)-carbamoy])
cholesterol (DC-Chol), N-(1,2-dimyristyloxyprop-3-yl)-N,
N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE),
2,3-dioleyloxy-N-[2(spermine-carboxamido)ethyl]-N,N-
dimethyl-1-propanaminiumtrifluoroacetate (DOSPA), dic-
ctadecylamidoglycyl spermine (DOGS), 3-dimethylamino-
2-(cholest-5-en-3 -beta-oxybutan-4-oxy)-1-(cis,cis-9,12-
octadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-
3.beta.-oxy)-3'-oxapentoxy)-3-dimethyl-1 -(cis,cis-9',1-2'-
octadecadienoxy)propane (CpLinDMA), N,N-dimethyl-3,4-
dioleyloxybenzylamine (DMOBA), 1,2-N,N'-
dioleylcarbamyl-3-dimethylaminopropane (DOcarbDAP),
1,2-N,N'-Dilinoleylcarbamyl-3-dimethylaminopropane
(DLincarbDAP), 1,2-Dilinoleoylearbamyl-3-dimethylami-
nopropane (DLinCDAP), and mixtures thereof. A numberof
these lipids and related analogs have been described in U.S.
Patent Publication Nos. 20060083780 and 20060240554;
US. Pat. Nos. 5,208,036; 5,264,618: 5,279,833; 5,283,185;
5,753,613; and 5,785,992; and PCT Publication No. WO
96/10390, the disclosures of which are each herein incorpo-
rated by reference in their entirety for all purposes. Addition-
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ally, a number of commercial preparations of cationic lipids
are available and can be used in the present invention. These
include, e.g., LIPOFECTIN® (commercially available cat-
ionic liposomes comprising DOTMA and DOPE, from
GIBCO/BRL, Grand Island, N.Y., USA);  LIPO-
FECTAMINE® (commercially available cationic liposomes
comprising DOSPA and DOPE, trom GIBCO/BRL); and
TRANSFECTAM® (commercially available cationic lipo-
somes comprising DOGS from Promega Corp., Madison,
Wis., USA).

Additionally, cationic lipids of Formula I having the fol-
lowing structures are useful in the present invention.

RL

yONor
R? oR?

wherein R' and R? are independently selected and are H or
C,-C, alkyls, R* and R* are independently selected and are
alkyl groups having from about 10 to about 20 carbon
atoms, and atleast one of R* and R* comprisesat least two
sites of unsaturation. In certain instances, R*® and R* are
both the same, i.e., R* and R* are both linoleyl (C,g), ete. In
certain other instances, R? and R* aredifferent, i.e., R? is
tetradectrienyl (C, ,) and R*is linoleyl (C,,). Ina preferred
embodiment, the cationic lipid of Formula I is symmetri-
cal, i.e., R® and R* are both the same.In anotherpreferred
embodiment, both R* and R* compriseat least two sites of
unsaturation. In some embodiments, R? and R* are inde-
pendently selected from the group consisting of dodecadi-
enyl, tetradecadienyl, hexadecadieny], linoleyl, and icosa-
dienyl. In a preferred embodiment, R* and R* are both
linoley1. In some embodiments, R* and R* compriseatleast
three sites of unsaturation and are independently selected
from, e¢.g., dodecatrienyl, tetradectrienyl, hexadecatrienyl,
linolenyl, and icosatrienyl. In particularly preterred
embodiments, the cationic lipid of Formula 1is 1,2-dilino-
leyloxy-N,N-dimethylaminopropane (DLinDMA)or1,2-
dilinolenyloxy-N,N-dimethylaminopropane
(DLenDMA).
Furthermore, cationic lipids of Formula II having the fol-

lowing structures are useful in the present invention.

(i)
RY y-

Rin Nt R3
|

RA

wherein R' and R* are independently selected and are H or
C,-C,alkyls, R° and R* are independentlyselected and are
alkyl groups having from about 10 to about 20 carbon
atoms, and at least one of R? and R* comprisesat least two
sites of unsaturation. In certain instances, R* and R* are
both the same, i.e., R* and R*are both linoleyl (C, ), etc. In
certain other instances, R® and R* are different, i.e., R? is
tetradectrienyl (C , ,) and R*is linoleyl(C,,.). Ina preferred
embodiment,the cationic lipids ofthe present invention are
symmetrical, i.e., R* and R* are both the same.In another
preferred embodiment, both R* and R* comprise at least
twosites ofunsaturation. In some embodiments, R* and R*
are independently selected from the group consisting of
dodecadienyl, tetradecadienyl, hexadecadienyl, linoleyl,
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and icosadienyl. Ina preferred embodiment, R? and R* are
both linoleyl. In some embodiments, R® and R* comprise at
least three sites of unsaturation and are independently
selected from, e.g., dodecatrienyl, tetradectrienyl, hexade-
catrienyl, linolenyl, and icosatrienyl.
Moreover, cationic lipids of Formula III having the follow-

ing structures(orsalts thereof) are usefulin the present inven-
tion.

ai)

Wherein R' and R? are either the sameordifferent and inde-

pendently optionally substituted C,,-C,,, alkyl, optionally
substituted C,.-C,, alkenyl, optionally substituted C,,-
C,, alkynyl, or optionally substituted C, ,-C,, acyl; R* and
R* are cither the same or different and independently
optionally substituted C,-C, alkyl, optionally substituted
C,-C, alkenyl, or optionally substituted C,-C, alkynyl or
R° and R* mayjoin to form an optionally substituted het-
erocyclic ring of4 to 6 carbon atomsand1 or 2 heteroatoms
chosen from nitrogen and oxygen; R° is either absent or
hydrogen or C,-C, alkyl] to provide a quaternary amine; m,
n, and p are either the sameor different and independently
either 0 or 1 with the proviso that m, n, and p are not
simultaneously 0; q is 0, 1, 2,3, or 4; andY and Z are either
the sameordifferent and independently O, S, or NH.
In some embodiments, the cationic lipid of Formula III is

2,2-dilinoleyl-4-(2-dimethylaminoethy]1)-[1,3]-dioxolane
(DLin-K-C2-DMA; “XTC2”), 2,2-dilinoleyl-4-(3-dimethy-
laminopropyl)-[1,3]-dioxolane (DLin-K-C3-DMA),  2,2-
dilinoleyl-4-(4-dimethylaminobutyl)-[1,3]-dioxolane
(DLin-K-C4-DMA), 2,2-dilinoleyl-5-dimethylaminom-
ethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MP7Z), 2,2-dili-
noleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-
DMA), 1,2-dilinoleylcarbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP), 1,2-dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-
dilinoleyoxy-3-morpholinopropane (DLin-MA),—1,2-
dilinoleoyl-3-dimethylaminopropane (DLinDAP),=1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA),
1-linoleoy]-2-linoleyloxy-3-dimethylaminopropane (DLin-
2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMACl), 1,2-dilinoleoyl-3-trimethy-
laminopropane chloride salt (DLin-TAP.Cl), 1,2-dilinoley-
loxy-3-(N-methylpiperazino)propane (DLin-MP7Z), 3-(N,N-
dilinoleylamino)-1,2-propanediol (DLinAP), 3-(N,N-
dioleylamino)-1,2-propanedio (DOAP), 1,2-dilinoleyloxo-3-
(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA),
or mixtures thereof. In preferred embodiments, the cationic
lipid of Formula IT] is DLin-K-C2-DMA (XTC2).

The cationic lipid typically comprises from about 50 mol
%to about 90 mol %, from about 50 mol %to about 85 mol
%, from about 50 mol % to about 80 mol %, from about 50
mol %to about 75 mol %, from about 50 mol % to about 70
mol %, from about 50 mal % to about 65 mol %, or from about
55 mol %to about 65 mol %ofthe total lipid present in the
particle.

It will be readily apparent to one of skill in the art that
depending on the intended use of the particles, the propor-
tions of the components can be varied and the delivery effi-
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ciency of a particular formulation can be measured using,
e.g., an endosomalrelease parameter (ERP) assay.

B. Non-Cationic Lipids
The non-cationic lipids used in the lipid particles of the

invention (e.g., SNALP) can be any of a variety of neutral
uncharged, zwitterionic, or anionic lipids capable of produc-
ing a stable complex.

Non-limiting examples of non-cationic lipids include
phospholipids such as lecithin, phosphatidylethanolamine,
lysolecithin, lysophosphatidylethanolamine, phosphati-
dylserine, phosphatidylinositol, sphingomyelin, egg sphin-
gomyelin (ESM), cephalin, cardiolipin, phosphatidic acid,
cerebrosides, dicctylphosphate, distearoylphosphatidylcho-
line (DSPC), dioleoylphosphatidylcholine (DOPC), dipalmi-
toylphosphatidylcholine (DPPC), dioleoylphosphatidylglyc-
erol (DOPG), dipalmitoylphosphatidylglycerol (DPPG),
dioleoylphosphatidylethanolamine (DOPE), palmitoylo-
leoyl-phosphatidylcholine (POPC), palmitoyloleoyl-phos-
phatidylethanolamine (POPE), palmitoyloleyol-phosphati-
dylglycerol (POPG), dioleoylphosphatidylethanolamine
4-(N-maleimidomethyl)-cyclohexane-1-carboxylate
(DOPE-mal), dipalmitoyl-phosphatidylethanolamine
(DPPE), dimyristoyl-phosphatidylethanolamine (DMPE),
distearoyl-phosphatidylethanolamine (DSPE), monomethyl-
phosphatidylethanolamine, dimethyl-phosphatidylethanola-
mine,_—dielaidoyl-phosphatidylethanolamine§(DEPE),
stearoyloleoyl-phosphatidylethanolamine (SOPE),  lyso-
phosphatidylcholine, dilinoleoylphosphatidylcholine, and
mixtures thereof. Other diacylphosphatidylcholine and dia-
cylphosphatidylethanolamine phospholipids can also be
used. The acyl groups in these lipids are preferably acyl
groups derived from fatty acids having C, 9-C,, carbon
chains, e.g., lauroyl, myristoyl, palmitoyl, stearoyl, or oleoyl.

Additional examples of non-cationic lipids includesterols
such as cholesterol] and derivatives thereof such as

cholestanol, cholestanone, cholestenone, coprostanol, cho-
lestery]-2'-hydroxyethyl ether, cholestery]l-4'-hydroxybutyl
ether, and mixtures thereof.

In some embodiments, the non-cationic lipid present in the
lipid particles (e.g., SNALP) comprises or consists ofcholes-
terol or a derivative thereof, e.g., a phospholipid-free lipid
particle formulation. In other embediments, the non-cationic
lipid presentin the lipid particles (e.g., SNALP) comprises or
consists ofone or more phospholipids,e.g., a cholesterol-free
lipid particle formulation. In further embodiments, the non-
cationic lipid present in the lipid particles (e.g., SNALP)
comprises or consists of a mixture of one or more phospho-
lipids and cholesterolor a derivative thereof.

Other examples of non-cationic lipids suitable for use in
the present invention include nonphosphorous containinglip-
ids such as, e.g., stearylamine, dodecylamine, hexadecy-
lamine, acetyl palmitate, glycerolricinoleate, hexadecyl
stereate, isopropyl myristate, amphoteric acrylic polymers,
triethanolamine-laury] sulfate, alkyl-aryl sulfate polyethy-
loxylated fatty acid amides, dioctadecyldimethy! ammonium
bromide, ceramide, sphingomyelin, and the like.

In some embodiments, the non-cationic lipid comprises
from about 13 mol %to about 49.5 mol %, from about 20 mol
%to about 45 mol %, from about 25 mol %to about 45 mol
%, from about 30 mol %to about 45 mol %, from about 35
mol % to about 45 mol %, from about 20 mol % to about 40
mol %, from about 25 mol % to about 40 mol %,or from about
30 mol % to about 40 mol %ofthe total lipid present in the
particle.

In certain embodiments, the cholesterol present in phos-
pholipid-free lipid particles comprises from about 30 mol %
to about 45 mol %, from about 30 mol % to about 40 mol %,
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from about 35 mol % to about 45 mol %,or from about 35 mol
% to about 40 mol % ofthe total lipid presentin the particle.
As a non-limiting example, a phospholipid-free lipid particle
may comprise cholesterol at about 37 nol %ofthe total lipid
presentin the particle.

In certain other embodiments, the cholesterol present in
lipid particles containing a mixture ofphospholipid and cho-
lesterol comprises from about 30 mol %to about 40 mol %,
from about 30 mol % to about 35 mol %,or from about 35 mol

%to about 40 mol %ofthe total lipid present in theparticle.
As a non-limiting example, a lipid particle comprising a mix-
ture of phospholipid and cholesterol may comprise choles-
terol at about 34 mol %ofthe total lipid presentin theparticle.

In further embodiments, the cholesterol present in lipid
particles containing a mixture of phospholipid and choles-
terol comprises from about 10 mol % to about 30 mol %,from
about 15 mol %to about 25 mol %, or from about 17 mol %

to about 23 mol % ofthetotal lipid presentin the particle. As
a non-limiting example,a lipid particle comprising a mixture
ofphospholipid and cholesterol may comprise cholesterol at
about 20 mol % ofthe total lipid present in theparticle.

In embodiments wherethelipidparticles contain a mixture
of phospholipid and cholesterol or a cholesterol derivative,
the mixture may comprise up to about 40, 45, 50, 55, or 60
mol %ofthe total lipid present in the particle. In certain
instances, the phospholipid component in the mixture may
comprise from about 2 mol % to about 12 mol %, from about
4 mol %to about 10 mol %. from about 5 mol %to about 10
mol %, from about 5 mol % to about 9 mol %, or from about
6 mol % to about 8 mol % ofthe total lipid present in the
particle. As a non-limiting example,a lipid particle compris-
ing a mixture of phospholipid and cholesterol may comprise
a phospholipid such as DPPCor DSPCatabout 7 mol %(e.g.,
ina mixture with about 34 mol % cholesterol) ofthe total lipid
present in the particle. In certain other instances, the phos-
pholipid componentin the mixture may comprise from about
10 mol %to about 30 mol %, from about 15 mol %to about
25 mol %, or from about 17 mol % to about 23 mol % ofthe

total lipid present in the particle. As another non-limiting
example, a lipid particle comprising a mixture of phospho-
lipid and cholesterol may comprise a phospholipid such as
DPPC or DSPCat about 20 mol % (e.g., in a mixture with
about 20 mol %cholesterol) of the total lipid present in the
particle.

C. Lipid Conjugate
In addition to cationic and non-cationic lipids, the lipid

particles of the invention (e.g., SNALP) comprise a lipid
conjugate. The conjugated lipid is usefulin thatit prevents the
aggregation ofparticles. Suitable conjugated lipids include,
but are notlimited to, PEG-lipid conjugates, ATTA-lipid con-
jugates, cationic-polymer-lipid conjugates (CPLs), and mix-
tures thereof. In certain embodiments,the particles comprise
either a PEG-lipid conjugate or an ATTA-lipid conjugate 5
together with a CPL.

In a preferred embodiment, the lipid conjugate is a PEG-
lipid. Examples of PEG-lipids include, but are not limitedto,
PEGcoupled to dialkyloxypropyls (PEG-DAA)as described
in, e.g., PCT Publication No. WO 05/026372, PEG coupled to
diacylglycerol (PEG-DAG)as describedin, e.g., U.S. Patent
Publication Nos. 20030077829 and 2005008689, PEG
coupled to phospholipids such as phosphatidylethanolamine
(PEG-PE), PEG conjugated to ceramidesas described in,¢.g.,
USS. Pat. No. 5,885,613, PEG conjugated to cholesterol ora
derivative thereof, and mixtures thereof. The disclosures of

these patent documents are herein incorporated by reference
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in their entirety for all purposes. Additional PEG-lipids
include, without limitation, PEG-C-DOMG, 2KPEG-DMG,
and a mixture thereof,

PEGis a linear, water-soluble polymer of ethylene PEG
repeating units with two terminal hydroxyl groups. PEGsare
classified by their molecular weights; for example, PEG 2000
has an average molecular weight ofabout 2,000 daltons, and
PEG 5000 has an average molecular weight of about 5,000
daltons. PEGs are commercially available from Sigma
Chemical Co. and other companies and include, for example,
the following: monomethoxypolyethylene glycol (MePEG-
OR), monomethoxypolyethylene glycol-succinate (MePEG-
S), monomcthoxypolycthylene glycol-succinimidyl succi-
nate (MePEG-S—NHS), monomethoxypolyethylene glycol-
amine (MePEG-NH,), monomethoxypolyethylene glycol-
tresylate (MePEG-TRES), and monomethoxypolyethylene
glycol-inidazolyl-carbonyl (MePEG-IM). Other PEGs such
as those described in U.S. Pat. Nos. 6,774,180 and 7,053,150
(e.g., mPEG (20 KDa) amine) are also useful for preparing
the PEG-lipid conjugates of the present invention. The dis-
closures ofthese patents are herein incorporated by reference
in their entirety for all purposes. In addition, monomethoxy-
polyethyleneglycol-acetic acid (MePEG-CH,COOH)is par-
ticularly useful for preparing PEG-lipid conjugates includ-
ing, e.g., PEG-DAA conjugates.

The PEG moiety of the PEG-lipid conjugates described
herein may comprise an average molecular weight ranging
trom about 550 daltons to about 10,000 daltons. In certain
instances, the PEG moiety has an average molecular weight
of from about 750daltons to about 5,000daltons(e.g., from
about 1,000 daltons to about 5,000 daltons, from about 1,500
daltons to about 3,000 daltons, from about 750 daltons to
about 3,000 daltons, from about 750 daltons to about 2,000
daltons,etc.). In preferred embodiments, the PEG moiety has
an average molecular weight of about 2,000 daltons or about
750 daltons.

In certain instances, the PEG canbe optionally substituted
by an alkyl, alkoxy, acyl, or aryl group. The PEG can be
conjugated directly to the lipid or may be linked to the lipid
via a linker moiety. Any linker moiety suitable for coupling
the PEG to a lipid can be used including, e.g., non-ester
containing linker moieties and ester-containing linker moi-
eties. In a preferred embodiment, the linker moiety is a non-
ester containing linker moiety. As used herein, the term “non-
ester containing linker moiety”refers to a linker moiety that
does not contain a carboxylic ester bond (—OC(O)—). Suit-
able non-ester containing linker moieties include, but are not
limited to, amido (~-C(O)NH—-~), amino (-~NR-—-), carbonyl
( C(O) ), carbamate ( NHC(O)O_ ), urea( NHC(O)
NH—), disulphide (—S—S—), ether (—O—), succinyl
(—(O)CCH,CH,C(O)—),—succinamidyl (—NHC(O)
CH,CH,C(O)NH—),ether, disulphide, as well as combina-
tions thereof (such as a linker containing both a carbamate
linker moiety and an amido linker moiety). In a preferred
embodiment, a carbamate linker is used to couple the PEG to
the lipid.

In other embodiments, an ester containing linker moietyis
used to couple the PEGto the lipid. Suitable ester containing
linker moieties include, e.g., carbonate (—OC(O)O—),suc-
cinoyl, phosphate esters (—O—(O)POH—O—), sulfonate
esters, and combinationsthereof.

Phosphatidylethanolamines having a variety of acyl chain
groups ofvarying chain lengths and degrees of saturation can
be conjugated to PEG to form the lipid conjugate. Such phos-
phatidylethanolamines are commercially available, or can be
isolated or synthesized using conventional techniques known
to those ofskilled in the art. Phosphatidylethanolamines con-
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taining saturated or unsaturated fatty acids with carbon chain
lengths in the range of C,, to C,, are preferred. Phosphati-
dylethanolamines with mono- or diunsaturated fatty acids
and mixtures of saturated and unsaturated fatty acids can also
be used. Suitable phosphatidylethanolaminesinclude, but are
not limited to, dimyristoyl-phosphatidylethanolamine
(DMPE), dipalmitoyl-phosphatidylethanolamine (DPPE),
dioleoylphosphatidylethanolamine (DOPE), and distearoyl-
phosphatidylethanolamine (DSPE).

The term “ATTA”or “polyamide”refers to, without lini-
tation, compounds described in U.S. Pat. Nos. 6,320,017 and
6,586,559, the disclosures of which are herein incorporated
by reference in their entirety for all purposes. These com-
pounds include a compoundhaving the formula:

dv)

R! oO R?

Rop- N=(CH,CH20)qq (CHa)pC=NH—=C—=C), R3,
ll
0 n

wherein R is a memberselected from the group consisting of
hydrogen, alkyl and acyl; R* is a memberselected from the
group consisting of hydrogen and alkyl; or optionally, R
and R’ and the nitrogen to which they are bound form an
azido moiety; R? is a memberof the group selected from
hydrogen, optionally substituted alkyl, optionally substi-
tuted aryl anda side chain ofan aminoacid; R? is a member
selected from the group consisting of hydrogen, halogen,
hydroxy, alkoxy, mereapto, hydrazino, amino and NR“R*,
wherein R* and R° are independently hydrogenor alkyl; n
is 4 to 80; mis 2 to 6; p is | to 4; and qis 0 or1. It will be
apparent to those of skill in the art that other polyamides
can be used in the compoundsofthe present invention.
The term “diacylglycerol” refers to a compound having 2

fatty acyl chains, R' and R*, both of which have indepen-
dently between 2 and 30 carbons bonded to the 1- and 2-po-
sition of glycerol by ester linkages. The acyl groups can be
saturated or have varying degrees of unsaturation. Suitable
acyl groups include, but are notlimited to, lauryl (C, 2), myri-
styl (C,4), palmityl (C,,), stearyl (C,,), and icosyl (C39). In
preferred embodiments, R’ and R’ are the same,i.e., R' and
R? are both myristyl (.e., dimyristyl), R! and R? are both
stearyl (i.e., distearyl), etc. Diacylglycerols have the follow-
ing general formula:

(VY)O

noR!
oO

AR2.
 

CLO

The term “dialkyloxypropyl”refers to a compoundhaving
2 alkyl chains, R’ and R?, both ofwhich have independently
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between 2 and 30 carbons. The alkyl groups can be saturated
or have varying degrees of unsaturation. Dialkyloxypropyls
have the following general formula:

 (VI)
CH,0—R!. ‘
CHO—R?

CH,—

In a preferred embodiment, the PEG-lipid is a PEG-DAA
conjugate having the following formula:

(VID
CH,0—R!

CHO—R?

CH) -——-L—— PEG,

wherein R! and R?are independently selected and are long-
chain alkyl groups having from about 10 to about 22 carbon
atoms; PEG is a polyethyleneglycol; and L is a non-ester
containing linker moietyor an ester containing linker moi-
ety as described above. The long-chain alkyl groups can be
saturated or unsaturated. Suitable alkyl groups include, but
are not limited to, lauryl (C,,), myristyl (C,.,), palmityl
(C,.), stearyl (C, ,), and icosyl (C39). In preferred embodi-
ments, R’ and R? are the same,i.e., R’ and R? are both
myristyl(i.e., dimyristyl), R* and R? are both stearyl(i.e.,
distearyl), etc.

In Formula VII above, the PEG has an average molecular
weight ranging from about 550 daltons to about 10,000 dal-
tons. In certain instances, the PEG has an average molecular
weight offrom about 750 daltons to about 5,000 daltons(e.g.,
from about 1,000 daltons to about 5,000 daltons, from about
1,500 daltons to about 3,000 daltons, from about 750 daltons
to about 3,000daltons, from about 750 daltons to about 2,000

daltons, etc.). In preferred embodiments, the PEG has an
average molecular weight ofabout 2,000daltonsor about 750
daltons. The PEG can be optionally substituted with alkyl,
alkoxy, acyl, or aryl. In certain embodiments, the terminal
hydroxyl group is substituted with a methoxy or methyl
group.

In a preferred embodiment, “I” is a non-ester containing
linker moiety. Suitable non-ester containing linkers include,
but are not limited to, an amidolinker moiety, an amino linker
moiety, a carbonyl]linker moiety, a carbamate linker moiety,
a urea linker moiety, an ether linker moiety, a disulphide
linker moiety, a succinamidy] linker moiety, and combina-
tions thereof. In a preferred embodiment, the non-ester con-
taining linker moiety is a carbamate linker moiety(i.e., a
PEG-C-DAA conjugate). In another preferred embodiment,
the non-ester containing linker moiety is an amido linker
moiety (i.e., a PEG-A-DAA conjugate). In yet another pre-
ferred embodiment, the non-ester containing linker moietyis
a succinamidy]linker moiety (1.e., a PEG-S-DAAconjugate).
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In particular embodiments, the PEG-lipid conjugate is
selected from:

 

(PEG-C-DMA)

 

(PEG-C-DOMG)

The PEG-DAAconjugates are synthesized using standard
techniques and reagents known to those ofskill in theart. It
will be recognizedthat the PEG-DAA conjugates will contain
various amide, amine, ether, thio, carbamate, and urea link-
ages. Those of skill in the art will recognize that methods and
reagents for forming these bonds are well known andreadily
available. See, e.g., March, ADVANCED ORGANIC
CHEMISTRY (Wiley 1992); Larock, COMPREHENSIV]
ORGANIC TRANSFORMATIONS (VCH 1989); and Fur-
niss, VOGEL’S TEXTBOOK OF PRACTICAL ORGANIC
CHEMISTRY, 5th ed. (Longman 1989), It will also be appre-
ciated that any functional groups present may require protec-
tion and deprotectionat different points in the synthesis ofthe
PEG-DAA conjugates. Those of skill in the art will recognize
that such techniques are well known. See, e.g., Green and
Wuts, PROTECTIVE GROUPSIN ORGANIC SYNTHESIS

(Wiley 1991).
Preferably, the PEG-DAA conjugate is a dilauryloxypro-

pyl (C,2)-PEG conjugate, dimyristyloxypropyl (C,,)-PEG
conjugate, a dipalmityloxypropyl (C,,)-PEG conjugate, ora
distearyloxypropyl (C,,)-PEG conjugate. Those of skill in
the art will readily appreciate that other dialkyloxypropyls
can be used in the PEG-DAA conjugatesofthe present inven-
tion.

In addition to the foregoing, it will be readily apparent to
thoseofskill in the art that other hydrophilic polymers can be
usedin place ofPEG. Examples of suitable polymers that can
be used in place of PEG include, but are not limited to,
polyvinylpyrrolidone, polymethyloxazoline, polyethylox-
azoline, polyhydroxypropyl methacrylamide, polymethacry-
lamide and polydimethylacrylamide, polylactic acid, polyg-
lycolic acid, and derivatized celluloses such
hydroxymethylcellulose or hydroxyethylcellulose.

In addition to the foregoing components, the particles(e.g.,
SNALP or SPLP) of the present invention can further com-
prise cationic poly(ethylene glycol) (PEG) lipids or CPLs
(see, e.g., Chen et al., Bioconj. Chem., 11:433-437 (2000)).
Suitable SPLPs and SPLP-CPLsfor use in the present inven-
tion, and methods of making and using SPLPs and SPLP-
CPLs,are disclosed, ¢.g., in U.S. Pat. No. 6,852,334 and PCT
Publication No. WO 00/62813, the disclosures of which are
herein incorporated by reference in their entirety for all pur-
poses.

 esl

as

 

Om

Om

35

40

45

50

35

60

65

56

Oo

NNAthe and
aaaii

0

NAthe
SNONONONSOION

Suitable CPLs include compoundsof Formula VIII:

A-W-Y (VID),

wherein A, W, and Y are as described below.
With reference to Formula VIII, “A”is a lipid moiety such

as an amphipathiclipid, a neutral lipid, ora hydrophobiclipid
that acts as a lipid anchor.Suitable lipid examples include, but
are not limited to, diacylglycerolyls, dialkylglycerolyls,
N—N-dialkylaminos, 1,2-diacyloxy-3-aminopropanes, and
1,2-dialkyl-3-aminopropanes.

“Wis a polymer or an oligomer such as a hydrophilic
polymeror oligomer. Preferably, the hydrophilic polymeris a
biocompatable polymer that is nonimmunogenicorpossesses
lowinherent immunogenicity. Alternatively, the hydrophilic
polymer can be weakly antigenic if used with appropriate
adjuvants. Suitable nonimmunogenic polymers include, but
are not limited to, PEG, polyamides, polylactic acid, polyg-
lycolic acid, polylactic acid/polyglycolic acid copolymers,
and combinations thereof. In a preferred embodiment, the
polymer has a molecular weight of from about 250 to about
7,000 daltons.

“Y"" is a polycationic moiety. The term polycationic moiety
refers to a compound, derivative, or functional group having
a positive charge, preferably at least 2 positive charges at a
selected pH, preferably physiological pH. Suitable polyca-
tionic moieties include basic aminoacids andtheir derivatives

suchas arginine, asparagine, glutamine,lysine, and histidine;
spermine; spermidine; cationic dendrimers; polyamines;
polyamine sugars; and amino polysaccharides. The polyca-
tionic moieties can be linear, such as linear tetralysine,
branched or dendrimeric in structure. Polycationic moieties
have between about 2 to about 15 positive charges, preferably
between about 2 to about 12 positive charges, and more
preferably between about 2 to about 8 positive charges at
selected pH values. The selection of which polycationic moi-
ety to employ may be determined by the type ofparticle
application which is desired.

The charges on the polycationic moieties can be either
distributed aroundthe entire particle moiety, or alternatively,
they can be a discrete concentration of charge density in one
particular areaofthe particle moietye.g., a charge spike. Ifthe
charge density is distributed on the particle, the charge den-
sity can be equally distributed or unequally distributed. All
variations of charge distribution of the polycationic moiety
are encompassed bythe present invention.
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Thelipid “A” and the nonimmunogenic polymer “W”can
be attached by various methods and preferably by covalent
attachment. Methods knowntothoseof skill in the art can be
used for the covalent attachment of “A” and “W.” Suitable

linkages include, but are not limited to, amide, amine, car-
boxyl, carbonate, carbamate, ester, and hydrazonclinkages.It
will be apparent to those skilled in the art that “A” and “W”
must have complementary functional groupsto effectuate the
linkage. The reaction ofthese two groups, one on the lipid and
the other on the polymer, will provide the desired linkage. For
example, when the lipid is a diacylglycerol and the terminal
hydroxyl is activated, for instance with NHS and DCC,to
form an active ester, and is then reacted with a polymer which
contains an amino group, such as with a polyamide(see, ¢.g.,
USS. Pat. Nos. 6,320,017 and 6,586,559, the disclosures of
whichare herein incorporated byreference in their entirety
for all purposes), an amide bond will form between the two
groups.

Jn cerlain instances, the polycationic moiely can have a
ligand attached, such as a targeting ligand or a chelating
moicty for complexing calcium.Preferably, after the ligandis
attached, the cationic moiety maintains a positive charge. In
certain instances, the ligand that is attached has a positive
charge. Suitable ligands include, but are not limited to, a
compound or device with a reactive functional group and
includelipids, amphipathic lipids, carrier compounds, bioaf-
finity compounds, biomaterials, biopolymers, biomedical
devices, analytically detectable compounds, therapeutically
active compounds, enzymes, peptides, proteins, antibodies,
immunestimulators, radiolabels, fluorogens, biotin, drugs,
haptens, DNA, RNA,_polysaccharides, liposomes,
virosomes, micelles, immunoglobulins, functional groups,
other targeting moieties, or toxins.

The lipid conjugate (e.g., PEG-lipid) typically comprises
from about 0.1 mol %to about 2 mol %, from about 0.5 mol
% to about 2 mol %, from about 1 mol % to about 2 mol %,
from about 0.6 mol %to about 1.9 mol %, from about 0.7 mol
% to about 1.8 mol %, from about 0.8 mol % to about 1.7 mol

%, from about 0.9 mol % to about 1.6 mol %, from about 0.9
mol %to about 1.8 mol %, from about 1 mol %to about 1.8
mol %, from about | mol %to about 1.7 mol %, from about
1.2 mol %to about 1.8 mol %, from about 1.2 mol %to about
1.7 mol %, from about 1.3 mol %to about 1.6 mol %, or from
about 1.4 mol % to about 1.5 mol %of the total lipid present
in the particle.

One of ordinary skill in the art will appreciate that the
concentration of the lipid conjugate can be varied depending
on the lipid conjugate employed and the rate at which the
nucleic acid-lipid particle is to become fusogenic.

By controlling the composition and concentration of the
lipid conjugate, one can control the rate at which the lipid
conjugate exchangesoutofthe nucleic acid-lipid particle and,
in turn, the rate at which the nucleic acid-lipid particle 5
becomes fusogenic. For instance, when a PEG-phosphati-
dylethanolamine conjugate or a PEG-ceramide conjugate is
used as the lipid conjugate, the rate at which the nucleic
acid-lipid particle becomes fusogenic can be varied, for
example, by varying the concentration ofthe lipid conjugate,
byvarying the molecularweight ofthe PEG,orby varying the
chain length and degree of saturationofthe acyl chain groups
on the phosphatidylethanolamine or the ceramide. In addi-
tion, other variables including, for example, pH, temperature,
ionic strength, etc. can be used to vary and/or controlthe rate
at which the nucleic acid-lipid particle becomes fusogenic.
Other methods which canbe usedto controlthe rate at which
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the nucleic acid-lipid particle becomes fusogenic will
become apparentto those of skill in the art upon reading this
disclosure.

VI. Preparation of Lipid Particles
Thelipid particles ofthe present invention, e.g., SNALP, in

whichan active agent or therapeutic agent such as an inter-
fering RNAis encapsulatedin a lipid bilayer andis protected
from degradation, can be formed by any method knownin the
art including, but not limited to, a continuous mixing method
or a direct dilution process.

In preferred embodiments, the cationic lipids are lipids of
Formula J, I], and IJ, or combinations thereof. In other pre-
ferred embodiments, the non-cationic lipids are egg sphingo-
myelin (ESM), distearoylphosphatidylcholine (DSPC), dio-
leoylphosphatidylcholine (DOPC),  1-palmitoyl-2-oleoyl-
phosphatidylcholine (POPC), dipalmitoyl-
phosphatidylcholine (DPPC), monomethyl-
phosphatidylethanolamine, dimethyl-
phosphatidylethanolamine, 14:0 PE  (1,2-dimyristoyl-
phosphatidylethanolamine (DMPE)), 16:0 PE (1,2-
dipalmitoyl-phosphatidylethanolamine (DPPE)), 18:0 PE
(1,2-distcaroyl-phosphatidylethanolamine (DSPE)), 18:1 PE
(1,2-dioleoyl-phosphatidylethanolamine (DOPE)), 18:1
trans PE (1,2-dielaidoyl-phosphatidylethanolamine
(DEPE)), 18:0-18:1 PE (1-stearoyl-2-oleoyl-phosphatidyle-
thanolamine (SOPE)), 16:0-18:1 PE (1-palmitoyl-2-oleoyl-
phosphatidylethanolamine (POPE)), polyethylene glycol-
based polymers (e.g., PEG 2000, PEG 5000, PEG-moditied
diacylglycerols, or PEG-modified dialkyloxypropyls), cho-
lesterol, or combinations thereof.

In certain embodiments, the present invention providesfor
SNALP produced via a continuous mixing method, e.g., a
process that includes providing an aqueoussolution compris-
ing a nucleic acid suchas aninterfering RNAinafirst reser-
voir, providing an organic lipid solution in a second reservoir,
and mixing the aqueous solution with the organic lipid solu-
tion such that the organic lipid solution mixes with the aque-
ous solution so as to substantially instantaneously produce a
liposome encapsulating the nucleic acid (e.g., interfering
RNA). This process and the apparatus for carrying this pro-
cess are described in detail in U.S. Patent Publication No.

20040142025, the disclosure ofwhich is herein incorporated
byreferencein its entirety for all purposes.

The action of continuously introducing lipid and buffer
solutions into a mixing environment, such as in a mixing
chamber, causes a continuous dilution of the lipid solution
with the buffer solution, thereby producing a liposome sub-
stantially instantaneously upon mixing. As used herein, the
phrase “continuously diluting a lipid solution with a butfer
solution”(and variations) generally meansthatthe lipid solu-
tion is diluted sufficiently rapidly in a hydration process with
sufficient force to effectuate vesicle generation. By mixing
the aqueous solution comprising a nucleic acid with the
organic lipid solution, the organic lipid solution undergoes a
continuous stepwise dilution in the presence of the buffer
solution (i.e., aqueous solution) to produce a nucleic acid-
lipid particle.

The SNALP formed using the continuous mixing method
typically have a size of from about 40 nmto about 150 nm,
fromabout 50 nmto about 150 nm,from about 60 nm to about
130 nm,from about 70 nin to about 110 nm,or from about 70
nm to about 90 nm. The particles thus formed do not aggre-
gate and are optionally sized to achieve a uniform particlesize.

In another embodiment, the present invention provides for
SNALPproducedvia a direct dilution process that includes
forming a liposome solution and immediately and directly
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introducing the liposome solution into a collection vessel
containing acontrolled amountofdilution butter. In preferred
aspects, the collection vessel includes one or more elements
configured to stir the contents of the collection vessel to
facilitate dilution. In one aspect, the amountofdilution buffer
present in the collection vessel is substantially equal to the
volume ofliposome solution introduced thereto. As a non-
limiting example, a liposome solution in 45% ethanol when
introducedinto the collection vessel containing an equalvol-
umeofdilution buffer will advantageously yield smaller par-
ticles.

In yet another embodiment, the present invention provides
for SNALPproducedvia a direct dilution process in which a
third reservoir containing dilution buffer is fluidly coupled to
a second mixing region. In this embodiment, the liposome
solution formed inafirst mixing region is immediately and
directly mixed with dilution buffer in the second mixing
region. In preferred aspects, the second mixing region
includes a T-connector arranged sothat the liposome solution
and the dilution buffer flows meet as opposing 180° flows;
however, connectors providing shallower angles can be used,
c.g., from about 27° to about 180°. A pump mechanism deliv-
ers a controllable flowofbuffer to the second mixing region.
In one aspect, the flowrate of dilution buffer provided to the
second mixing regionis controlled to be substantially equal to
the flow rate of liposomesolution introduced thereto fromthe
first mixing region. This embodiment advantageouslyallows
for more control ofthe flow ofdilution buffer mixing with the
liposomesolution in the second mixing region, and therefore
also the concentrationofliposomesolutionin buffer through-
out the second mixing process. Such control of the dilution
buffer flowrate advantageouslyallows for small particle size
formation at reduced concentrations.

These processes and the apparatuses for carrying out these
direct dilution processes are described in detail in U.S. Patent
Publication No. 20070042031, the disclosure of which is
herein incorporated by reference in its entirety for all pur-
poses.

The SNALP formed using the direct dilution process typi-
cally have a size of from about 40 nm to about 150 nm, from
about 50 nm to about 150 nm,from about 60 nmto about 130
nm,from about 70 nm to about 110 nm,or from about 70 nm
to about 90 nm. The particles thus formed do not aggregate
and are optionally sized to achieve a uniformparticle size.

Ifneeded, thelipid particles ofthe invention(e.g., SNALP)
can be sized by any of the methods available for sizing lipo-
somes. The sizing may be conducted in order to achieve a
desired size range andrelatively narrowdistribution of par-
ticle sizes.

Several techniquesare available for sizing the particles toa
desired size. One sizing method, used for liposomes and
equally applicableto the presentparticles, is described in U.S.
Pat. No. 4,737,323, the disclosure of which is herein incor-
porated by reference in its entirety for all purposes. Sonicat-
ing a particle suspension either by bath or probe sonication
producesa progressive size reduction downto particles ofless
than about 50 nm in size. Homogenization is another method
whichrelies on shearing energy to fragment larger particles
into smaller ones. In a typical homogenization procedure,
particles are recirculated through a standard emulsion
homogenizer until selected particle sizes, typically between
about 60 and about 80 nm,are observed. In both methods, the
particle size distribution can be monitored by conventional
laser-beam particle size discrimination, or QELS.

Extrusion ofthe particles through a small-pore polycar-
bonate membrane or an asymmetric ceramic membrane is
also an effective method for reducing particle sizes to a rela-
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tively well-defined size distribution. Typically, the suspen-
sion is cycled through the membrane one or more times until
the desiredparticle size distribution is achieved. Theparticles
may be extruded through successively smaller-pore mem-
branes, to achieve a gradual reduction insize.

In some embodiments, the nucleic acids in the SNALPare

precondensed as described in, e.g., U.S. patent application
Ser. No. 09/744,103, the disclosure of which is herein incor-

porated by reference in its entirety for all purposes.
In other embodiments, the methods will further comprise

adding non-lipid polycations which are useful to effect the
lipofection ofcells using the present compositions. Examples
of suitable non-lipid polycations include, hexadimethrine
bromide (sold under the brandname POLYBRENE®,from
Aldrich Chemical Co., Milwaukee, Wis., USA)or other salts
of hexadimethrine. Other suitable polycations include, for
example, salts of poly-L-ornithine, poly-L-arginine, poly-L-
lysine, poly-D-lysine, polyallylamine, and polyethylene-
imine. Addition ofthese salts is preferably aller the particles
have been formed.

In some embodiments, the nucleic acid to lipid ratios
(mass/miass ratios) in a formed SNALPwill range from about
0.01 to about 0.2, from about 0.02 to about 0.1, from about
0.03 to about 0.1, or from about 0.01 to about 0.08. The ratio
of the starting materials also falls within this range. In other
embodiments, the SNALP preparationuses about 400nucleic
acid per 10 mgtotal lipid or a nucleic acid to lipid massratio
of about 0.01 to about 0.08 and, more preferably, about 0.04,
which corresponds to 1.25 mg oftotal lipid per 50 ug of
nucleic acid. In other preferred embodiments, the particle has
a nucleic acid:lipid mass ratio of about 0.08.

In other embodiments, the lipid to nucleic acid ratios
(mass/miass ratios) in a formed SNALPwill range from about
1 (1:1)to about 100 (100:1), from about 5 (5:1) to about 100
(100:1), from about 1 (1:1) to about 50 (50:1), from about 2
(2:1) to about 50 (50:1), fromabout3 (3:1) to about 50 (50:1),
from about 4 (4:1) to about 50 (50:1), from about 5 (5:1) to
about 50 (50:1), from about 1 (1:1) to about 25 (25:1), from
about2 (2:1) to about 25 (25:1), trom about 3 (3:1) to about 25
(25:1), from about 4 (4:1) to about 25 (25:1), from about 5
(5:1) to about 25 (25:1), from about5 (5:1) to about 20 (20:1),
from about 5 (5:1) to about 15 (15:1), from about 5 (5:1) to
about 10 (10:1), about 5 (5:1), 6 (6:1), 7 (7:1), 8 (8:1), 9 (9:1),
(10:1), 11 (1121), 12 (12:1), 13 (13:1), 14 (14:1), or 15 (15:1).
Theratio ofthe starting materials also falls within this range.

Aspreviously discussed, the conjugated lipid mayfurther
include a CPL. A variety of general methods for making
SNALP-CPLs (CPL-containing SNALP) are discussed
herein. Two general techniques include “post-insertion”tech-
nique, that is, insertion of a CPLinto, for example, a pre-
formed SNALP, and the “standard” technique, wherein the
CPLis includedin the lipid mixture during, for example, the
SNALP formation steps. The post-insertion techniqueresults
in SNALP having CPLs mainly in the external face of the
SNALPbilayer membrane, whereas standard techniquespro-
vide SNALP having CPLs on bothinternal and externalfaces.
The methodis especially useful for vesicles made from phos-
pholipids (which can contain cholesterol) and also for
vesicles containing PEG-lipids (such as PEG-DAAs and
PEG-DAGs). Methods of making SNALP-CPL,are taught,
for example, in U.S. Pat. Nos. 5,705,385; 6,586,410; 5,981,
501; 6,534,484; and 6,852,334; U.S. Patent Publication No.
20020072121; and PCT Publication No. WO 00/62813, the
disclosures of which are herein incorporated by reference in
their entirety for all purposes.
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VILKits

The present invention also provides lipid particles (e.g.,
SNALP)in kit form. The kit may comprise a container which
is compartmentalized for holding the various elements of the
lipid particles (e.g., the active agents or therapeutic agents
such as nucleic acids and the individual lipid components of
the particles). In some embodiments, the kit may further
comprise an endosomal membranedestabilizer(e.g., calcium
ions). The kit typically contains the lipid particle composi-
tions of the present invention, preferably in dehydrated form,
with instructions for their rehydration and administration.

Asexplained herein, the lipid particles of the invention
(e.g., SNALP) can betailored to preferentially target particu-
lar tissues, organs, or tumorsof interest. In certain instances,
preferential targeting of lipid particles such as SNALP may
be carried out by controlling the composition ofthe particle
itself. For instance, as set forth in Example 11, it has been
found that the 1:57 PEG-cDSA SNALP formulation can be

used to preferentially target tumors outside of the liver,
whereas the 1:57 PEG-cDMA SNALPformulation can be

usedto preferentially target the liver (including liver tumors).
In certain other instances, it may be desirable to have a

targeting moiety attachedto the surface ofthe lipid particle to
further enhance the targeting of the particle. Methods of
attaching targeting moieties (e.g., antibodies, proteins, etc.)
to lipids (such as those used in the present particles) are
knownto those ofskill in the art.

VII. Administration of Lipid Particles
Once formed, the lipid particles of the invention (e.g.,

SNALP) are useful for the introduction of active agents or
therapeutic agents (e.g., nucleic acids such as interfering
RNA)into cells.Accordingly, the present invention also pro-
vides methodsfor introducing an active agent or therapeutic
agent such as a nucleicacid (e.g., interfering RNA)into acell.
The methodsare carriedoutin vitro orin vivobyfirst forming
the particles as described above and then contacting the par-
ticles with the cells for a period oftime sufficient for delivery
of the active agent or therapeutic agent to the cells to occur.

The lipid particles of the invention (e.g., SNALP) can be
adsorbed to almost any cell type with which they are mixed or
contacted. Once adsorbed,theparticles caneither be endocy-
tosed bya portion of the cells, exchange lipids with cell
membranes, or fuse with the cells. Transfer or incorporation
of the active agent or therapeutic agent (e.g., nucleic acid)
portion of the particle can take place via any one of these
pathways. In particular, when fusion takes place, the particle
membraneis integrated into the cell membrane andthe con-
tents of the particle combine with the intracellular fluid.

The lipid particles of the invention (e.g., SNALP) can be
administered either alone or in a mixture with a pharmaceu-
tically-acceptable carrier (e.g., physiological saline or phos-
phate buffer) selected in accordance with the route of admin-
istration and standard pharmaceutical practice. Generally,
normal buffered saline (e.g., 135-150 mM NaCl) will be 5
employed as the pharmaceutically-acceptable carrier. Other
suitable carriers include, e.g., water, buffered water, 0.4%
saline, 0.3% glycine,and the like, including glycoproteins for
enhancedstability, such as albumin, lipoprotein, globulin,
etc. Additional suitable carriers are described in, e.g., REM-
INGTON’S PHARMACEUTICAL SCIENCES, Mack Pub-
lishing Company, Philadelphia, Pa., 17th ed. (1985). As used
herein, “carrier” includes any andall solvents, dispersion
media, vehicles, coatings, diluents, antibacterial and antifun-
gal agents, isotonic and absorption delaying agents, buffers,
carrier solutions, suspensions, colloids, and the like. The
phrase “pharmaceutically-acceptable” refers to molecular
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entities and compositions that do not produce an allergic or
similar untoward reaction when administered to a human.

The pharmaceulically-acceptable carrier is generally
added following particle formation. Thus,after the particle is
formed, the particle can be diluted into pharmaceutically-
acceptable carriers such as normal buffered saline.

The concentration ofparticles in the pharmaceutical for-
mulations can vary widely, i.e., from less than about 0.05%,
usually at or at least about 2 to 5%, to as much as about 10 to
90%by weight, and will be selected primarily by fluid vol-
umes, Viscosities, etc., in accordance with the particular mode
of administration selected. For example, the concentration
may be increased to lower the fluid load associated with
treatment. This maybe particularly desirable in patients hav-
ing atherosclerosis-associated congestive heart failure or
severe hypertension. Alternatively, particles composed of
irritating lipids may be diluted to low concentrations to lessen
inflammationat the site of administration.

The pharmaceutical compositions ofthe present invention
may besterilized by conventional, well-knownsterilization
techniques. Aqueous solutions can be packaged for use or
filtered under aseptic conditions and lyophilized, the lyo-
philized preparation being combined witha sterile aqueous
solution prior to administration. The compositions can con-
tain pharmaceutically-acceptable auxiliary substances as
required to approximate physiological conditions, such as pH
adjusting and buffering agents, tonicity adjusting agents and
the like, for example, sodium acetate, sodiumlactate, sodium
chloride, potassium chloride, and calcium chloride. Addition-
ally, the particle suspension may include lipid-protective
agents which protect lipids against free-radical and lipid-
peroxidative damages on storage. Lipophilic free-radical
quenchers, such as alphatocopherol and water-soluble iron-
specific chelators, such as ferrioxamine,are suitable.

A.In Vivo Administration

Systemic delivery for in vivo therapy, e.g., delivery of a
therapeutic nucleicacidto a distal target cell via body systems
such as the circulation, has been achieved using nucleic acid-
lipid particles such as those described in PCT Publication
Nos. WO 05/007196, WO 05/121348, WO 05/120152, and
WO 04/002453, the disclosures of which are herein incorpo-
rated by reference in their entirety for all purposes. The
present invention also provides fully encapsulated lipid par-
ticles that protect the nucleic acid from nuclease degradation
in serum, are nonimmunogenic, are small in size, and are
suitable for repeat dosing.

For in vivo administration, administration can be in any
manner knownin theart, e.g., by injection, oral administra-
tion, inhalation (e.g., intransal or intratracheal), transdermal
application, or rectal administration. Administration can be
accomplished via single or divided doses. The pharmaceuti-
cal compositions can be administered parenterally, i.e.,
intraarticularly, intravenously, intraperitoneally, subcutane-
ously, or intramuscularly. In some embodiments, the pharma-
ceutical compositions are administered intravenously or
intraperitoneally by a bolus injection (see, e.g., U.S. Pat. No.
5,286,634). Intracellular nucleic acid delivery has also been
discussed in Straubringeret al., Methods Enzymol., 101:512
(1983); Mannino et al., Biotechniques, 6:682 (1988); Nicolau
et al., Crit. Rev. Ther. Drug Carrier Syst., 6:239 (1989); and
Behr, Acc. Chem. Res., 26:274 (1993). Still other methods of
administering lipid-based therapeutics are described in, for
example, U.S. Pat. Nos. 3,993,754; 4,145,410; 4,235,871;
4,224,179; 4,522,803; and 4,588,578. The lipid particles can
be administered bydirect injectionat the site ofdisease or by
injection at a site distal from the site of disease (see, e.g.,
Culver,HUMAN GENETHERAPY, MaryAnnLiebert, Inc.,
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Publishers, New York. pp. 70-71 (1994)). The disclosures of
the above-described references are herein incorporated by
reference in their entirely for all purposes.

The compositions of the present invention, either alone or
in combinationwith other suitable components, can be made
into aerosol formulations(1.e., they can be “nebulized’’) to be
administered via inhalation (e.g., intranasally or intratrache-
ally) (see, Brigham et al., Am. J. Sci., 298:278 (1989)). Aero-
sol formulations can be placed into pressurized acceptable
propellants, such as dichlorodifluoromethane, propane, nitro-
gen, andthe like.

In certain embodiments, the pharmaceutical compositions
may be delivered by intranasal sprays, inhalation, and/or
other aerosol delivery vehicles. Methods for delivering
nucleic acid compositions directly to the lungs via nasal aero-
sol sprays have been described, e.g., in U.S. Pat. Nos. 5,756,
353 and 5,804,212. Likewise, the delivery of drugs using
intranasal microparticle resins and lysophosphatidyl-glyc-
erol compounds (U.S. Pat. No. 5,725,871) are also well-
known in the pharmaceutical arts. Similarly, transmucosal
drug delivery in the form ofa polytetrafluoroetheylene sup-
port matrix is described in U.S. Pat. No. 5,780,045. The
disclosures of the above-described patents are herein incor-
porated by reference in their entirety for all purposes.

Formulations suitable for parenteral administration, such
as, for example, by intraarticular (in the joints), intravenous,
intramuscular, intradermal, intraperitoneal, and subcutane-
ousroutes, include aqueous and non-aqueous, isotonic sterile
injection solutions, which can contain antioxidants, buffers,
bacteriostats, and solutes that render the formulationisotonic
with the blood of the intended recipient, and aqueous and
non-aqueoussterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and pre-
servatives. In the practice of this invention, compositions are
preferably administered, for example, by intravenous infu-
sion, orally, topically, intraperitoneally, intravesically, or
intrathecally.

Generally, when administered intravenously,the lipid par-
ticle formulations are formulated with a suitable pharmaceu-
tical carrier. Many pharmaceutically acceptable carriers may
be employed in the compositions and methodsofthe present
invention. Suitable formulations for use in the present inven-
tion are found, for example, in REMINGTON’S PHARMA-
CEUTICAL SCIENCES, Mack Publishing Company, Phila-
delphia, Pa., 17th ed. (1985). A variety of aqueous carriers
may be used, for example, water, butfered water, 0.4%saline,
0.3%glycine, and the like, and may include glycoproteins for
enhancedstability, such as albumin, lipoprotein, globulin,
etc. Generally, normal buffered saline (135-150 mM NaCl)
will be employedas the pharmaceutically acceptable carrier,
but other suitable carriers will suffice. These compositions
can besterilized by conventional liposomalsterilization tech-
niques, such as filtration. The compositions may contain
pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions, such as pH adjust-
ing and buffering agents, tonicity adjusting agents, wetting
agents and the like, for example, sodium acetate, sodium
lactate, sodiumchloride, potassium chloride, calcium chlo-
ride, sorbitan monolaurate, triethanolamineoleate, etc. These
compositions can besterilized using the techniques referred
to aboveor, alternatively, they can be produced understerile
conditions. The resulting aqueoussolutions may be packaged
for use orfiltered under aseptic conditions and lyophilized,
the lyophilized preparation being combined witha sterile
aqueous solution prior to administration.

In certain applications, the lipid particles disclosed herein
may be delivered via oral administration to the individual.
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Theparticles may be incorporated with excipients and used in
the form of ingestible tablets, buccal tablets, troches, cap-
sules, pills, lozenges, elixirs, mouthwash, suspensions, oral
sprays, syrups, wafers, and the like (see, e.g., U.S. Pat. Nos.
5,641,515, 5,580,579, and 5,792,451, the disclosures of
whichare herein incorporated by reference in their entirety
for all purposes). These oral dosage forms may also contain
the following: binders, gelatin; excipients, lubricants, and/or
flavoring agents. When the unit dosage form is a capsule, it
may contain, in addition to the materials described above, a
liquid carrier. Various other materials may be presentas coat-
ings or to otherwise modify the physical form of the dosage
unit. Of course, any material used in preparing anyunit dos-
age form should be pharmaceutically pure and substantially
non-toxic in the amounts employed.

Typically, these oral formulations may contain at least
about 0.1% ofthelipid particles or more, although the per-
centage of the particles may, of course, be varied and may
conveniently be between about 1% or 2% and about 60% or
70% or more ofthe weight or volumeofthetotal formulation.
Naturally, the amount of particles in each therapeutically
useful composition may be prepared is such a way that a
suitable dosage will be obtainedin any given unit dose of the
compound. Factors such as solubility, bioavailability, bio-
logical half-life, route of administration, product shelflife, as
well as otherpharmacological considerations will be contem-
plated by oneskilled in the art ofpreparing such pharmaceu-
tical formulations, and as such, a variety of dosages and
treatment regimens may be desirable.

Formulations suitable for oral administration can consist

of: (a) liquid solutions, such as an effective amount of a
packaged therapeutic agent such as nucleic acid (e.g., inter-
fering RNA) suspendedin diluents such as water, saline, or
PEG 400; (b) capsules, sachets, or tablets, each containing a
predetermined amount ofa therapeutic agent such as nucleic
acid (e.g., interfering RNA), as liquids, solids, granules, or
gelatin; (c) suspensions in an appropriate liquid; and(d) suit-
able emulsions. Tablet forms can include one or more of

lactose, sucrose, mannitol, sorbitol, calctum phosphates, corn
starch, potato starch, microcrystalline cellulose, gelatin, col-
loidal silicon dioxide, talc,magnesium stearate, stearic acid,
and other excipients, colorants, fillers, binders, diluents, buff-
ering agents, moistening agents, preservatives, flavoring
agents, dyes, disintegrating agents, and pharmaceutically
compatible carriers. Lozenge forms can comprise a therapeu-
tic agent such as nucleic acid (e.g., interfering RNA) in a
flavor, e.g., sucrose, as well as pastilles comprising the thera-
peutic agent in an inert base, such as gelatin and glycerin or
sucrose andacacia emulsions, gels, andthe like containing,in
additionto the therapeutic agent, carriers known intheart.

In another example oftheir use, lipid particles can be
incorporated into a broad range of topical dosage forms. For
instance, a suspension containing nucleic acid-lipid particles
such as SNALP can be formulated and administered as gels,
oils, emulsions, topical creams, pastes, ointments, lotions,
foams, mousses, andthelike.

When preparing pharmaceutical preparations of the lipid
particles of the invention,it is preferable to use quantities of
the particles which have beenpurified to reduce or eliminate
empty particles or particles with therapeutic agents such as
nucleic acid associated with the external surface.

The methodsofthe present invention maybe practicedina
variety of hosts. Preferred hosts include mammalian species,
such as primates (e.g., humans and chimpanzees as well as
other nonhuman primates), canines, felines, equines,
bovines, ovines, caprines, rodents (e.g., rats and mice), lago-
morphs, and swine.
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The amountofparticles administered will depend uponthe
ratio of therapeutic agent (e.g., nucleic acid) to lipid, the
particular therapeutic agent (e.g., nucleic acid) used, the dis-
ease or disorder being treated, the age, weight, and condition
of the patient, and the judgment of the clinician, but will
generally be between about 0.01 and about 50 mg per kilo-
gram ofbodyweight, preferably between about 0.1 and about
5 mg/kg of body weight, or about 10%-10'° particles per
administration(e.g., injection).

B. In Vitro Administration

For in vitro applications, the delivery of therapeutic agents
suchas nucleic acids(e¢.z., interfering RNA) canbe to anycell
grown in culture, whetherofplant or animalorigin, vertebrate
or invertebrate, and ofanytissue ortype.In preferred embodi-
ments, the cells are animal cells, more preferably mammalian
cells, and most preferably humancells.

Contact between the cells and the lipid particles, when
carried out in vitro, takes place in a biologically compatible
medium. The concentration of particles varies widely
depending on the particular application, but is generally
between about 1 umol and about 10 mmol. Treatment of the
cells with the lipidparticles is generally carried out at physi-
ological temperatures (about 37° C.) for periods of time of
from about | to 48 hours, preferably of from about 2 to 4
hours.

In one group of preferred embodiments, a lipid particle
suspension 1s added to 60-80% confluent plated cells having
a cell density of from about 10° to about 10° cells/ml, more
preferably about 2x10* cells/ml. The concentration of the
suspension addedto the cells is preferably of from about 0.01
to 0.2 pg/ml, more preferably about 0.1 ug/ml.

Using an Endosomal Release Parameter (ERP) assay, the
deliveryefficiency ofthe SNALPorotherlipid particle of the
invention can be optimized. An ERP assay is described in
detail in U.S. Patent Publication No. 20030077829, the dis-
closure of which is herein incorporated by reference inits
entirety for all purposes. Moreparticularly, the purpose ofan
ERPassayisto distinguish the effect ofvarious cationic lipids
and helperlipid components of SNALPbasedontheir relative
effect on binding/uptake or fusion with/destabilization ofthe
endosomal membrane. This assay allows one to determine
quantitatively how each component of the SNALP or other
lipid particle affects delivery efficiency, thereby optimizing
the SNALPor otherlipid particle. Usually, an ERP assay
measures expression of a reporter protein (e.g., luciferase,
§-galactosidase, green fluorescent protein (GHP), etc.), and in
some instances, a SNALP formulation optimized for an
expression plasmid will also be appropriate for encapsulating
an interfering RNA.In other instances, an ERP assay can be
adapted to measure downregulation oftranscription or trans-
lation of a target sequence in the presence or absence ofan
interfering RNA(e.g., siRNA). By comparing the ERPs for
each of the various SNALP orother lipid particles, one can
readily determine the optimized system,e.g., the SNALP or
other lipid particle that has the greatest uptake in the cell.

C. Cells for Delivery of Lipid Particles
The compositions and methodsofthe present invention are

usedto treat a wide variety ofcell types, in vivo and in vitro.
Suitable cells include, e.g., hematopoietic precursor (stem)
cells, fibroblasts, keratinocytes, hepatocytes, endothelial
cells, skeletal and smooth muscle cells, osteoblasts, neurons,
quiescent lymphocytes, terminally differentiated cells, slow
or noncycling primarycells, parenchymal cells, lymphoid
cells, epithelial cells, bone cells, and the like. In preferred
embodiments, an active agent or therapeutic agent such as an
interfering RNA (e.g., siRNA) is delivered to cancer cells
such as, e.g., lung cancer cells, colon cancer cells, rectal
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cancer cells, anal cancer cells, bile duct cancer cells, small
intestine cancer cells, stomach (gastric) cancer cells, esoph-
ageal cancer cells, gallbladder cancercells, liver cancercells,
pancreatic cancer cells, appendix cancercells, breast cancer
cells, ovarian cancercells, cervical cancercells, prostate can-
cer cells, renal cancercells, cancer cells ofthe central nervous
system, glioblastoma tumorcells, skin cancer cells, lym-
phomacells, choriocarcinoma tumorcells, head and neck
cancercells, osteogenic sarcoma tumorcells, and blood can-
cer cells.

In vivo delivery of lipid particles such as SNALP encap-
sulating an interfering RNA(e.g., siRNA)is suited for target-
ing cells of any cell type. The methods and compositions can
be employed with cells of a wide variety of vertebrates,
including mammals, such as, e.g, canines, felines, equines,
bovines, ovines, caprines, rodents (e.g., mice,rats, and guinea
pigs), lagomorphs, swine, and primates (e.g. monkeys, chim-
panzees, and humans).

To the extentthat tissue culture ofcells may be required,it
is well-known in the art. For example, Freshney, Culture of
Animal Cells, a Manual of Basic Technique, 3rd Ed., Wiley-
Liss, New York (1994), Kuchlerct al., Biochemical Methods
in Cell Culture andVirology, Dowden, Hutchinsonand Ross,
Inc. (1977), and the references cited therein provide a general
guide to the culture of cells. Cultured cell systems often will
be in the form of monolayers ofcells, although cell suspen-
sions are also used.

D. Detection ofLipid Particles
In some embodiments, the lipid particles of the present

invention(e.g., SNALP)are detectable in the subject at about
1, 2,3, 4, 5, 6, 7, 8 or more hours. In other embodiments, the
lipid particles of the present invention (e.g., SNALP) are
detectable in the subject at about 8, 12, 24, 48, 60, 72, or 96
hours, or about 6, 8, 10, 12, 14, 16, 18, 19, 22, 24, 25, or 28
days after administration ofthe particles. The presence of the
particles can be detectedin the cells, tissues, or other biologi-
cal samples fromthe subject. The particles may be detected,
e.g., by direct detection of the particles, detection of a thera-
peutic nucleic acid suchas aninterfering RNA(e.g., siRNA)
sequence,detection ofthe target sequenceofinterest (i.e., by
detecting expression or reduced expression ofthe sequence of
interest), or a combination thereof.

1. Detection ofParticles

Lipid particles of the invention such as SNALP can be
detected, using any method knownin theart. For example, a
label can be coupled directly or indirectly to a component of
the lipid particle using methods well-knowninthe art. A wide
variety of labels can be used, with the choice of label depend-
ing on sensitivity required, ease of conjugation with thelipid
particle component, stabilivy requirements, and available
instrumentation and disposal provisions. Suitable labels
include, but are not limited to, spectral labels such as fluores-
cent dyes (e.g., fluorescein and derivatives, such as fluores-
cein isothiocyanate (FITC) and Oregon Green™; rhodamine
and derivatives such Texasred, tetrarhodimine isothiocynate
(TRITC), etc., digoxigenin, biotin, phycoerythrin,AMCA,
CyDyes™, andthe like; radiolabels such as 7H, ‘*°I, *°S, ‘4C,
32D33D ete.; enzymessuch as horse radish peroxidase, alka-
line phosphatase, etc.; spectral colorimetric labels such as
colloidal gold or colored glass or plastic beads such as poly-
styrene, polypropylene, latex, etc. The label can be detected
using any means knowninthe art.

2. Detection of Nucleic Acids

Nucleic acids (e.g., interfering RNA) are detected and
quantified herein by any ofa number ofmeans well-knownto
those of skill in the art. The detection of nucleic acids may
proceed by well-known methods such as Southern analysis,
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Northern analysis, gel electrophoresis, PCR, radiolabeling,
scintillation counting, and affinity chromatography. Addi-
tional analytic biochemical methods suchas spectrophotom-
etry, radiography, electrophoresis, capillary electrophoresis,
high performanceliquid chromatography (HPLC), thin layer
chromatography (TLC), and hyperditfusion chromatography
mayalso be employed.

The selection of a nucleic acid hybridization formatis not
critical. A variety of nucleic acid hybridization formats are
known to those skilled in the art. For example, common
formats include sandwich assays and competition or dis-
placement assays. Hybridization techniques are generally
described in, e.g., “Nucleic Acid Hybridization, A Practical
Approach,” Eds. Hames and Higgins, IRL Press (1985).

The sensitivity of the hybridization assays may be
enhanced through use of a nucleic acid amplification system
which multiplies the target nucleic acid being detected. In
vitro amplification techniques suitable for amplifying
sequences for use as molecular probes or for generating
nucleic acid fragments for subsequent subcloning are known.
Examples of techniques sufficient to direct persons ofskill
through such in vitro amplification methods, including the
polymerase chain reaction (PCR) the ligase chain reaction
(LCR), Qf-replicase amplification and other RNA poly-
merase mediated techniques (e.g., NASBA™) are found in
Sambrook et al., In Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press (2000); and
Ausubelet al., Sort Protocots IN MoLecutar Bio.oey,eds.,
Current Protocols, Greene Publishing Associates, Inc. and
John Wiley & Sons, Inc. (2002); as well as U.S. Pat. No.
4,683,202; PCR Protocols, A Guide to Methods and Appli-
cations (Innis et al. eds.) Academic Press Inc. San Diego,
Calif. (1990); Amheim & Levinson (Oct. 1, 1990), C&EN 36;
The Journal Of NIT Research, 3:81 (1991); Kwohet al.,
Proc. Natl. Acad. Sci. USA, 86:1173 (1989); Guatelli et al.,
Proc. Natl. Acad. Sci. USA, 87:1874 (1990); Lomeli etal., 7.
Clin. Chem., 35:1826 (1989); Landegrenet al., Science, 241:
1077 (1988); Van Brunt, Biotechnology, 8:291 (1990); Wu
and Wallace, Gene, 4:560 (1989); Barringer et al., Gene,
89:117 (1990); and Sooknanan and Malek, Biotechnology,
13:563 (1995). Improved methodsof cloning in vitro ampli-
fied nucleic acids are described in U.S. Pat. No. 5,426,039.
Other methods described in the art are the nucleic acid

sequence based amplification (NASBA™, Cangene, Missis-
sauga, Ontario) and Qf-replicase systems. These systems can
be used to directly identify mutants where the PCR or LCR
primers are designed to be extended or ligated only when a
select sequenceis present. Alternatively, the select sequences
can be generally amplified using, for example, nonspecific
PCRprimers and the amplified target region later probed for
a specific sequence indicative of a mutation. The disclosures
ofthe above-described references are herein incorporated by
referencein their entirety for all purposes.

Nucleic acids for use as probes, e.g., in in vitro amplifica-
tion methods, for use as gene probes, or as inhibitor compo-
nents are typically synthesized chemically according to the
solid phase phosphoramidite triester method described by
Beaucageet al., Tetrahedron Letts., 22:1859 1862 (1981),
€.g., using an automated synthesizer, as described in
Needham VanDevanter et al., Nucleic Acids Res., 12:6159
(1984). Purification of polynucleotides, where necessary, is
typically performed by either native acrylamide gel electre-
phoresis or by anion exchange HPLCas described in Pearson
et al., £ Chrom., 255:137 149 (1983). The sequence of the
synthetic polynucleotides can be verified using the chemical
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degradation method of Maxamand Gilbert (1980) in Gross-
manand Moldave(eds.) Academic Press, NewYork, Methods
in Enzymology, 65:499.

An alternative means for determining the level oftranscrip-
tion is in situ hybridization. In situ hybridization assays are
well-known and are gencrally described in Angerer ct al.,
Methods Enzymol., 152:649 (1987). In an in situ hybridiza-
tion assay, cells are fixed to a solid support, typically a glass
slide. IfDNAisto be probed, the cells are denatured with heat
or alkali. The cells are then contacted with a hybridization
solution at a moderate temperature to permit annealing of
specific probes that are labeled. The probes are preferably
labeled with radioisotopes or fluorescent reporters.

VII. EXAMPLES

The present invention will be describedin greater detail by
way of specific examples. The following examples are
offered for illustrative purposes, and are not intended to limit
the invention in any manner. Those of skill in the art will
readily recognize a variety of noncritical parameters which
can be changed or modified to yield essentially the same
results.

Example 1

Materials and Methods

siRNA: All siRNA molecules used in these studies were

chemically synthesized by the University of Calgary (Cal-
gary, AB) or DharmaconInc. (Lafayette, Colo.). The siRNAs
were desalted and annealed using standard procedures.

Lipid Encapsulation of siRNA: In some embodiments,
siRNA molecules were encapsulated into nucleic acid-lipid
particles composedofthe following lipids: the lipid conjugate
PEG-cDMA (3-N-[(-Methoxypoly(ethylene glycol)2000)
carbamoyl|-1,2-dimyristyloxypropylamine); the cationic
lipid DLinDMA (1,2-Dilinoleyloxy-3-(N,N-dimethy]l)ami-
nopropane); the phospholipid DPPC (1,2-Dipalmitoy]l-sn-
glycero-3-phosphocholine; Avanti Polar Lipids; Alabaster,
Ala.); and synthetic cholesterol (Sigma-Aldrich Corp.; St.
Louis, Mo.) in the molar ratio 1.4:57.1:7.1:34.3, respectively.
In other words, siRNAs were encapsulated into SNALP ofthe
following “1:57” formulation: 1.4% PEG-cDMA; 57.1%
DLinDMA; 7.1% DPPC; and 34.3% cholesterol. In other

embodiments, siRNA molecules were encapsulated into
phospholipid-free SNALP composedofthe followinglipids:
the lipid conjugate PEG-cDMA; the cationic lipid
DLinDMaA,;andsynthetic cholesterol in the molarratio 1.5:
61.5:36.9, respectively. In other words, siRNAs were encap-
sulated into phospholipid-free SNALP of the following
“1:62” formulation: 1.5% PEG-cDMA; 61.5% DLinDMA;
and 36.9%cholestero]. For vehicle controls, empty particles
with identical lipid composition were formed in the absence
of siRNA.It should be understoodthat the 1:57 formulation

and 1:62 formulation are target formulations, and that the
amountoflipid (both cationic and non-cationic) present and
the amountoflipid conjugate presentin the formulation may
vary. Typically, in the 1:57 formulation, the amount of cat-
ionic lipid will be 57 mol %+5 mol %, and the amountoflipid
conjugate will be 1.5 mol %+0.5 mol %, with the balance of
the 1:57 formulation being made up of non-cationic lipid
(e.g., phospholipid, cholesterol, or a mixture of the two).
Similarly, in the 1:62 formulation, the amount of cationic
lipid will be 62 mol %25 mol %, and the amount of lipid
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conjugate will be 1.5 mol %+0.5 mol %, with the balance of kinesin-related proteins that are involved in functionsrelated
the 1:62 formulation being made up of the non-cationic lipid to movements of organelles, microtubules, or chromosomes
(e.g., cholesterol). along microtubules. These functions include axonal trans-

port, microtubule sliding during nuclear fusion or division,
Example 2 5 and chromosomedisjunction during meiosis and early mito-

sis. Fg5 plays a critical role in mitosis of mammalian cells.
Eg5 siRNA Formulated as 1:57 SNALPare Potent The Eg5 siRNA usedin this study is provided in Table 1. The

Inhibitors of Cell Growth In Vitro modifications involved introducing 2'OMe-uridine at
selected positions in the sense and antisense strands of the

SNALPformulations were prepared with an siRNA target- 10 Eg5 2263 siRNA sequence,in which the siXNA duplex con-
ing Eg5 as the nucleic acid component. Eg5 is a member of tained less than about 20% 2'OMe-modified nucleotides.

 
TABLE 1

siRNA duplex comprising sense and antisense Eg5 RNA polynucleotides.

Modi - SEQ ID % 2'OMe- % Modified in

fication Eg5 2263 siRNA sequence NO: Modified DS Region

u/U 5'- CUGAAGACCUGAAGACAAUATAT- 3! 1 6/42 = 14.3% 6/38 = 15.8%

3'-dTdTGACUUCUGGACUUCUGUUA- 5! 2

Column i: “U/U" = 2'OMe-uridine modified siRNA duplex;
Column 2: 2'OMe-modified nucleotices are indicated in bold and underlined. The siRNA duplex can

ernatively or additionally comprise 2'-deoxy-2'-fluoro (2'F) nuclectides, 2'-deoxy mi otides,
2'-G- (2-methoxyethyl) (MOE) nucleotides, and/or locked nucleic acid (LNA) nucleotides. “dT” =
deoxythymidine.

        

Column 3: The number and percentage of 2'OMe-modified nucleotides in the siRNA duplex are provided.
Column 4: The numher and percentage of nodified rucleotides in the double-stranded (DS) region of the
SIRNA duplex are provided.

The lipid components and physical characteristics ofthe
SNALP formulations are summarized in Table 2. The lipid:
drugratio is describedinunits ofmg totallipidper mg nucleic

35 acid. Meanparticle size and polydispersity were measured on
a Malvern Instruments Zetasizer. Encapsulation of nucleic
acid was measured using a Ribogrecn assay essentially as
described in Heyes et al., Journal of Controlled Release,
107:276-287 (2005).

TABLE 2

Characteristics of the SNALP formulations used in this study.

   
Sample Formulation Composition, Mole % Lipid/Drug Finished Product Characterization

No. PRGi2000)-C-DMAIDT.MDMA IDPPC Cholesterol Ratio Size (nm) Polydispersity % Encapsulation

1 2140 10148 2.4 $7 0.07 90
2 1.8136.4 18.2/43.6 4.0 72 0.12 89
3 1.4:27.016.8164.9 6.5 70 0.12 92
4 1.3125.3 12.7/60.8 8.1 76 0.07 93
5 3.9139.219.8147.1 3.5 53 0.27 86
6 3.6135.7 17.9/42.9 5.1 38 0.18 87
7 2.7/26.716.7164.0 7.6 56 0.17 92
8 2.5125.0 12.5160.0 9.2 61 0.13 92
9 1.4157.117.1134.3 7.8 84 0.10 88

10 1.3153.3 13.3132.0 9.5 83 0.10 89
ll 1.1/42.615.3/51.1 22.0 80 0.10 93
12 1.0140.4 10.1/48.5 23.6 78 O.11 88

13 2.8156.317.0/33.8 9.0 62 0.14 80
14 2.6152.6 13.2!31.6 20.6 66 0.14 82
15 2.1/42.115.3150.5 23.1 71 0.16 91
16 2/40 10148 24.7 67 0.14 92
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Silencing of Eg5 by siRNA transfection causes mitotic
arrest and apoptosis in mammalian cells. Cell viability fol-
lowing transfection with SNALP containing an siRNA tar-
geting Eg5 therefore provides a simple biological readout of
in vitro transfection efficiency. Cell viability of in vitro cell
cultures was assessed using the commercial reagent CellTi-
ter-Blue® (Promega Corp.; Madison, Wis.), a resazurin dye
that is reduced by metabolicallyactive cells to the fluorogenic
product resorufin. The humancolon cancer cell line HT29
was cultured using standard tissue culture techniques. 72
hours after SNALP application, CeilTiter-Blue® reagent was
added to the culture to quantify the metabolic activity of the
cells, which is a measure of cell viability. Data are presented
as a percent ofcell viability relative to (“untreated”) control
cells that recetved phosphate buffered saline (PBS) vehicle
only.

FIG. 1 showsthat the 1:57 SNALP formulation containing
Eg5 2263 U/U siRNA was among the most potent inhibitors
oftumorcell growthat all siRNA concentrations tested(see,
FIG. 1B, Sample 9).

10
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Example 3

ApoB siRNA Formulated as 1:57 SNALP have
Potent Silencing Activity In Vivo

SNALPformulations were prepared with an siRNA target-

ing apolipoprotein B (ApoB)as the nucleic acid component.

ApoBis the main apolipoprotein of chylomicrons and low

density lipoproteins (LDL). Mutations in ApoBare associ-
ated with hypercholesterolemia. ApoB occurs in the plasma

in 2 main forms, ApoB48 and ApoB 100, whichare synthe-

sized in the intestine andliver, respectively, due to an organ-

specific stop codon. The ApoB siRNA usedin this studyis

provided in Table 3. The modifications involved introducing
2'OMe-uridine or 2'OMe-guanosine at selected positions in

the sense and antisense strands of the ApoB siRNA sequence,

in which the siRNA duplex contained less than about 20%
2'OMe-modified nucleotides.

TABLI GI 3

siRNA duplex comprising sense and antisense ApoB RNA polynucleotides.

Modi- SEQ ID % 2'OMe- % Modified in
Position fication ApoB siRNA sequence No: Modified DS Region

10048 U2/2 G1/2 5'-AGUGUCAUCACACUGAAUACC-3'! 3 7/42 = 16.7% 7/38 = 18.4%

31 -GUUCACAGUAGUGUGACUUAU-5" 4

 137955.
-refer to the distribApoB Tm SColumn 2:   

250Column 3:  
or additionally comprise 2'-deoxy-2'-fluoro

Ss, and/or locked nucleic acid
4: The number and percentage of 2'OMe-“nod fied nucleotides in the siXNA duplex are provided.The number and vercentage of modi

 
(M03) nucleoti
 umn 5:
duplex are provided.

 

 

40

ion of 2'OMe
d nuclectides are indicated in bold ard underlined. The siRNA duplex can alternati

(en nuciectides,

he number refers to the nucleotide position of the 5' base of the sense strand relative to the mouseXM
chemical modifications in each strand.

vely
2'-deoxy nucleotides, 2'-O-(2-metnoxyethyl)s. LNA) nucleot

cleotides in the double-stranded (DS) region of the siRNA

The lipid components and physical characteristics of the
formulations are summarized in Table 4. Thelipid:drug ratio
is described in units of mg total lipid per mg nucleic acid.
Mean particle size and polydispersity were measured on a
MalvernInstruments Zetasizer. Encapsulation ofnucleic acid
was measured using a Ribogreen assay essentially as
described in Heyes et al., Journal of Controlled Release,
107:276-287 (2005).

 
TABLE 4 

  Characteristics of the SNALP formulations usedin this study.

 

        
Formulation Composition Lipid/Drug Finished Product Characterization

Group Lipid Name & Mole % Ratio Size (um) Polydispersity % Encapsulation

2 PEG(2000)-C-DMAIDLinDMAIDPPCCholesterol 2.4 59 0.15 93
2/40/10/48

3 PEG(2000)-C-DMAIDLinDMAiCholesterol 0.7 55 O17 91
2.2144.4153.3

4 PEG(2000)-C-DMAIDLinDMA!DOPC|Cholesterol 2.5 59 0.16 92
2140/10/48

5 EG(2000}-C-DMA!DLinDMA!DMPCiCholesterol 2.2 56 0.11 92
2140/10/48

6 PEG(2000)-C-DMAIDLinDMAIDPPE|Cholesterol 3.8 66 0.16 93
-8136.4118.2143.6

7 PEG(2000}-C-DMA!IDLinDMAIDPPC!Cholestanol 2.4 56 0.12 92
2140/10/48

8 PEG(2000)-C-DMA/DLinDMA|DPPC Cholesterol 6.5 60 0.10 93
4127.016.8164.9

9 PEG(2000)-C-DMA/|DLinDMA|DPPC |Cholesterol 8.1 74 0.13 92
-3125.3/12.7/60.8
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TABLE4-continued

74

Characteristics of the SNALP formulations used in this study.

Formulation Composition Lipid/Diug

Group Tipid Name & Mole % Ratio

10 PEG(2000)-C-DMAIDLinDMAIDPPC!|Cholesterol 19.2
2.5|25.0/12.5|60.0

11 PEG(2000)-C-DMA|DLinDMAIDPPC|Cholesterol 17.8
1.4157.117.4134.3

12. PEG(2000)-C-DMAIDLinDMAIDPPC|Cholesterol 23.6
1.0140.4/10.1148.5

13. PEG(2000)-C-DMAIDLinDMAIDPPC 8.7
2170/28

14. PEG(2000)-C-DMAIDLinDMAIDPPC 11.3
1.6154.7'43.8

BALB/c mice (female,at least 4 weeks old) were obtained
from Harlan Labs. After an acclimation period (of at least 7
days), animals were administered SNALP by intravenous
(IV)injection in the lateral tail vein once daily on Study Day
0 (1 dose total per animal). Dosage was 1 mg encapsulated
siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 ul). As a negative control, one
group of animals was given an IV injection of phosphate
bufferedsaline (PBS) vehicle. On Study Day2, animals were
euthanized andlivertissue was collected in RNAlater.

Liver tissues were analyzed for ApoB mRNA levels nor-

malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNAlevels using the QuantiGene assay (Pa-

nomics; Fremont, Calif.) essentially as described in Judgeet

al., Molecular Therapy, 13:494 (2006).

FIG. 2 showsthat the 1:57 SNALP formulation containing

ApoB10048 U2/2 G1/2 siRNA wasthe most potent at reduc-
ing ApoBexpression in vivo (see, Group 11).

Example 4

ApoB siRNA Formulated as 1:57 SNALP have
Potent Silencing Activity In Vivo

SNALP formulations were prepared with the ApoB siRNA

set forth in ‘Lable 3. ‘Lhe lipid components and physical char-
acteristics ofthe formulations are summarizedin ‘lable 5.'Vhe

lipid:drug ratio is described in units of mgtotal lipid per mg

nucleic acid. Meanparticle size and polydispersity were mea-
sured on a Malvern Instruments Zetasizer. Encapsulation of
nucleic acid was measured using a Ribogreen assay essen-
tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).

TABLE5

Characteristics of the SNALP formulations used in this study. 

SNALP Particle Size
(L:D ratio} siRNA Payload (Polydispersity) % Encapsulation

2:30 (13) ApoB-10048U2/2 G1/2 65 nm (0.16) 88
1:57(9) ApoB-10048 U2/2 G1/2 74 nm(0.10) 89

The 2:30 SNALP formulation used in this study is lipid
composition 2:30:20:48 as described in molar percentages of
PEG-C-DMA, DLinDMA, DSPC, and cholesterol (in that

Finished Product Characterization

Size (am) Polydispersity % Encapsulation

60 0.13 93

79 0,09 94

72 0.11 93

2B 0.09 87

65 0.11 87
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order). This formulation was prepared bysyringe press at an
input lipid to drug (L:D) ratio (mg:mg)of 13:1.

The 1:57 SNALP formulation used in this study is lipid
composition 1.5:57.1:7:34.3 as described in molar percent-

ages ofPEG-C-DMA, DIinDDMA, DPPC, and cholesterol (in

that order). This formulation was prepared by syringepress at

an input lipid to drug (L:D) ratio (mg:mg) of 9:1.

BALB/c mice (female, 4 weeks old) were obtained from

Harlan Labs. After an acclimation period (ofatleast 7 days),

animals were administered SNALP by intravenous (IV)

injection in thelateraltail vein once daily on Study Days0, 1,
2,3 & 4 fora total of 5 doses per animal. Daily dosage was

either 1.0 (for 2:30 SNALP) or 0.1 (for 1:57 SNALP) mg

encapsulated siRNA per kg body weight, corresponding to 10

ml/kg (roundedto the nearest 10 wl). As a negative control,

one group of animals was given IVinjections of phosphate

buffered saline (PBS) vehicle. On Study Day7, 72 h after the
last treatment, animals were euthanized andliver tissue was
collected in RNAlater.

Liver tissues were analyzed for ApoB mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nomics; Fremont, Calif.) essentially as described in Judge et
al., Molecular Therapy, 13:494 (2006).

FIG. 3 showsthat the 1:57 SNALP containingApoB 10048
U2/2 G1/2 siRNA was more than 10 timesas efficacious as

the 2:30 SNALP in mediating ApoBgenesilencing in mouse
liver at a 10-fold lower dose.

Example 5

ApoB siRNA Formulated as 1:57 or 1:62 SNALP
have Potent Silencing Activity In Vivo

SNALP formulations were prepared with theApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics ofthe formulations are summarized in Table 6. The

lipid:drug ratio is described in units of mg total lipid per mg
nucleic acid. Meanparticle size and polydispersity were mea-
sured on a Malvern Instruments Zetasizer. Encapsulation of
nucleic acid was measured using a Ribogreen assay essen-
tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).
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TABLE6
76

Characteristics of the SNALP formulations usedin this study.

 
Formulation Composition Lipid/Dmug

Group Lipid Name & Mole % Ratio

2 PEG(2000)-C-DMA!IDLinDMAIDPPC|Cholestero! 8.9
4157.117.1134.3

3 PEG(2000)-C-DMAiDLinDMA|Cholesterol 8.1
5161.5136.9

4 PEG(2000)-C-DMAIDODMAIDPPC|Cholestero] 9.0
A157.117.1134.3

5 PEG(5000)-C-DMA/DLinDMAIDPPCICholesterol 9.6
4157.117.1134.3

6 PEG(2000)-C-DMAIDLinDMAIDPPCiChelestanol 8.9
4157.117.1134.3

7 PEG(2000)-C-DMA/DLinDMAIDPPE Cholesterol 8.9
4157.117.1134.3

8 PEG(2000)-C-DMA/|DLinDMAIDPPC 8.6
-8170.2/28.1

BALB/c mice (female,at least 4 weeks old) were obtained

from Harlan Labs. After an acclimation period (ofat least 7

days), animals were administered SNALP by intravenous

(IV) injection in the lateral tail vein once daily on Study Day

0.1 dose total per animal). Dosage was 0.75 mg encapsulated ”

siRNA per kg body weight, corresponding to 10 ml/kg

(rounded to the nearest 10 pl). As a negative control, one

group of animals was given an IV injection of phosphate

buffered saline (PBS) vehicle. On Study Day 2, animals were
euthanized andliver tissue was collected in RNAlater.

35

Finished Product Characterization

Size (mm) Polydispersity % Encapsulation

16 0.06 89

16 0.04 86

72 0.05 95

52 0.16 89

68 0.10 94

72 0.07 95

74 0.13 86

Example 6

ApoB siRNA Formulated as 1:62 SNALP have
Potent Silencing Activity In Vivo

SNALPformulations were prepared with the ApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics ofthe formulations are summarized in Table 7. The

lipid:drug ratio is described in units of mg total lipid per mg
nucleic acid. Meanparticle size and polydispersity were mea-
sured on a Malvern Instruments Zetasizer. Encapsulation of
nucleic acid was measured using a Ribogreen assay essen-
tially as described in Heyes et al., Journal of Controlled
Release, 107:276-287 (2005).

TABLE 7

Characteristics of the SNALP formulations used in this study.

Formulation Composition, Mole %

Group PEG(2000)-C-DMA!DLinDMA|Cholestero!

 

2 1.5161.5|36.9
3 1.4154.8143.8
4 2.0161.2|36.7
5 1.8154.5143.6
6 1.3168.1 [30.6
7 1.2/61.8137.1
8 1.7167.8130.5
9 1.4156.3142.3

10 1.9'61.3|36.8
ll 1.8156.1142.1
12 1.3166.7/32.0
13 1.2/61.7|37.0
14 1.7/66.4|31.9
15 1.5161.5|36.9

Liver tissues were analyzed forApoB mRNAlevels nor-

malized against glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) mRNAlevels using the QuantiGene assay (Pa-

nomics; Fremont, Calif.) essentially as described in Judgeet
al., Molecular Therapy, 13:494 (2006).

FIG. 4 showsthat the 1:57 and 1:62 SNALP formulations

had comparable ApoBsilencing activity in vivo (see, e.g.,
Groups 2 & 3).

60

65

Lipid/Drug Finished Product Characterization

Ratio Size (nm) Polydispersity % Encapsulation

6.1 80 0.07 92
6.6 74 0.05 89
6.2 71 O11 91
6.7 67 0.09 91
74 91 0.06 89
8.0 87 0.10 90
7.6 81 0.07 91
8.6 75 0.11 92
8.2 7 0.10 91
8.8 70 0.10 90
9.5 89 0.09 &9

10.0 7 0.10 91
9.6 82 0.11 90

10.1 79 0.10 91

 
BALB/c mice (female,at least 4 weeks old) were obtained

from Harlan Labs. After an acclimation period (ofat least 7

days), animals were administered SNALP byintravenous

(IV)injection in thelateral tail vein once daily on Study Day
0 (1 dosetotal per animal). Dosage was 0.1 mg encapsulated

siRNA per kg body weight, corresponding to 10 ml/kg
(rounded to the nearest 10 pl). As a negative control, one
group of animals was given an IV injection of phosphate
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buffered saline (PBS) vehicle. On Study Day 2, animals were
euthanized andlivertissue was collected in RNAlater.

Liver tissues were analyzed for ApoB mRNA levels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nomics; Fremont, Calif.) essentially as described in Judgeet
al., Molecular Therapy, 13:494 (2006).

FIG. 5 showsthat the 1:62 SNAL.P formulation was one of

the most potent inhibitors ofApoB expression at two different
lipid:drug ratios (i.e., 6.1 & 10.1) among the phospholipid-
free SNALP formulations tested (see, Groups 2 & 15).

Example 7

In Vivo Silencing of ApoB Expression Using 1:57
SNALPPrepared Via a Syringe Press or Gear Pump

Process

This study illustrates a comparison ofthe tolerability and ,
efficacy ofthe 1:57 SNALP formulation withApoB-targeting
siRNAas prepared by various manufacturing processes. In
particular, 1:57 SNALP was prepared by a syringe press or
gear pump process using either PBS orcitrate buffer (post-
blend dilution) and administered intravenouslyin mice.
Experimental Design

Animal Model: Female BALB/c mice, 5 wks old, n=4 per
group/cage.

siRNA payload: ApoB 10048 U2/2 G1/2 siRNA.
Tolerability:

IVInjection

Lipid
Group Formulation siRNA mg/kg mg/kg

1 PBSvehicle Standard
10 mL/kg volume

2 1/57 Citrate Direct Dil, Syringe Press 7 7
3 1157 PBS Direct Dil, Syringe Press 7 96
4 1157 PBSDirect Dil, Gear Pump 7 79
5 1157 Citrate Direct Dil, Syringe Press 9 99
6 1157 PBS Disect Dil, Syringe Press 9 123
7 1157 PBS Direct Dil, Gear Pump 9 102

Lfficacy:

IV Injection

Lipid
Group Formulation siRNA mg/kg mg/kg

8 PBSvehicle Standard 10 mL/kg volume
9 1157 PBSDirect Dil, Syringe Press 0.05 0.68

10-1157 PBSDirect Dil, Gear Pump 0.05 0.57
11-1157 PBS Dizect Dil, Syringe Press 01 1.36
12-1157 PBS Direct Dil, Gear Pump O1 1.13

Formulation:

Formulations are provided at 0.005 to 0.9 mg siRNA/mL,
0.22 um filter sterilized in crimp top vials.

Formulation Details:

1. Lipid composition “1157 Citrate blend” used in this
study is 1.4:57.1:7.1:34.3 as described in molar percent-
ages of PEG-C-DMA, DLinDMA, DPPC, and choles-
terol (in that order). This formulation has an input lipid
to drug ratio of8.9.

2. Gear pumpset up included 0.8 mm T-connector and 400
mL/min speed.
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3. siRNA used in this study is apoB-10048 U2/2 G1/2
sIRNA.

Formulation Summary:

Particle Size

1:57 (9:1) + DOW Zavg % Final L:D
siRNA (mm) Poly Encap (mg:mg)

322-050807-1 Syringe PBS Blend 79 0,12 92 13.6
322-050807-2 Syringe Citrate 86 O11 91 11.0

Blend
322-050807-3 Gear PBS Blend 80 0.09 93 11.3

Procedures

Treatment: Just prior to the first treatment, animals are
weighed and dose amountsare calculated based onthe weight
ofindividual animals (equivalent to 10 mL/kg, rounded to the
nearest 10 ul). Test article is administered by IV injection
through the tail vein once on Day0 (1 dose total per animal).
Bodyweight is measureddaily (every 24 h)for the duration of
the study. Cage-side observations are taken daily in concert
with body weight measurements and additionally as war-
ranted.

Group 1-7 Endpoint: Animals are sacrificed on Day 1, 24h
after test article administration. Blood1s collected by cardiac
puncture upon sacrifice. Whole amountis collected into a
SSTmicrotainer for serum. Clot for 30 (to 60) min at room
temp., centrifuge for 5 min at 16,000xg & 16° C., invert to
confirm centrifugation is complete, and store at 4° C. Analyze
complete small-animalclinical chemistry panel plus ASTand
SDH.Top priority list: ALT, AST, SDH, Bilirubin, Alkaline
Phosphatase, GGT, BUN, CPK, Glucose. Secondary priority
list: Creatinine, Albumin, Globulin, Total Protein.

Group 8-12 Endpoint: Animals are sacrificed on Day 2, 48
h after test article administration. Bloodis collected bycar-
diac puncture and processed for plasma. Immediately centri-
fuge for 5 min at 16,000xg (at 16° C.). Record any observa-
tions of unusual plasma appearance. Pipette off clear plasma
supernatant into a clean microfuge tube and store at -80° C.
The following tissues are removed and weighed separately:
liver and spleen. The bottom (unattached) half ofthe left liver
lobe is detached and submerged in =5 volumes of RNAlater
(<0.3 gin 1.5 mL RNAlater in 2.0 mL tube), stored at least 16
hours at 4° C. prior to analysis and long term storage at ~20°
C. or -80° C. for archival purposes. Formulations are
expected to be well tolerated. Mice which exhibit signs of
distress associated with the treatment are terminated at the
discretion of the vivarium staff,

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylazine; then cardiac puncture is performed fol-
lowedby cervical dislocation.

Data Analysis: Tolerability of treatment regime is moni-
tored by animal appearance and behavior as well as body
weight. Blood clinical chemistry is measured by automated
analyzer. ApoB and GAPDH mRNAlevelsin liver are mea-
sured via QG assay. ApoB protein in plasma is measured via
ELISA.Total cholesterol in plasma is measured via standard
enzymatic/colorimetric assay.
Results

There was no body weightloss or change in animal appear-
ance/behavior upon administration of the 1:57 SNALP for-
mulations. FIG. 6 showsthat the tolerability of SNALP pre-
pared by citrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters. There was a tolerability difference between
syringe citrate and syringe PBSat constant siRNA dosage,
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but that was likely an artifact dependenton the different final
lipid:drug (L:D)ratios of these two preparations.

FIG. 7 showsthat the efficacy ofthe 1:57 SNALPprepared
by gear pump was similar to the same SNALP prepared by
syringe press. Thetolerability profile was improved with the
gear pump process, which could be attributed to increased
initial encapsulation rate and decreasedfinal L:D ratio.

Example 8

In Vivo Silencing ofApoB Expression Using 1:57
SNALP Prepared Via a Direet Dilution or In-Line

Dilution Process

This study illustrates a comparison ofthe tolerability and
efficacyofthe 1:57 SNALP formulation withApoB-targeting
siRNA as prepared by a direct dilution or in-line dilution
process at an input lipid to drug ratio of 6:1 or 9:1.
Experimental Design

Animal Model: Female BALB/c mice, 7 wks old.

siRNA payload: ApoB 10048 U2/2 G1/2 siRNA.
CBCiff:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

1 3 PBS — —
2 3 1157 SNALP (9:1) 7 mg/kg 71 mg/kg
3 3 1157 SNALP (9:1) 11 mg/kg 112 mg/kg

Clinical Chemistry:

# IV Dosage

Group Mice Test Article Encap. siRNA Total Lipid

4 4 PBS
5 4 1157 SNALP (9:13 9 mg/kg 92 mg/kg
6 4 1157 SNALP (9:13 1i mg/kg 112 mg/kg
7 4 (6:1) New 1157 SNALP il mg/kg 78 mg/kg
8 4 (6:1) New 1157 SNALP 13 mg/kg 93 mg/kg
9 4 (6:1) New 1157 SNALP 15 mg/kg 107 mg/kg

10 4 (6:1) New 1!57 SNALP 17 mg/kg 121 mg/kg
11 4 1157 SNALP (9:1) 11 mg/kg 112 mg/kg

Activity:

# IV Dosage

Group Mice ‘lest Article Encap. siKNA ‘Total Lipid

12 4 PBS _— _—
13 4 1157 SNALP (9:1) 0.05 mg/kg 0.51 mg/kg
14 4 1157 SNALP (9:1) O..mg/kg 1.02 mg/kg
15 4 1157 SNALP (9:1) 0.2 mg/kg 2.04 me/ke
16 4 (6:1) New 1157 SNALP 0.05 mg/kg 0.36 mg/kg
17 4 (6:1) New 1157 SNALP 0.1 mg/kg 0.71 mg/kg
18 4 (6:1) New 1157 SNALP 0.2 mg/kg 1.42 mg/kg
19 4 (6:1) New 1157 SNALP 0.4 mg/kg 2.85 mg/kg

Formulation:

Formulations are provided at 0.005 to 1.7 mg siRNA/mL,
0.22 wm filter sterilized in crimp top vials.

Formulation Details:

1. “1157 SNALP”used in this study is lipid composition
1.4:57.1:7.1:34.3 as described in molar percentages of
PEG-C-DMA, DLinDMA, DPPC, and cholesterol (in
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that order). This formulation was prepared by gear pump
at an inputlipid to drug ratio of 9:1 (28 mM lipids) or 6:1
(14 mMlipids).

2. siRNA used in this study is apoB-10048 U2/2 G1/2
siRNA.

Formulation Summary:

Particle Size

1157 SNALP Zavg Final L:D
Gear PBS In-Line (um) Poly %Encap (mg:ng)

322-051407-1 Input 9:1 78 0.07 93 10.2
322-051407-2 Input 6:1 81 0.05 92 7A

Procedures

Treatment: Just prior to the first treatment, animals are
weighed and dose amountsare calculated based on the weight
ofindividual animals (equivalent to 10 mL/kg, rounded to the
nearest 10 ul). Test article is administered by IV injection
throughthe tail vein once on Day 0 (1 dose total per animal).
Body weight is measured daily (every 24 h) for the duration of
the study. Cage-side observations are taken daily in concert
with body weight measurements and additionally as war-
ranted.

Endpoint: Animals are sacrificed on Day 1, 24 h after test
article administration (Grps 1-10) or on Day 2, 48hafter test
article administration (Grps 11-19).

Groups 1-3: Bloodis collected by cardiac puncture upon
sacrifice. Whole amount is collected into an EDTA micro-

tainer, mixed immediately to prevent coagulation, and sent
for analysis of CBC/Diff profile. Perform brief necropsy.

Groups 4-11: Blood is collected by cardiac puncture into a
SST microtainer for serum. Clot for 30 (to 60) min at room
temp., centrifuge for 5 min at 16,000xg & 16° C., invert to
confirm centrifugation is complete, and store at 4° C. Analyze
complete small-animalclinical chemistry panel plus AST and
SDI. Top priority list! ALT, AST, SDI, Bilirubin, Alkaline
Phosphatase, GGT, BUN, CPK, Glucose. Secondary priority
list: Creatinine, Albumin, Globulin, Total Protein. Perform
brief necropsy.

Groups 12-19: Blood is collected by cardiac puncture and
processed for plasma: immediately centrifuge for 5 min at
16,000xg (at 16° C.). Record any observations of unusual
plasma appearance. Pipette off clear plasma supernatantinto
a clean microfuge tube and store at -80° C. The following
tissues are removed:liver. The liver is not weighed; the bot-
tom (unattached) half of the left liver lobe is detached and
submerged in 25 volumes of RNAlater (<0.3 g in 1.5 mL
RNAlater in 2.0 mL tube), stored at least 16 hours at 4° C.
prior to analysis and long term storage at -80° C. Formula-
tions are expected to be well tolerated. Mice which exhibit
signs of distress associated with the treatment are terminated
at the discretion of the vivarium staff.

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylazine; then cardiac puncture is performed fol-
lowed by cervical dislocation.

Data Analysis: Tolerability of treatment regime is moni-
tored by animal appearance and behavior, and body weight.
Blood clinical chemistry and CBC/Diffprofile is measured
by automated analyzer. LiverApoB mRNAis measured using
the QuantiGene Assay. Plasma ApoB-100 is measured using
ELISA. Plasmatotal cholesterol is measured using a standard
enzymatic assay.
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Results

Tolerability:
FIG. 8 shows that there was very litle effect on body

weight 24 hoursafter 1:57 SNALP administration. The maxi-
mum weight loss of 3.6+0.7% was observed at the highest
drug dose of 17 mg/kg. There was also no obvious change in
animal appearance/behaviorat anyof the dosagestested.

FIG. 9 showsthat there were no obvious changesinplatelet
count. Reduction of platelets can cause the meanplatelet
volume to increase as the body produces new platelets in
compensation for the treatment-related decrease. Under the
conditions of this study, the mean platelet volume did not
change in SNALP-treated groups.

FIG. 10 shows that clinically significant liver enzyme
elevations (3xUT.N) occurred at drug dosages of 11 mg/kg for
1:57 SNALPata lipid:drug (L:D)ratio of 10, and at 13 mg/kg
ata L:D of 7. A slight dose response trend upwardsinplasma
total protein and globulin was also observed.
Efficacy:

FIG. 11 shows that based on the livermRNA QuantiGene
analysis, the potency ofthe lower L: D SNALPwasas good as
that of the higher L:D SNALPatthe tested drug dosages. In
fact, the ApoBsilencing activity was identical at the 0.05 and
0.1 mg/kg dosages. As such, the potency of the 1:57 SNALP
at a 6:1 input L:Dratio (final ratio of 7:1) was similar to the
potency ofthe 1:57 SNALPat a 9:1 input L:D ratio(final ratio
of 10:1) at reducing ApoB expression.

FIG. 12 shows that ApoB protein and total cholesterol
levels were reducedto a similar extent by the 1:57 SNALPat
a 6:1 input L:Dratio (final ratio of 7:1) and the 1:57 SNALP
at a 9:1 input L.:Dratio (final ratio of 10:1).
Therapeutic Index:

This study demonstrates that both the 1:57 SNALPat a 6:1
input L:Dratio (final ratio of7:1) and the 1:57 SNALPat a 9:1
input L:D ratio (final ratio of 10:1) caused about 60% ApoB
liver mRNAsilencing with a drug dose of 0.1 mg/kg.Inter-
polating fromthe available data points in FIG. 10, a 10:1 final
L:Dratio at 10 mg/kg may cause a similar degree of enzyme

siRNA
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elevation as a 7:1 final L:D ratio at 13 mg/kg. Using these
activity and toxicity points, the therapeutic index for the 1:57
SNALPat a 10:1 final L:D ratio is (10 mg/kg)/(0.1 mg/kg)
—100 and the therapeutic index for the 1:57 SNALPat a 7:1
final L:D ratio is (13 mg/kg)/(0.1 mg/kg)~130. Using this
dataset, the therapeutic index for the 1:57 SNALP at a 7:1
final L:D ratio is 30% greater than the therapeutic index for
the 1:57 SNALPat a 10:1 final L:D ratio.

Example 9

In Vivo Silencing of PLK-1 Expression Using 1:57
SNALP Increases Survival of Hep3B Tumor-Bearing

Mice

SNALP containing polo-like kinase 1 (PLK-1) siRNA
(1:57 SNALP formulation: 1.4% PEG-cDMA; 57.1%
DLinDMA;7.1% DPPC; and 34.3%cholesterol) were tested
for their effects on the survival of CD1 nu/nu mice bearing
Hep3Bliver tumors. PLK-1 is a serine/threonine kinase con-
taining two functional domains: (1) a kinase domain; and (2)
a polo-box domain (see, ¢.g., Barr ct al., Nat. Rev. Mol. Cell
Biol., 5:429-440 (2004)). The activity and cellular concentra-
tion of PLK-1 are crucial for the precise regulation ofcell
division. PLK-1 is overexpressed in many cancer types
including hepatomaand colon cancer, and PLK-1 expression
often correlates with poor patient prognosis. Overexpression
ofPLK-1 (wild-type or kinase inactive) results in multinucle-
ation (genetic instability). Hyperactive PLK-1 overrides the
DNA damage checkpoint. Constitutive PLK-1 expression
causes transformation of NIH 3T3 cells. PLK-1 phosphory-
lates the p53 tumor suppressor, thereby inhibiting the pro-
apoptotic effects ofp53. The PLK-1 siRNA usedinthis study
are provided in Table 8. The modifications involved introduc-
ing 2'0Me-uridine or 2'OMe-guanosineat selected positions
in the sense and antisense strands of the PLK-1 siRNA

sequence, in which the siRNA duplex contained less than
about 20% 2'OMe-modified nucleotides.

TABLI OG]

duplexes comprising sense and antisense PLK-1 RNA polynucleotides.

 

SEQ ID % Modified in

siRNA PLK-1 siRNA Sequence NO: DS Region

PLK1424 U4/GU 5'-AGAUCACCCUCCUUAAAUANN-3' 5 6/38 = 15.8%

3 '-NNUCUAGUGGGAGGAAUUUAU-5' 6

PLK1424 U4/G 5 |-AGAUCACCCUCCUUAAAUANN- 3' 5 7/38 = 18.4%

3 '~NNUCUAGUGGGAGGAAUUUAU-5' 7

Column 1:
strand

  
thereof.

 
deoxythymidi e

ribonucleotide having complementarity to the target sequence or the complementary strand

Column 3: The number and percentage of modified nucleozides in the double-stranded (DS} region
of the siRNA duplex are provided.
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Experimental Groups
20 CD1 nu/nu mice were seeded as follows:

# Tumor # SNALP SNALP
Group Mice seeding SNALP Mice dosing 1V dose

A 20to LH. — Lue 1:57 9 Days 11, 14, 10 x 2
B seed 15x10 PLK 1424 9 17, 21,25,28, mg/kg

Hep3B 1:57 32, 35, 39, 42

Test Articles

All samples werefilter-sterilized prior to dilution to work-
ing concentration. All tubes were labeled with the formula-
tion date, lipid composition, and nucleic acid concentration.
SNALPsamples were provided at 0.2 mg/ml nucleic acid. A
minimum of 20 ml of each SNALP wasrequired to perform
the study. Formulationsfor this study contained:

Group Test Article Description

A Lue U/U SNALP1:57 (28 mMlipid)
B PLE1424 U4/GU SNALP1:57 (28 11Mlipid)

PLK1424 U4/G SNALP 1:57 (28 mMlipid)

Procedures

Day 0 Mice will receive Anafen by SC injection (100 pg in 20
ul saline) immediately prior to surgery. Individual mice are
anesthetized by isoflourane gas inhalation and eye lube
applied to prevent excessive eye drying. While maintained
under gas anesthesia from a nose cone, a single 1.5 cm
incision across the midline will be made belowthe ster-

num. The left lateral hepatic lobe is then exteriorized using
an autoclaved cotton wool bud. 25 yl of tumorcells sus-
pended in PBSis injectedinto the lobe at a shallow angle
using a leur tip Hamilton syringe (50 ul) and 30 G 2")
needle. Cells will be injected slowly (~30 s) and a swab
applied to the puncture wound immediately after needle
withdrawal. After any bleeding has stopped (~1 min), the
incision is closed with 5-6 sutures in the muscle wall and

3-4 skin clips. Cell suspensions will be thoroughly mixed
immediately prior to each injection. Mice will recover
from anesthesia in a clean cage lined with paper towel and
monitored closely for 2-4 hours. Animalsare thenreturned
to normal housing.

Day 1 All mice will belightly anesthetized by isoflourane gas
and the sutures examined. Animals will then receive

Anafen by SC injection (100 pg in 20 pl saline).
Day 10 Mice will be randomized into the appropriate treat-

ment groups.
Day11 Groups A,B—Day11: All Animals will be adminis-

tered SNALPat 2 mg/kg by IVinjection via thelateral tail

“be#

Group

35

40

45

50

Mice

20 to
B seed

vein. Mice will be dosed according to body weight (10
ml/kg). Dosing will be repeated for 5 consecutive days
based oninitial weight.

Day 14-35 Groups A,B—Days 14, 17, 21, 25, 28, 32, 35: All
Animals will be re-administered SNALP at 2 mg/kg by [V

65

84

injection via the lateral tail vein. Mice will be dosed
according to body weight (10 ml/kg).

Sacrifice Assay

When Survival
moribund Body Weights

Body weights Groups: Mice will be weighed on the day of
dosing for 5 weeks, then twice weekly until close of the
study.

Endpoint: Tumor burden and formulations are expected to
be well tolerated. Mice that exhibit signs of distress
associated with the treatmentor tumorburdenare termi-
nated atthe discretion of the vivarium staff.

Termination: Mice are anesthetized with a lethal dose of

ketamine/xylazine followed by cervical dislocation.
Data Analysis: Survival and body weights are assayed.
Results

FIG, 13 shows the mean body weights of mice during
therapeutic dosing of PLK1424 SNALPin the [lep3B intra-
hepatic (I.H.) tumor model. The treatment regimen was well
tolerated with no apparentsigns oftreatment-relatedtoxicity.

FIG. 14 shows that treatment with 1:57 SNALP-formu-

lated PLK1424 caused a significant increasein the survival of
Hep3B tumor-bearing mice. This in vivo anti-tumor effect
was observed in the absence of any apparent toxicity or
immunestimulation.

Example 10

In Vivo Silencing of PLK-1 Expression Using 1:57
SNALPInduces TumorCell Apoptosis in Hep3B

Tumor-Bearing Mice

The objectives of this study were as follows:
1. To determine the level ofmRNAsilencing in established

Hep3Bliver tumors followingasingle IV administration
of PLK1424 SNALP.

2. To confirm the mechanism of mRNA silencing by
detecting specificRNA cleavage products using RACE-
PCR.

3. To confirm induction of tumor cell apoptosis by histo-
pathology.

The 1:57 SNALP formulation (1.4% PEG-cDMA; 57.1%
DLinDMA; 7.1% DPPC; and 34.3% cholesterol) was used
for this study.
Experimental Groups

20 SCID/beige mice were seeded as follows:

Tumor # SNALP
seeding SNALP Mice dosingIV Sacrifice Assay

LH. PBS 6 1x2 24hafter Tumor QG
1x 10° Lue 1:57 mey/kg treatment Tumor RACE-PCR
Hep3B PLK 1424 7 Day 20 Histopathology

1:57

Test Articles

All samples werefilter-sterilized prior to dilution to work-
ing concentration. All tubes were labeled with the formula-
tion date, lipid composition, and nucleic acid concentration.
SNALP samples were provided at 0.2 mg/ml nucleic acid. A
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minimum of 2 ml of SNALP was required to perform the
study. Formulations for this study contained:

Group Test Article Description

A FBS
B Luc U/U 1:57 SNALP
Cc PLK1424 U4/GU 1:57 SNALP

Procedures

Day0 Mice will receive Anafen by SC injection (100 ug in 20
ul saline) immediately prior to surgery. Individual mice are
anesthetized by isoflourane gas inhalation and eye lube
applied to prevent excessive eye drying. While maintained
under gas anesthesia from a nose cone, a single 1.5 cm
incision across the midline will be made below thester-

num.‘he left lateral hepatic lobe is then exteriorized using
an autoclaved cotton wool bud. 25 ul of tumorcells sus-
pended in PBSis injected into the lobe at a shallowangle
using a leur tip Hamilton syringe (50 pl) and 30 G (34")
needle. Cells will be injected slowly (~30 s) and a swab
applied to the puncture wound immediately after needle
withdrawal. After any bleeding has stopped (~1 min), the
muscle wall incision is closed with 5-6 sutures. The skin

incision is then closed with 3-4 metal skin clips. Cell sus-
pensions will be thoroughly mixed immediately prior to
each injection. Mice will recover from anesthesia in a clean
cage lined with paper towel and monitored closely for 2-4
hours. Animals are then returned to normal housing.

Day 1 All mice will belightly anesthetized by isoflourane gas
and the sutures examined. Animals will then receive

Anafen by SC injection (100 pg in 20 ul saline).
Day 7 Micewill be randomizedinto the appropriate treatment

groups.

Day 20 Groups A-C: Mice will be weighed and then admin-
istered either PBS, Luc, or PLK1424 SNALPby IVinjec-
tion via the lateral tail vein. SNALP will be dosed at 2

mg/kg or equivalent volume (10 ml/kg) according to body
weight.

Day 21 Groups A-C: All mice will be weighed and then
euthanized bylethal anesthesia.
Tumorbearing liver lobes fromall mice in each group will

be weighed and collected into RNALater for RNA
analysis.

Endpoint: Tumor burden and formulations are expected to
be well tolerated. Mice that exhibit signs of distress
associated with the treatment or tumor burdenare termi-
natedat the discretion ofthe vivarium staff.

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylazine followed by cervical dislocation.
Data Analysis: mRNA analysis of liver tumors by bDNA

(QG)assay and RACE-PCR.
Tumorcell apoptosis by histopathology.

Results

Body weights were monitored from Day 14 onwards to
assess tumor progression. On Day 20, 6 mice showinggreat-
est weight loss were randomized into each ofthe 3 groups and
treated. All six mice had substantial-large I.H. tumorsat sac-
rifice (Day 21). Treatment of the remaining 14 mice was
therefore initiated on the Day 21 (sacrifice Day 22). 10/14
mice had substantial tumors; 2/14 mice had small/probable
tumors; and 2/14 mice had no visible tumor burden.

FIG. 15 shows data from Quantigene assays used to mea-
sure human(tumor)-specific PLK-1 mRNAlevels. A single 2
mg/kg dose of 1:57 SNALP reduced PLK-1 mRNAlevels by
about 50%in intrahepatic Hep3B tumors growing in mice.
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FIG. 16 showsthat a specific cleavage product of PLK-1
mRNAwasdetectable in mice treated with PLK1424 SNALP

by 5' RACE-PCR.Nospecific PCR product was detectable in
mice treated with either PBS or control (Luc) SNALP. Nucle-
otide sequencing of the PCR product confirmedthe predicted
cleavage site by PLK1424 siRNA-mediated RNA interfer-
ence in the PLK-1 mRNA.

FIG. 17 shows Hep3Btumorhistology in mice treated with
either Luc SNALP(top) or PLK1424 SNALP(bottom). Luc
SNALP-treated mice displayed normal mitoses in Hep3B
tumors, whereas PLK1424 SNALP-treated mice exhibited

numerous aberrant mitoses and tumorcell apoptosis in
Hep3Btumors.
Conclusion

This example illustrates that a single administration of
PLK1424 1:57 SNALP to Hep3B tumor-bearing mice
induced significant in vivo silencing of PL.K-1 mRNA. This
reduction in PLK-1 mRNA was confirmed to be mediated by
RNAinterference using 5' RACE-PCRanalysis. Importantly,
PLK-1 mRNAsilencing by the 1:57 SNALP formulation
profoundlydisrupted tumorcell proliferation (mitosis), caus-
ing subsequent apoptosis of tumorcells. As demonstrated in
the previous example, this anti-tumor effect translated into
extended survival times in the tumor-bearing mice.

 

Example 11

Comparison of 1:57 PLK-1 SNALP Containing
Either PEG-cDMA or PEG-cDSA in a Subcutaneous

Hep3B Tumor Model

This example demonstrates the utility of the PEG-lipid
PEG-cDSA(3-N-[(-Methoxypoly(ethylene glycol}2000)car-
bamoyl]-1,2-distearyloxypropylamine) in the 1:57 formula-
tion for systemically targeting distal (e.g., subcutaneous)
tumors. In particular, this example compares the tumortar-
geting ability of 1:57 PLK-1 SNALPscontaining either PEG-
cDMA (C,,) or PEG-cDSA (Cg). Readouts are tumor
growth inhibition and PLK1 mRNA silencing. The PLK-1
siRNAused was PLK1424 U4/GU,the sequence of whichis
provided in Table 8.

Subcutaneous (S.C.) Hep3B tumors were established in
scid/beige mice. Multidose anti-tumor efficacy of 1:57
PLK-1 SNALP wasevaluated for the following groups (n=5
for each group): (1) “Luc-cDMA”-PEG-cDMA Luc SNALP;
(2) “PLK-cDMA”-PEG-cDMA PLK-1 SNALP; and (3)
“PLK-cDSA”-PEG-cDSA PLK-1 SNALP. Administration of

6x2 mg/kg siRNA was initiated once tumors reached about 5
mm in diameter (Day 10). Dosing was performed on Days10,
12, 14, 17, 19, and 21. Tumors were measured by caliper
twice weekly.

FIG. 18 shows that multiple doses of 1:57 PLK-1 SNALP
containing PEG-cDSA inducedthe regression of established
Hep3B S.C. tumors. In particular, 5/5 tumors in the PLK1-
cDSAtreated mice appeared flat, measurable only bydiscol-
oration at the tumorsite.

FIG. 19 shows the mRNAsilencing of 1:57 PLK SNALPin
S.C. Hep3B tumors following a single intravenous SNALP
administration. The extent of silencing observed with the
PLK1-cDSA SNALPcorrelated with the anti-tumoractivity
in the multi-dose study shown in FIG.18.

The Luc-cDMA SNALP-treated group, which had devel-
oped large S.C. tumors at Day 24, were then administered
PLK-cDSA SNALPon Days24, 26, 28, 31, 33, and35. There
was no additional dosing of the original PLK-1 SNALP-
treated groups. The results from this crossover dosing study
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with large established tumors is provided in FIG. 20, which
showsthat PLK1-cDSA SNALPinhibited the growth of large
5.C. Hep3B tumors.

A comparisonofthe effect ofPEG-cDMAand PEG-cDSA
1:57 SNALPs on PLK-1 mRNA silencing was performed
using, established intrahepatic Hep3B tumors in scid/beige
mice. A single 2 mg/kg dose of 1:57 PLK-1 SNALPcontain-
ing either PEG-cDMA or PEG-cDSA wasadministered intra-
venously. Liver/tumor samples were collected at 24 and 96
hours after SNALP treatment. Control=2 mg/kg Luc-cDMA
SNALPat 24 hours.

FIG. 21 shows that PLK-cDMA SNALP and PLK-cDSA

SNALPhadsimilar silencing activities after 24 hours, but that
the PLK-cDSA SNALP mayincreasethe duration ofmRNA
silencing in intrahepatic tumors.

FIG. 22 showsthe blood clearanceprofile of 1:57 PLK-1
SNALP containing either PEG-cDMA or PEG-cDSA. The
extended blood circulation times observed for the PLK-

cDSA SNALP may enable the increased accumulation and
activity at distal (e.g., subcutaneous) tumorsites.

Thus, this study showsthat the 1:57 PEG-cDSA SNALP
formulation can be used to preferentially target tumors out-
side ofthe liver, whereas the 1:57 PEG-cDMA SNALPcan be
used to preferentially target the liver.

Example 12

Synthesis of Cholesteryl-2'-Hydroxyethyl Ether

Step 1: A 250 ml round bottomflask containing cholesterol
(5.0 g, 12.9 mmol) andastir bar was sealed and flushed with
nitrogen. Toluenesulphony! chloride (5.0 g, 26.2 mmol) was
weighed into a separate 100-mL round bottom flask, also
sealed and flushed with nitrogen.Anhydrous pyridine (2x50
ml) was delivered to each flask. The toluenesulphonyl chlo-
ride solution was then transferred, via cannula, into the 250
ml flask, and the reaction stirred overnight. The pyridine was
removed by rotovap, and methanol (80 iml) added to the
residue. This was thenstirred for 1 hour until ahomogeneous
suspension was obtained. The suspension was filtered,
washed with acetonitrile (50 ml), and dried under vacuum to
yield cholesteryl tosylate as a fluffy white solid (6.0 g, 86%).

Step 2: Cholesteryl tosylate (2.0 g, 3.7 mmol), 1,4-dioxane
(50 mL), and ethylene glycol (4.6 g, 74 mmol) were added to
a 100 mlflask containingastir bar. The flask wasfitted with

SEQUENCE LISTING

10

35

40

88

a condenser, and refluxed overnight. The dioxane was then
removed by rotovap, and the reaction mixture suspended in
water (100 ml). The solution wastransferred to a separating
funnel and extracted with chloroform (3x100 ml). The
organic phases were combined, washed with water (2x150
ml), dried over magnesium sulphate, and the solvent
removed. The crude product waspurified by column chroma-
tography (5%acetone/hexane)to yield the productas a white
solid (1.1 g, 69%).

Thestructures of the cholesterol derivatives cholesteryl-2'-
hydroxyethyl ether and cholesteryl-4'-hydroxybuty] ether are
as follows:

HO
NANG

Cholesteryl-2'-hydroxyethy! ether

HOLS™oO

Cholestery!-4’-hydroxyethyl ether

It is to be understoodthat the above descriptionis intended
to be illustrative and notrestrictive. Many embodiments will
be apparentto those of skill in the art upon reading the above
description. The scope of the invention should, therefore, be
determined not with reference to the above description, but
should instead be determined with reference to the appended
claims, along with the full scope ofequivalents to which such
claimsare entitled. The disclosures ofall articles and refer-

ences, including patent applications, patents, PCT publica-
tions, and Genbank Accession Nos., are incorporated herein
by referencefor all purposes.

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence<220> FEATURE:

<223> OTHER INFORMATION: synthetic E5 kinesin-related protein 2263 U/U
siRNA sense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic ES kinesin-related protein 2263 U/U siRNA sense strand
of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (2)... (19)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 1
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-continued

engaagaccn gaagacaann n 21

<210> SEQ ID NO 2
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic E5 kinesin-related protein 2263 U/U
siRNA antisense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic ES kinesin-related protein 2263 U/U siRNA antisense
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (16)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 2

auugucunca ggncuncagn n 21

<210> SEQ ID NO 3
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 siRNA sense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (14}
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 3

agunucanca cacngaauac c 21

<210> SEQ ID NO 4
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 siRNA antisense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modifiedbase
<222> LOCATION: (7)... (9)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modifiedbase
<222> LOCATION: (19)... (19)
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 4

uauncanunu gaugacacnu g 21

<210> SEQ ID NO 5
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1) PLK1424
u4/GU and PLK1424 U4/G siRNA sense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/GU and PLK1424
u4/G siRNA sense strand of siRNA duplex

Page 223 of 695 PagelD #: 7014
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<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (18)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide

complementary to target complementary sequence

<400> SEQUENCE: 5

agancacccn ccunaaanan n 21

PLK1424

siRNA antisense

<210> SEQ ID NO 6
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence<220> FEATURE:
<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1)

u4/GU siRNA antisense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/GU
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)... (8)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (17)... (17)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide

complementary to target sequence

<400> SEQUENCE: 6

uauuuaanga gggugancun n 21

PLK1424

<210> SEQ ID NO 7
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence<220> FEATURE:
<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1)

u4/G siRNA antisense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/G siRNA antisense
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (9)... (15)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21)
<223> OTHER INFORMATION: n = deoxythimidine (dT), u or a ribonucleotide

complementary to target sequence

<400> SEQUENCE: 7

uauuuaagna gngunaucun n

Whatis claimedis:

1. A nucleic acid-lipid particle comprising:

(a) a nucleic acid;

(b) a cationic lipid comprising from 50 mol % to 65 mol %
ofthe total lipid present in the particle;

(c)a non-cationic lipid comprising up to 49.5 mol % ofthe

total lipid present in the particle and comprising a mix-
ture of a phospholipid and cholesterol or a derivative
thereof, wherein the cholesterol or derivative thereof

comprises from 30 mol % to 40 mol % ofthetotal lipid
present in the particle; and

o 5

60

65

21

(d) a conjugatedlipid that inhibits aggregation ofparticles
comprising from 0.5 mol %te 2 mol % ofthetotal lipid
present in theparticle.

2. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid comprises an interfering RNA.

3. The nucleic acid-lipid particle of claim 2, wherein the
interfering RNA comprises a smallinterfering RNA (siRNA).

4. The nucleic acid-lipid particle of claim 3, wherein the
siRNA comprises at least one modified nucleotide.

5. The nucleic acid-lipid particle of claim 3, wherein the
siRNA comprises at least one 2'-O-methyl (2'OMe) nucle-
otide.
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6. The nucleic acid-lipid particle of claim 3, wherein the
siRNA is about 19 to about 25 base pairs in length.

7. ‘the nucleic acid-lipid particle of claim 3, wherein the
siRNA comprises 3' overhangs.

8. ‘The nucleic acid-lipid particle of claim 1, wherein the
cationic lipid comprises from 50 mol % to 60 mol % of the
total lipid present in the particle.

9. The nucleic acid-lipid particle of claim 1, wherein the
phospholipid comprises dipalmitoylphosphatidylcholine
(DPPC), distearoylphosphatidylcholine (DSPC), or a mix-
ture thereof.

10. The nucleic acid-lipid particle of claim 1, wherein the
cholesterol or derivative thereof comprises from 30 mol % to
35 mol %ofthetotal lipid presentin the particle.

11. The nucleic acid-lipid particle of claim 1, wherein the
conjugated lipid that inhibits aggregation of particles com-
prises a polyethyleneglycol (PEG)-lipid conjugate.

12. The nucleic acid-lipid particle ofclaim 11, wherein the
PEG-lipid conjugate comprises a PEG-diacylglycerol (PEG-
DAG) conjugate, a PEG-dialkyloxypropyl (PEG-DAA) con-
jugate, or a mixture thereof.

13. The nucleic acid-lipid particle ofclaim 12, wherein the
PEG-DAAconjugate comprises a PEG-dimyristyloxypropy]
(PEG-DMA) conjugate, a PEG-distearyloxypropyl (PEG-
DSA) conjugate, or a mixture thereof.

 

14. The nucleic acid-lipid particle ofclaim 13, wherein the
PEG hasan average molecular weight ofabout 2,000 daltons.

10

94

15. The nucleic acid-lipid particle of claim 1, wherein the
conjugated lipid that inhibits aggregation ofparticles com-
prises from 1 mol %to 2 mol % ofthe total lipid present in the
particle.

16. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid is fully encapsulated in the nucleic acid-lipid
particle.

17. A pharmaceutical composition comprising a nucleic
acid-lipid particle of claim 1 and a pharmaceutically accept-
able carrier.

18. A methodfor introducing a nucleic acid into a cell, the
method comprising:

contacting the cell with a nucleic acid-lipid particle of
claim 1.

19. A methodfor the in vivo delivery of a nucleic acid, the
method comprising:

administering to a mammalian subject a nucleic acid-lipid
particle of claim 1.

20. A methodfortreating a disease or disorder in a mam-
malian subject in need thereof, the method comprising:

administering to the mammalian subject a therapeutically
effective amount ofa nucleic acid-lipid particle ofclaim
1.

21. The method of claim 20, wherein the disease or disor-
der is a viral infection.

22. The method of claim 20, wherein the disease or disor-
deris a liver disease or disorder.

23. The methodof claim 20, wherein the disease or disor-
der is cancer.
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1
LIPID FORMULATIONS FOR NUCLEIC ACID

DELIVERY

CROSS-REPURENCHS TO RELAPED
APPLICATIONS

The present application is a continuation of US. applica-
tion Ser. No. 13/928.309, filed Jun. 26. 2013. which applica-
Hion is a continuation of Ser. No. 13/253.917, filed Oci. 5.

2011. new US. Pai. No. 8.492.359. which application is a
contiguation of Ser. No. 12/424.367 filed Apr. 13. 2009. new
U.S, Pat. No. $.058.069, which application claims priority to
US. Provisional Application No. 61/045,228. filed Apr. 15.
2008. the disclosures of which are herein incorporated by
reference in their entiretyfor all purposes.

SUATEMENT REGARDING FEDERALLY
SPONSORED RESEARCTIOR DEVELOPMENT

Not applicable.

NAMES OF PARTIES TO 4 JOINT RESHARCTI
AGREEMENT

Not applicable.

REFERENCE TO A“SEQUENCT: LISTING.” A
TABLE. OR A COMPUTER PROGRAM LISTING

APPENDIX SUBMITTIED AS AN ASCID TEXT
PILE

The Sequence | isting written in Gle-77-3.UX7, created on
Aug. 22. 2013. 8.192 bytes. machiae format IBM-PC. MS-
Windows operaliag system. is hereby incorporated byrefer-
ance in its entiretyfor all purposes.

BACKGROUND OF THI: INVENTION

RNA interference (RNAis an evolutionarily conserved
process in which recognition of double-stranded RNA
(a4sRNA) olumately leads to positranseripuional suppression
of gene expression. This suppression is mediated by short
dsRNA,also called small interferme RNA (siRNA). which
induces specific degradation of mRNA through complemen-
lary base pairing. In several model systems. this natural
response has been developed into a powerlul tool for the
investigation of gene fonction (see. ec... Ebashiretal.. Geves
Dev, 13:188-200 (2001). Hammend et al.. Nat. Rew Geret..
2:110-119 (20013). More recently. it was discovered that
intraduemy synthetic 2l-nucleotide dsRNA duplexes into 5
mummaliin cells could cliciently silence gene expression,

Although the precise mechanism is still unclear, RNAi
provides a potential new approachto downreaulate or silence
the transcription and translation of a gene ofinterest. For
example, itis desirable to modulate (e.g... reduce) the expres- 35
sion ofcertain genes for the treatment of neoplastic disorders
such as cancer.It is also desirable tosilence the expressioa of
genes associated with liver diseases and disorders such as
hepatitis. (tis further desirable te reduce the expression of
certain genes for the ireaiment ofatherosclerosis and iis
manilestations. e.g... hypercholesterolemia. myocardial inf
arclion. and thrombosis.

A sale and elfcetive nucleic acid delivery system is
required for RNAI to be therapeutically useful. Viral vectors
are relatively efficient pene delivery systems, but suffer from
a variety oflimitations. such as the potential lor reversion to
the wild-type as well as immune response concerns. As a
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result. nonviral gene delivery systems are receiving increas-
Ing aitention (Worgall ct al. dfmen Gene Therapy, 8:37
(1997), Peeters ct al., ffaimai Gene Therapy, 7:1693 (1996),
Yeietal.. Gere Pherapy, 1.192 (1994), Hope etal. Molecular
Membrane Biology. 13.1 (1998). Furthermore. viral systems
are rapidly cleared fromthe circulation. limiting transfection
io “First-pass” organs such as the lungs, liver. and splcen. In
addition, these systems induce immune responses that com-
promise delivery with subsequent injections.

Plasmid DNA-cationic liposome complexes are currently
the most commonly employed nonviral gene delivery
vehicles (Feipner, Scientific American, 276:102 (1997),
Chonn et al. Current Option in Biotechnology, 6:698
(1993)). For iistance. cationic liposome complexes made of
an amphipathic compound. a neutral lipid. and a detergent for
iransfecting insect cells are disclosed im US. Pat. No. 6,458,
382. Cationic liposome complexes are also disclosed im US.
Patent Publication Ne. 20030073640.

Cationic liposome complexes are larae. poorly defined
systems that are not suited for systemic applications and can
elicit considerable toxic side efivets (furrison et al., Biotech-
nigues, 19816 (1995): Lietal., fhe Gene, 4:891 (1997) Tam
etal. Gere Ther, 71867 (20009), As large. positively charged
aggregates. lipoplexes are rapidly cleared when administered
ia vive. with highest expression levels observed in first-pass
organs, particularly the lungs (uang et al., Nature Biotech-
nology, 15.620) (1997), Templetonet al. Nature Blotechnoal-
ogy, 15:647 (1997): Hofland otal. Pharniaceitical Research,
14:742 (19979).

Other liposomal delivery sysiems include, for example, the
use ofreverse micelles, anionic liposomes. and polymerlipo-
somes. Reverse micelles are disclosed m U.S. Pat. Ne. 6.429,

200, Anionic hposomes are disclosed in U.S. Patent Publica-
tion Ne, 20030026831. Polymer liposomes that incorporate
dextrin or plycerol-phosphocholine polymers are disclosed in
US. Patent Publication Nos. 20020081736 und

20030082103. respectively.
A gene deliverysystemcontaining an encapsulated nucleic

acid for systemic delivery should be small (i.e.. less than
about 100 nm diameter) and should remain intact mm the cir-
culation for an extended period of time m order to achieve
delivery to affected tissues. This requires a highly stable.
serum-resistant qucleic acid-containing particle that does aot
iMleract with cells and other components ofthe vascular com-
pariment. The particle should also readilyinteract with target
cells ata diseasesite in ordertofacilitate intracellular delivery
ofa desired aucleic acid.

Recent work has shown that nucleic acids can be encapsu-
lated in smail (c.g... about 70 om diimeter) “stabilized plas-
mid-lipid particles” (SPLP) that consist of a single plasmid
encapsulated within a bilayer lipid vesicle (Wheeler ct al.,
Gene Therapy. 6:271 (1999)), These SPLPs typically contain
the “fusogenic” lipid dioleoyiphosphatidylethanclamine
(DOPI), low levels of cationic lipid, und are stabilized in
aqucous media by the presence of a poly(cthylene glycol)
(PEG) coating. SPLPs have systemic application as they
exhibit extended circulation lifetimes following intravenous
(.v.) injection. accumulate preferentially at distal wmor sites
due to the enhanced vascular permeability in such regions,
and can meduite transgene expression at these tumorsites.
The levels oftransgene expression observed at the morsite
following iv. injection of SPLLPs containing the locilerase
marker gene are superior to the levels that can be achieved
employing plasmid DNA-cationic liposome complexes (li-
poplexes) or naked DONA.

Thos. there remains a strone need in the art lor novel and
more efficient methads and compositions for introducing
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nucleic acids such as siRNA inte cells. la addition. thereis a

need in the art for methods ofdownregulating the expression
af genes ofinterest to treat or prevent discuses and disorders
such as cancer and atherosclerosis. The present invention
addresses these and other needs.

BRIE SUMMARY OF TUE INVENTION

The present invention provides novel, serum-stable lipid
particles comprising one or More active agents or therapeutic
agents. methods of making the lipid particles. and methods of
delivering and/or administering the lipid particles (e.g.. for
the ireaiment ofa disease or disarder).

In preferred embodiments. the active agent or therapeutic
agent is folly encapsulated withinthe lipid portion ofthe lipid
particle such that the active agent or therapentic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation. ¢.2.. by a nuclease or protease. In other preferred
embodimenis, the lipid particles are substaniially non-toxic
to mammuls such us humans.

In one aspect, the present invention provideslipid particles
comprisiag: (a) one or more active agents or therapeutic
agents: (by one or more cationic lipids comprising from about
30 mol % to about $5 mol % of the total lipid present in the
particle: (c) one or more non-cutionic lipids comprising from
about 13 mol %to about 49.5 mol %ofthe total lipid present
in the particle: aad (dj one or more conjugated lipids that
inhibit agerevation of particles comprising from about 0.5
mol %te about 2 mol %ofthe total lipid present m the 3
particle.

More particularly. the present invention provides scrum-
stable nucleic acid-lipid particles (SNALP) comprising a
nucleic acid (¢.2.. one or more interfering RNA molecules
such as siRNA. aiRNA, and/or miRNA). methods of making ;
the SNAI.P and methods ofdelivering and/or udminisicring
the SNALP(e.g.. for the treatment of adisease or disorder).

In certain embodiments. the nucleic acid-lipid particle
(2.2.. SNALP) comprises: (a) a nucleic acid (2.2... an interter-
ing RNA}: (b) a cationic lipid comprising from about 50 mol
%o to about 85 mol %ofthe total lipid present in the particle:
(¢} a aon-cationic lipid comprising from about 13 mal % ta
about 49.5 mal % ofthe total lipid present ia the particle: and
(d) a conjugated lipid that inhibits aggregation of particles
comprising from about 0.5 mol %to about 2 mol %ofthe total
lipid present in the particle.

In one preferred embodiment. the aucleic acid-lipid par-
licle (a... SNALP) comprises: (a) an siRNA: (b) a cationic
lipid comprising from about 56.5 mol %to about 66.5 mol %
af the total lipid present in the particle: (c) cholesicrel or a
derivative thercofcomprising fromabout 31.5 mol %to about
42.5 mol % of the total lipid present in the particle: and (d) a
P1G-lipid conjugate comprisiag from about 1 mol %% to about
2 mol %ofthe total lipid present inthe particle. This preferred
embodiment of nucleic acid-lipid particle is generally
referred to hereias the “1:62” formulation,

In another preferred embodiment. the nucleic acid-lipid
particle (¢.g.. SNALP) comprises: (a) an siRNA: (b) a cat-
ionic lipid comprising from about 52 mol %6 to about 62 mol
%o of the total lipid present in the particle, (c) a mixture ofa
phospholipid and cholesteral or a derivative thereofcompris-
ing from about 36 mol % to about 47 mol % ofthe total lipid
present in the particle: and (a) a PIXG-lipid conjugate com-
posing from about ] mol %to about 2 mol %ofthe total lipid
present in the particle. Uhis preferred embodiment ofnucicic
acid-lipid particle is generallyreferred to hergia as the "1:37"
formulation.
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The present mvention also provides pharmaceutical com-
positions comprising a lipid particle desertbed herein (ec...
SNALP) and a pharmuceutically acceptable carrier.

In angiker aspect, the present invention provides methods
for introducing an active agent or therapeutic agent (e.2..
aucleic acid) into a cell. the method comprising contacting
the cell with a lipid particle described heremsuch as a aneleic
acid-lipid particle (c.g... SNALP).

In yet anotheraspeet, the present invention provides meth-
ods for the in vive delivery of an active agent or therapeutic
agent (2.2. aucleic acid). the method comprising administer-
Ing joa munmaliin subject a lipid particle described hercin
such as a nucleic acid-lipid particle (c.2., SNALP).

Jaa forther aspect. the present invention provides methods
for treating a disease or disorder ina mammalian subject in
need thereal the method comprising administering to the
mammalian subject a therapeutically cllective amount of a
lipid particle deseribed hercin such as a nucleic acid-lipid
particle (2... SNALP).

Other objects. features. and advantages of the present
invention will be apparent to one ofskill in the art fromthe
following detuled descripiion and figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A (Samples 1-8) and FG. 1B (Samples 9-16) ilhis-
irate data demonstrating the activity of 1:57 SNALP contain-
ig Fes siRNA in a human colon cancer cell line.

PIG. 2 illustrates data demonstrating the activiry of 1:57
SNALP containing ApoB siRNA following intravenous
adnnisiravien in mice.

VIG. 3 illustrates additional data demonstrating the activity
of 1:57 SNALP containiag Apol? siRNA following intrave-
fous administration in mice. ach bar represents the group
meun offive animals. [rror burs indicaic the standard devia-
ion.

GIG. 4 illustrates daia demonstrating the activity of 1:57
and 1:62 SNALPcontaining AposiRNA following intrave-
aous administration i mice.

IG. 5 illustrates daia demonstrating the activity of 1:62
SNALP containing ApoB siRNA following intravenous
administration in mice.

PIG. 6A (expressed as TU/(.) and FIG. 613 (expressed as
x-Pold Upper (Limit of Normal) illustrate data demonstrating
that the tolerability of 1:57 SNALPcontaming ApoB siRNA
prepared bycitrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemistry
parameters,

VIG. FA (expressed as liver ApoB:GAPD mRNA ratio),
FIG. 71 (expressed as relative plasma ApoB-100 concentra-
dion}, and FIGs. 7C (expressed as plasma total cholesterol!
illustrate data demonstrating that the efficacy of 1:57 SNALP
containing ApoB siRNA prepared by gear pump was similar
io the same SNALPprepared by syringe press.

(IG. 8 lustraics daia demonstrating that there was very
liule effect on body weight 24 hours alter administration of
1:57 SNALPcontaining Apold siRNA.

PIG. 9 illustrates data demonstrating that there were no
obvious changes inplatelet count alter administration of1:57
SNALP contaming ApoB siRNA.

PIG. LOA (expressed as W/L.) and FIGs. LOB (expressed as
x-Pold Upper (Limit of Normal) illustrate data demonstrating
that climeally significant Iver enzyme elevations (xU1.N)
occured at paruicular drug dosages of 1:57 SNALPcontain-
ing Apol3 siRNA.

PIG. ILA (@xpressed as liver Apold:GAPD mRNA ratio)
and FIG. 1103 (expressed as relative plasma Apol-100 con-
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centration) illustrate data demonstrating that the potency of
the lower lipid:drug (1D) 1:57 SNALP contaming ApoB
sIRNA was as good as that of the higher 1:1 SNALPat the
tested drug dosages.

PES. 12 illustrates data demonstrating that ApoB protein
and total cholesterol levels were reduced to a similar extent by
1:57 SNAIL Pcontaming ApoB siRNAata 6c] mput 1:1 rate
(inal ratio of 7:1) and 1:57 SNALP ata QO) inpot 10 rave
(inal ratio of 10:7).

PES. 13 illustrates data demonstrating that a treatment
regimen of 1:57 SNALP with siRNA targeting PLEK-1 is well
tolerated wiih no apparent signs of treatment related toxicity
in mice bearmy [iep3B liver tumors.

PES. 14 illustrates data demonstrating that treatment with
1:57 SNALP containing PLLK-1 siRNA caused a significant
increase in the survival of Hep3B tumor-bearing mice.

(is. 15 ihistrates data demonstrating thai ireaiment with
1:57 SNALP contaming PLK-] siRNA reduced PILK-1
mRNAlevels by 50% in intrahepatic Hep3B tumors growing,
in mice 24 hours after SNALP administration.

(is. 16 Wlusirates data demonstrating that a specific cleay-
age product of PIK-] mRNA was detectable by 5° RACH-
PCR in mice treated with 1:57 SNALP containing PIK-1
SIRNA. 10 wl PCR product/well were loaded anta a 1.5%
agarose gel, Lane Nos.: (1) molecular wei2ht (MW) marker:
(2) PBS mouse t: (3) PISS mouse 2: (4) PS mouse 3, (5) Luc
SNALP mouse 1. (6) Luc SNALP mouse 2. (7) PLE SNALP
mouse 1: (8) PLE SNALP mouse 2: (9) PLK SNALP mouse
3: and (10) no template control.

PES. 17 illustrates data demonstrating that control (Luc) 3
1:57 SNAIL P-treated mice displayed normal mitoses in
(icp3B tumors (top puncls). whercas mice treated with 1:57
SNALPcontaining PLK-] siRNA exhibited numerous aber-
rant mitoses and tumor cell apoptosis in ep3B tumors (bot-
tom panels).

(is. 18 ihistrates data demonstrating that mulupic doses
of 1:57 PLK-] SNAP containing Pis-cDSA induced the
regression ofestablished Hep3B subcutaneons (S.C j tumors.

PES. 19 illustrates data demonstrating PULK-1 mRNA
silencing using 1:57 PLK SNALP in S.C. Hep3l3 tumors
following a single mtiravenous SNAIL Padmiuistration.

(is. 20 Wusirates data demonsirating that PILK-t Pic
eDSA SNALP inhibited the growth of large S.C. Hep3B
twmors.

(is. 21 illustraics data demonstrating tumor-derived
PLK-] mRNAsilencing in [ep3B intrahepatic tumors.

PEGS. 22 illustrates daia demonstrating the blood clearance
profile of 1:57 PLK-1 SNALP containing either PEG-cDMA
or PHG-cDSA.

DISPAILED DESCRIPTION OF TUE INVENTION

1. Jntreduetion

‘The present invenuionis based, impart, upon the surprising 55
discoverythat lipid particles comprising from about 3) mol %
lo about 85 mol % ofa cationic lipid. from about 13 mol % to
about 49.5 mol % of a nen-cationic lipid. and from about 0.5
mol %to about 2 mol %ofa lipid conjugate provide advin-
tages whenused for the 1n vitro or in vivodelivery ofan active
agent. such as a therapeutic nucleic acid (e.g... an interlering,
RN.A). In particular. as illustrated bythe Examples herein. the
present invention provides stable nucleic acid-lipid particles
(SNALP) that advantageously impart increased activityofthe
encapsulated nuclete acid (c.p.. an interfering RNA such as
s#RNA) and improvedtolerability ofthe formulations in vivo.
resulting 19 a significant increase in the therapeutic mdex as
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compared to nucleic acid-lipid particle compositions previ-
ously described. Additionally. the SNAI_ P ofthe invention are
stable in circulation. c.g. resistant io degradation by
nucleases in serum, and are substantially non-toxic to mam-
mals such as humans. As a non-limiting example. FIG, 3 of
I:xample 4 shows that one SNALP embodiment of the inven-
von MUS7 SNALP") was more than (0 times as clicacious as
compared toa nucleic acid-lipid particle previously described
(2:30 SNALP") m mediaiing targct pene silencing at a
10-told lower dose. Similarly. FG. 2 of :xample 3 showsthat
the “1:57 SNALP”formulation was substantially more elfec-
ive at silencing the expression ola target pene as compared to
nucleic acid-hpid particles previously described (°2:40
SNALP").

Jn certain embodiments. the present invention provides
improved compositions for the delivery ofinterfering RNA
such as siRNA molecules. In particular, the [Examples herein
illustrate that ihe improved lipid parucle formulations ofthe
iivention are highly effective in downreaulating the mRNA
and/or protein levels of taraet genes. Furthermore. the
Examples herein ilusirate that the presence ofcertain molar
ratios of lipid componenis results in improved or enhanced
nepvily of these lipid particle formulations of the present
invention. For inslance. the “1:57 SNADLP" and “1:62

SNAP” formulations described herein are exemplary for-
maulations ofihe present invenuionthat are particularly advan-
iazcous beeause they provide improved cflicacy and toler-
ability in vivo. are serum-stable. are substantially non-toxic.
are capable of accessiag extravascular sites. and are capable
of reaching target cell populations.

The lipid particles and compositions ofthe present inven-
dion may be used for a variety of purposes. includimy the
delivery of associated or encapsulated therapentic agents tw
calls. both in vitra and im vive. Accordinaly. the present
iivention provides methods lor treating diseases or disorders
ina subject m need thereat, by contacting the subject with a
lipid particle described herein comprising onc or more suit-
able therapeutic agents.

Various exemplary embodiments ofthe lipid particles of
ihe invention. as well as compositions and formulations com-
prising the same. and their use to deliver therapeutic apents
and modulate target gene and protein expression. are
described in further detail below.

if. Definitions

As used herein. the following terms have the meanings
ascribed to them unless specified otherwise.

The term “interfcring RNA” or “RNAI” or “interfering
RNA sequence”refers to single-siranded RNA (e.g., mature
nukRNA) or double-stranded RNA (1... duplex RNA such as
siRNA. aiRNA.or pre-miRNA) that is capable ofreducing or
inhibiting the expression ofa target pene or sequence (¢.2.. by
mediating the degradation or intubiiing the translation of
mRNAs which are complementary to the interfcring RNA
sequence) whenthe interfering RNA js imthe same cell as the
target aene or sequence. Intertering RNA thus refers to the
single-stranded RNA that is complementary to a taraet
mRNA sequence or to the double-stranded RNA formed by
two complementary strands or bya single. self-complemen-
tary strand. Interfering RNA may have subsianual or com-
plete identityto the target gene or sequence. of may comprise
a region of mismatch (1c. a mismatch motif. The sequence
of the interlermg RNA can correspond to the tull-lengthtar-

S pet gene. or a subsequence thercol.
Interfering RNA includes “small-interfering RNA” or

“SIRNA.” og. interleriag RNA of about 15-60. 15-30. or
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15-40 (duplex) nucleotides in leneth. more typically about
15-30. 15-25. or 19-25 (duplex) nucleotides m length, and is
preferably about 20-24. 21-22, or 21-23 (duplex) nucleotides
in length (c.g... cuch complementary sequence of the double-
stranded siRNA is 15-60, 15-50. 15-40, 15-30. 15-25. or

19-25 nucleotides in length. preferably about 20-24. 21-22. or
21-23 nucleotides in length, and the double-stranded siRNA
is ubout 15-60. 15-50. 15-40. 15-30. 15-25. or 19-25 base

pairs in leneth. preferably about 18-22. 19-20. or 19-21 base
pairs in length). siRNA duplexes may comprise 3' overhangs
of about 1 to about 4 nucleotides or about 2 to about 3

nucleotides and 3° phosphate termini. Examples of siRNA
include, without limitation. a double-stranded polynuclcoude
molecule assembled trom two separate stranded molecules.
wherein one sirand is the sense strand and the other is the

complementary antisense strand: a double-siranded poly-
nucleotide molecule assembled from a single stranded mol-
ecule. where the sense and antisense regions are linked bya
nucleic acid-based or non-nucleic acid-based linker: a

double-siranded polynucleotide molecule with a hairpin sec-
ondarystructure having self-complementary sense and ant-
sense regions: and a circular single-stranded polynuclcoude
molecule with two or more loop structures and a stem having
self-complemeniary sense and antisense regions. where the
circular polynucleotide can be processed in vivo of in vilro ta
generate an active double-stranded siRNA molecule.

Preferably. siRNA are chemically synthesized. siRNA cun
also be generated by cleavage oflonger dsRNA(e.g... dsRNA
greater than about 25 nucleotides in length) with the £. cali
RNase Hf or Dicer. These enzymes process the dsRNA into
biologically active siRNA (sec. c.g... Yung etal, Proc, Natl
Acad. Sci, USA, 99:9942-0947 (2002), Calegari et al. Proc.
Natl, Acad. Sci, US4, 99:14236 (2002): Byrometal. darbien
fechNotes, 1001 }:4-6 (2003): Kawasaki at al.. Nucleic detds
Res. 31:981-987 (2003), Knight et al., Science, 293:2269-
2271 (2001). and Roberison et al. £ Biol Chenz., 243:82
(1968). Preferably. dsRNA are at least 50 nucleotides to
about 100, 200. 300. 400, ar 500 nucleotides in length. A
dsRNA maybe as long as 1000, 1500. 2000. 5000 nucleatides
in length. or longer. The dsRNA can encode for an entire gene
transcript or a partial gene transcript. In certain instances.
SIRNA may be encoded by a plasmid (¢.g.. transcribed as
sequences that automaticallytold into duplexes with hairpin
loops).

As used herein. the term “mismatch moul or “mismaich

rozton” relers tog portion ofaninterfering RNA(c.g... sIRNA.
aiRNA. miRN.A) sequence that does not have 100% comple-
mentarity to ils target sequence. An interfering RNA may
hive at least one. two. three, four, five, six, or more mismatch

roztons. The mismatch regions muy be contiguous or may be 5
separated by 1. 2. 3, 4.5.6. 7, 8.9. 111. 12, or more
nucleotides. The mismatch motifs or regions may comprise a
single nucleotide or may comprise two. three. four, live. or
more nucleotides.

An “efleetwe amount” or “therapeutically effective
amount” of an active agent or therapeutic agent such as an
interfering RNA is an amount sufficient to produce the
desired effect. ¢.g.. an inhibition of expression of a target
sequence in comparison to the normal expression level
detecied in the absence of an miertering RNA. Intubiion of
expression of a larpel gene or laract sequence is achieved
when the value obtained with an interfering RNArelative ta
the control is about 90%, 85%. 80%, 75%, 70%, 65%, 60%,
55%. 50%. 45%, 40%, 35%, 308%, 25%, 20%, 15%, 10%, So.

or 0%. Suitable assays for meusurmyg expression ofa target
gene of target sequence include. ¢.g.. examination ofprotein
or RNA levels using techniques knownto those of skill in the
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art such as dot blots. gorthern blows. im situ hybridization.
ELISA. immiunoprecipitation, enzyme function, us well as
phenotypic assays knownto those of skill imthe art.

3y “decrease,” “deercasing.” “reduce.”or “reducmg” ofan
imimune response byan interfering RNA js intended to mean
adetectable decrease ofan immune response to a given iMler-
fering RNA (c.g... a modified imterlering RNA). The amount
ofdeercuse ofan immune response by a modified interfering
RNA maybe determined relative to the level of an immune
response in the presence ofan uamodilied interfering RNA. A
detectable decrease can be about 5%. 10%, 15%. 20%. 23%.
30%, 35%. 40%, 45%. 50%, 55%. G08, 65%. 70%. 75%,
80%, 85%, 908, 95%, 100%, or mere lowerthan the immune

response detected in the presence of the namodilied interler-
ig RNA. A decrease in the immune response to interlering
RNAis typically measured by a decrease in cytokine produc-
ion (e.g... IFNy, [FPNe. TNFa, 0-6. or 1).-12) by a responder
cell in vitro ora decrease in cyiokine production in the sera of
a mammalian subject alier administration of the interlering
RNA.

As used herein. the term “responderceil” relers to a cell,
preferably a mammaluin cell. that produces a detectable
itimune response when contacted with an immunostimula-
toryinterfering RNA such as an unmodified siRNA. Pxem-
plary respondercells include. ¢.g.. dendritic cells. macroph-
ages. peripheral blood mononuclear cells (PBMCs),
splenocytes. and the like. Detectable mmmune responses
include. o.g.. production of eylokines or growth factors such
as TNF-a. IFIN-c. TPN-B. IFN-y. IL-1. 10-2. IL-3. 11-4. 10-5.
().-6. 11-10. 11-12. 10-13. TGP. and combinations thereof.

“Substantial identity” refers to a sequence that hybridizes
io a reference sequence under stringent conditions, or to a
sequence that has a specilied percent identity over a specilied
reaion of a reference sequence.

The phrase “stringent hybridization conditions” refers to
conditions under which a nucleic acid will hybridize to its
iarget sequence, typically in a complex mixiure of aueleic
acids. but to no other sequences. Stringent conditions are
saquence-dependent and will be different ia different circum-
stances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the bybndivation of
nucleic acids is found in Tipssen. fechnigues te Blocheniisiry
and Molecular Biology iflvbridization with Nucicic Probes.
“Overviewofprinciples of hybridization and the strategy of
nucleic acid assays” (1993). Generally. strmgent conditions
ure selected io be about 5-10° C. lower than the thermal

melting point (T) lor the specific sequence at a delined ionic
strengih pil The T,,, is the temperature (under defined ionic
strength, pi), and nucleic concentration) at which 50%ofthe
probes complementary to the target hybridize to the target
sequence at equilibrium (as the target sequences are present in
excess. aT. 50% ofthe probes are occupied at equilibrium).
Suingent conditions mayalso be achieved with the addition
of destabilizing agents such as formamide. For selective or
specific hybridization. a positive signal is at least two umes
background. preferably 10 times background hybridization.

ixemplary stringent hybridization conditions can be as
follows: 50% formamide. 3xSS5C. and 1% SDS. incubatingat
42° Cor, 5xSSC, 1%SDS. incubating at 65° C.. with wash
in G.2xSSC, und 0.1%SDS at 65°C. For PCR. a temperature
of about 36° C. is typical for lowstringency amplification.
although annealing temperatures may vary between about
32° C. und 48° C. depending on primer lengih. For high
stringency PCR amplification, a temperature of about 62° C.
1s typical, although high strmgency annculing temperatures
can range from about 30° C. to about 63°C. depending on the
primer leneth and specilicity. Typical cycle conditions lor
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both high and lowstringency amplifications include a dena-
turation phase of 90° C.-95° C. for 30 sec.-2 min., an anneal-
ing phase lasting 30 sec.-2 min.. and an extension phase of
about 72°C. for 1-2 min, Protocols and guidelines for lowand
highstringency amplification reactions are provided. ¢.2.. in
Janis etal.. PCR Protecels, A Guide to Methods and Applt-
cations,Academic Press. Inc. NY. (1990).

Nucleic acids that do not hybridize to cach other under
stringent conditions are still substantially identical if the
polypeptides which they encode are substantiallyidentical.
This accurs. for example. when a copy of a nucleic acid is
created using the maximum codon degeneracypermitted by
the genetic code. In such cases, the nucleic acids typically
hybridive under moderately stringent hybridization condi-
lions. xemplary “moderately stringent hybridization condi-
Hons” include a hybridivation in a buffer of 40% formamide.
iM NaCl. 1%SIDS at 37° C.. and a wash in 1xSSCai 45°C,

A postive hybridizationis at least twice background. Those
ofordinaryskill will readily recoanize that alternative hybrid-
ization and wash conditions can be utilized to provide condi-
tions of similar stringency. Additional guidelines for deter-
mining hybridization parameters are provided in numerous
references. e.2.. Current Protocols in Molecular Biology.
Ausubel et al. eds,

The terms “substantially identical” or “substantial iden-
hity” in the context of two or more nucleic acids. refer to two
or more sequences or subsequences that are the same or have
aspecified percentage of nucleotides that are the same(ie. at
least about 60%. preferably at least about 63%. 70%. 75%.
80%, 85%, 90%, or 95%Identity over a specified region).
when compared and aligned tor maximum correspondence
over a comparison window, or desipnated region as measured
using one of the following sequence comparison alaonthms
or by manual alignment and visual inspection. This defini-
tion, whenthe context ndicates, also refers analogouslyto the 3:
complement of a sequence. Preterably. the substantial iden-
lityexists overaregion that is at least about 5, 10. 15. 20, 25.
30. 35. 40. 45. 50. 55. or G0 nucleotides in length.

Vor sequence comparison. typically one sequence acts as a
reference sequence. to which test sequences are compared.
When using a sequence comparison algorithm. test and ret-
erence sequences are entered into a computer. subsequence
conrdinates are designated. if necessary. and sequence alzo-
rithm program parameters are designated. Default program
parameters cun be used. or alternative parameicrs can be
designated. The sequence comparison algorithm then calcu-
lates the percent sequence identities for the test sequences
relative to the reference sequence. based on the program
parameters.

A “comparison window.”as used herein, includes refer-
ence tou segment of any one of a number of contiguous
positions selected from the group consisting of from about 5
to about 60. usually about 10 to about 45. more usually about
15 to about 30. in which a sequence may be compared io a
reference sequence of the same number of contiguous posi-
lions after the two sequences are oplimially aligned. Methads
ofalignament of sequences for comparison are well known in
the art. Optimal alignment of sequences for comparison can
be conducted, ¢.z., by the local homologyalgornthm of Smith
and Waterman, 4dv Appl, Math. 2:482 (1981). by the homol-
ogy aligament algorithm of Needleman and Woasch. # Mfod,
Bial., 48:443 (1970). by the search for similarity method of
Pearson and lipman. Prec. Natl Acad. Sei, USA, 85:2444
(1988), by computerized implementations of these alzo-
rims (AP. BESTETU, PASTA, and UFASTA in the Wis-
consin Genetics Software Package. Genetics Computer
Group. 375 Science Dr. Madison. Wis.j. or by manvalalign-
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ment aad visual inspection (see. ea. Current Protecals in
Molecular Biology, Ausubel ct al. eds. (1995 supplement).

A preferred example of algorithms that are suitable for
determining, pereent sequence identity and sequence similar-
ity are the BLLAST and BLAST 2.0 algorithms. which are
described in Altschul et al. Mac. Acids Res,, 25:3389-3402

(1977) and Altschul ctal.../ dfo/ Biol, 215:403-410 (1990),
respectively, GLAST and BLAST 2.0 are used. with the
parameters described herein. w determine percent sequence
identity for the nucleic acids of the invention. Software lor
performing BEASTanalyses is publiclyavailable throughthe
National Center for Biotechnology Information (hitp.//ww-
w.ncbiolm nihpow).

The BLASTalgorithm also performs a statistical analysis
ofthe similarity between two sequences (see. 2.2... Karlin and
Altschul, Proc. Nath Acad. Set. USA, 90:5873-5787 (1993)).
One measure ofsinularity provided bythe 31.ASTalgornhm
is the smallest sum probability (P(N}). which provides an
indication of the probability by which a match between two
nucleotide sequences would occur by chance. For example. a
nucleic ucid is considered similar to a reference sequence if
ihe smallest sum probability in a comparison of the test
auclei¢c acid to the reference nucleic acid is less than about

0.2. more preferablyless than about 0.0]. and most preferably
less than about 0.001.

The term “nucleic acid” as used herein refers to a polymer
containing at least two deoxyribonucleotides or ribonucie-
olides in either single- or double-stranded form and includes
DNA and RNA. DNA maybe in the formoff e.g.. antisense
molecules. plasmid INA, pre-condensed DNA, a PCR prod-
uct. vectors (P1, PAC. GAC. YAC, artificial chromosomes),
expression casseties. chimeric sequences, chromosomal
DNA,of derivatives and combinations ofthese groups. RNLA
maybe in the form of siRNA, asymincirical interfering RNLA
GRNA) microRNA (miRNA) mRNA, IRNA, rRNA,
iRNA. viral RNA (WRNA), and combinations thereol,
Nucleic acids include aneleic acids containing known nucle-
otide analogs or modified backbone residues or linkages.
which are synthetic. naturally occurring. and non-natorally
occurring, and which have simular binding properties as the
reference nucleic acid. [:xaumples of such analogs include,
without limitation. phosphorothioates. phosphoraniudates.
methyl phosphonates. chiral-methyl phosphonates. 2'-O-me-
thy] ribonucleotides. and peptide-nucleic acids (PNAs).
Unless specifically Gimited, the term encompasses nucleic
acids containing known analogues ofnatural nucleotides that
have similar binding properties as the reference ancleic acid.
Unless otherwise indicated. a particular nucleic acid
sequence also implicithy cncompusses conservatively modi-
fied vanants thereel (e.g, degenerate codon substitutions),
alleles. orthologs. SNPs. and complementary sequences as
wall as the sequence explicitly indicated. Specilically. degen-
erate codon substitutions may be achieved by generating
sequences in whichthe third position ofone or more selected
for all) codonsis substituted with mixcd-base and/or deoxyi-
nosing residues (Batver et al. Nucleic Acid Res., 19:5081
(1991): Ohtsuka etal.Biol. Cheat. 260:2605-2608 (1985).
Rossolini et al.. Afol, Cell Probes, 891-98 (1994)). “Nucle-
otides” contain a sugar deoxyribose (NA)or ribose (RNA),
a buse. and a phosphate group. Nucleotides are linked
together through the phosphate groups. “Bases” include
purines and pyrimidines. which further include natural com-
pounds adenine. thymine. guanine. cytosine, uracil, inosine,
and natural analogs. and synthetic derivatives of purines und
pyrimidines. which include, but are not limited to. modifica-
tions which place newreactive groups such as. but aot limited
to. amines. alcohols. thiols. carboxylates. and alkythalides.
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The term “gene” refers to a nucleic acid (a.2.. DNA or
RNA) sequence that comprises partial length or entire lengih
coding sequences necessaryfor the production ofa polypep-
tide or precursor polypeptide.

“Gene product.” as used herein. refers to a product ofa
gene such as aa RNA transcript or a polypeptide.

The term“hpid”refers to a group of organic compounds
that include. but are noi limited to, esiers offatty acids and are
charactonzed bybeing insoluble in water. but soluble in many
organic solvents. Theyare usually divided inte at least three
classes: (1) “simple lipids.” which include fats and oils as well
as waxes: (2) “compound lipids.” which include phospholip-
ids and glycolipids: and (3) “derived lipids”such as steroids.

A “lipid particle” is used herein to refer to a lipid formu-
lation that can be used to deliver an active agent or therapentic
agent. such as a nucleic acid (¢.2., an intericring RNA), toa
target site of interest. In the lipid particle of the invention.
which is typically formed from a cationic lipid. a non-cationic
lipid. and a conjugated lipid that prevents aggravation ofthe
particle. the active agent or theranentic agent may be encap-
sulated in the lipid. thereby protecting the agent from envy-
miutic depradation.

As used herein. the term “SNALP”relers toa stable nucleic

acid-lipid particle.ASNALPrepresents a particle made from
lipids (¢.g.. a cationic lipid. a nen-cationic lipid. and a con-
jugated lipid that prevents appregation of the particle).
wherein the nucle acid (e.g. SIRNA, gRNAL miRNA.
ssDNA. dsDNA. ssRNA. short hairpin RNA (shRNA).
dsRNA. or a plasmid. iacioding plasmids from which an
interfering RNA os transcribed) is folly cncupsulated within
the lipid. As used herein. the term “SNAI.P" includes an
SPLP. which is the term used to refer to a nucleic acid-lipid
particle comprising a nucleic acid (e.g... a plasmid) encapsu-
lated within the pid. SNALP and SPLP typically contain a
cationic lipid, a non-cationie lipid. and a lipid conjugate (e.g.
a PHG-lipid conjugate). SNAI.P and SPLP are extremely
useful for systemic applications, as they can exhibit extended
circulation lifetimes following intravenous (i.v.) injection.
theycan accumulate at distal sites (¢.2.. sites physically sepa-
rated fram the adminisiration site). and they cun mediate
expression ofthe transfected gene or silencing oftarget gene
expressionat these distal sites. SPL_P include “pSPLP” which
comprise an encapsulated condensing agent-nuclei acid
complex as set forth in PCT Publication No. WO O0/03683.
the disclosure ofwhich is herein incorporated by reference in
its entiretyforall purposes.

The lipid particles ofthe invention (¢.2.. SNALP) typically
have a mean diameter offrom about 40 am to about 150 am.
from about 501mio about 150.nm. from about 60 nmto about
i30nm. from about 70 nmte about 110 nm, or from abou70

to about 90 am, and ure substantially non-toxic. In addition.
nucleic acids. when present in the lipid particles of the inven-
Won. are resislaal in aqueous solution to degradation with a
nuclease. Nuclei ueid-lipid particles and their method of
preparation are disclosed m, e.g. US. Patent Publication
Nos. 20040142025 and 20070042031. the disclosures of

which are herein incorporated by reference in their entirety
for all purposes.

As used herein. “lipid encupsulated” can refer to a lipid
particle that provides an active agent or therapentic agent.
such as a nucleic acid (¢.g.. an imterlering RNA). with full
encapsulation. partial encapsulation. or both. laa preferred
embodimeni. the nucleic acid is fully encapsulated mmthe lipid
particle (c.g. to form an SPLP, pSPI.PB SNALP. or other
nucleie acid-lipid particle).

The term“lipid conjugate”refers to a conjugated lipid that
inhibits ageresation oflipid particles. Such lipid conjugates
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include. but are not limited to. polyamide oligomers (e.2..
AUTA-lipid conjugates). Pis-lipid conjugates. such as PEG
coupled to dialkyloxypropyls, PIG coupled to diacylglycer-
ols. PIs coupled to cholesteral. PNGcoupled to phosphati-
dylethanolamines. PIG conjugated to ceramides (see. 2.2.
U.S. Pat. No, 3.885.613. the disclosure of which is herein

incorporated by reference im iy entirety for all purposes),
cationic PI lipids, and mixtures thereof, PEG can be con-
jugated directlyto the lipid or maybe linked to the lipid via a
linker moiety. Any linker moiety suitable for conpling the
PEGwa lipid can be used including. ¢.2.. noa-ester contain-
ing Jinker moicties and ester-containing linker moicties. In
preferred embodiments, non-csicr contaming linker moicties
are used,

The term “amphipathic lipid” refers. in part. w anysuitable
material wherein the hydrophobic portion of the lipid mute-
nal ericnts into a hydrophobic phase, while the bydrophilic
peruion orients toward the aqueous phase. Hydrophilic char-
acteristics derive from the presence of polar or charged
aroups such as carbohydrates. phosphate. carboxylic. sulfate.
amino, sulfhydryl. nitro. hydroxyl. and other like groups.
Hydrophobicity cun be conterred by the inclusion ofapolar
aroups that include. but are not limited to. long-chain satu-
rated and unsaturated aliphatic hydrocarbon aroups and such
aroups substituled by ane or more aromatic. cycloaliphauc.
or heterocycle group(s}. Examples of amphipathic com-
pounds include. but are noi limited to. phospholipids, amino-
lipids. and sphingolipids.

Representative examples of phospholipids include. but are
not limited io, phosphatidyicholine, phosphatidylcthanola-
ming, phosphatidylserine. phosphatidylinosttal. phospha-
udic acid, palmitoyloleoyl phosphatidylcholine, tysophos-
phatidylcholine. lysophosphatidylethanclamine.
dipalmitoylphosphatidyicholing. dioleoylphosphatidyicho-
line. distcaroylphosphaudyleholine, and dilinoleoyiphos-
phauidyleholine. Other compounds lacking in phosphorus,
such as sphingolipid, ghycosphingolipid families. diacylzlye-
erols. and B-acyloxyacids. are also within the group desig-
nated as amphipathic lipids. Additionally. the amphipathic
lipids deseribed above can be mixed with otherlipids includ-
ing triglycerides und sterols.

The term “neutral lipid” refers to any of a number oflipid
species thal exist gither in an uncharged or neutral switteri-
omc form ata selected pil At physiological pli. such lipids
include. for cxample. diacylphosphatidylcholine.  dia-
cylphosphatidylethunolamine. ceramide. sphingonryelin,
cephalin. cholesterol. cerebrosides. and diacylelycerals.

The term “non-cationic lipid” refers to any amphipathic
lipid as well as any other neniral lipid or anionic lipid.

The term “anionic lipid” refers io any lipid that is nepa-
ively charged at physiological pH. These lipids include. but
are not limited to. phosphatidylelycerols. cardinlipins. dia-
cylphosphatidylserines. diacylphosphatidic acids. N-dade-
canoyl phosphatidylethanolammes. N-succinyl] phosphati-
dylcihanalamines.9N-ghitaryiphosphatidylethanolamines,
lysylphosphatudylalycerols. palmitoyloleyolphosphatidyle-
lyceral (POPC). and other anionic modifying groups joined
to neutral lipids.

The term “cationic lipid”relers io any ofa numberof lipid
species that carry a net positive charge at a selected pl fl. such
as pliysiological pli (e.a.. pl] of about 7.0). It has been sur-
prisiagly found that cationic lipids comprising alkyl chains
with muliiple sites of unsaturation. c.g... al least two or three
sites of unsaturation, are particularly uselul for forming lipid
parucies with increased membrane Ouidity. A number ofcat-
ionic lipids and related analogs. whichare also useful in the
present mvention. have been described in ULS. Patent Publi-
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cation Nos. 20060083780and 20060240354: U.S. Pat. Nos.
5.208.036: 5.264.618; 5.279.833; 5.283.185: 5.753.613, and
§.785,992: and PCT Publication No. WO 96/10390, the dis-

closures ofwhichare herein mcorporated byreference mtheir
antirety for all purposes. Non-limiling examples ofcationic
lipids are described in detail herein. In some cases. the cat-
ionic lipids conrprise a protonatable tertiary amine (c.g... pil
Hitratuble) head group. CUS alkyl chains, ciher linkages
between the head group and alkyl chains. and 0 to 3 double
bonds. Such lipids include. eg. DSDMA. DLinDMA.
DLeaDMA. and DODMA.

The term“hydrophobic lipid”refers to compounds having
apolar groups that include. but are not limited to, long-chain
saturated and nasaturated aliphatic hydrocarbon groups and
such groups oplionallysubstituted by one or more aromatic.
eycloaliphatic. or heterocyclic group(s). Suitable examples
include, but are not limited io, diacylglycerol, dialkylelyc-
erol, No N-dialkylamino, 1,2-diacyloxy-3-aminopropune.
and 1.2-dialkyl-3-aminopropane.

The term“lysogenic” refers to the ability ofa lipid particle.
such as a SNALP, io fuse with the membranes ofacell. The

membranes cun be crther the plasma membrane or mem-
branes surrounding organalles. e.g.. endosome. nucleus. etc.

As used herein. the term “aqueous solution” refers to a
composition Comprising ia whole. or in part. water,

Asused herein. the term“organic lipid solution” reters toa
composilion comprising in whole, or in part, un orgunic sol-
vent having a lipid.

“Distal site.” as used herein. refers toa pliysically separated
site, which is not limited te an adjacent capillary bed, but
includes sites broadly distributed throughout an organism.

“Serumestable” in relation to nucterw acid-lipid particles
such as SNALP means that the particle is aot significantly
degraded afler exposure to a serum or nuclease assay that
would sipnificuntly degrade free DNA or RNA. Suitable
assays include, lor example. a standard serumassy, a DNAse
assay. or an RNAse ussuy.

“Systemic delivery.” as used herein. refers to delivery of
lipid particles that leads to a broad biodistribution ofan active
agent or therapeutic agent such as an mterfering RNA within
an organism. Some techniques of administration can lead to
the systemic delivery of certain agents. but not others. Sys-
lemic delivery means that a useful. preferably therapeutic.
amount of an agent is exposed to most parts of the body. To
obtain bread biodistribution generally requires a blood lile-
time such that the agent is not rapidly degraded or cleared
(such as byfirst pass organs (liver. lua. etc.) or by rapid.
honspeciic cell binding) before reaching a disease site distal
to the site of administration. Systemic delivery oflipid par-
ticles can be by any meuns known in the art including. for
example,intravenous, subcutancous. and iniraperiioneal. Ina
preferred embodiment. systemic deliveryof lipid particles is
byintravenous delivery.

“Local delivery.” as used herein. refers to delivery of an
active agent ortherapeutic agent such as an interfering RNA
directlyto a target site within an organism. For example. an
agent can be locally delivered by direct injection into a dis-
gase site such as a tumor or other target site such as a site of
inflammation or a target organ such as the liver, heart. pun-
ercas. kidney. and thelike.

The term “mammal”relers to any mammalian species such
as a human. mouse. rat. dog. cat. hamster. guinea pig. rabbit.
livestock, and the like.

The term “cancer” refers to any member of a class of
diseases characterized byihe uncontroiled growth ofaberrant
cells. The term includes all known cancers and neoplastic
conditions. whether characterized as malignant. benign. soft
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tissue. or solid. and cancers ofall stages and grades including
pre- and post-metastatic cancers. |:xamples ofdifferent types
of cancer include, but are not limited to, lung cancer, colon
cancer. rectal cancer, anal cuncer, bile duct cancer. small

iMlestine cancer, stomach(gastric) cancer. esophageal cancer:
aallbladder cancer. liver cancer. pancreatic cancer. appendix
cancer. breast cancer. ovarian cancer. cervical cancer. pros-
iate cancer. renal cancer (e.g. renal cell caremoma). cancerot
ihe central nervous system, glioblasioma, skin cancer, lym-
phomas. choriocarcinomas, head and neck cancers, osico-
aenic sarcomas. and bload cancers. Non-limiting examples of
specific types of liver cancer include hepatocellular carci-
noma (FICC). secondaryliver cancer (¢.2.. caused by metasta-
sis of some other non-liver cancercell type). and hepatoblas-
toma. As used herein. a “uimor” comprises one or more
cancerous cells.

Hl. Description of the hmbadiments

The present invention provides novel. scrum-stable lipid
parucles comprising one or more active agentsor therapeutic
agents. methods ofmaking the lipid particles. and methods of
delivering and/or administering the lipid particles (2.2. for
the treatment of a disease or disarder}.

In one aspeet. the present invention provides lipid particles
comprising: (a) one or more active agents or therapeutic
agents: (b) one or more cationic lipids comprising from about
50 mol % to about 83 mol % of the total lipid present in the
parucle: (c} one or more non-caiionic lipids comprising from
about (3 mol %to about 49.5 mol %ofthe total lipid present
in the particle: and (4) one or more conjugated lipids that
iahibit ageresation ofparticles comprising from about 0.5
mol % wo about 2 mol % of the total lipid present in the
particle.

In certain embodiments. the active upent or therapeutic
agentis folly encapsulated within the lipid portion ofthe lipid
particle such that the active agent or therapeutic agent in the
lipid particle is resistant in aqueous solution to enzymatic
degradation. c.g.. by a nucleuse or protease. In certain other
embodiments. the lipid particles are substantially non-toxic
io mammals such as humans.

Ja some embodiments. the active agent or therapeutic agent
comprises a nucleic acid. In certain instances. the nucleic acid
comprises un intertering RNA molecule such as, eg. an
siRNA, aiRNA. mRNA. or mixtures thereof [n ceriain other

iastances. the nucleic acid comprises single-stranded or
double-stranded DNA. RNA. or a DNA/RNA hybrid such as.
c.g. an antisense oligonucleotide. a ribovyme. a plasmid. an
Immunostimulatory oligonucleotide, or mixtures thereol,

In other embodiments, the active agent or therapeutic agent
comprises a peptide or polypeptide. In certain instances. the
peptide or polypeptide comprises an antibodysuchas. ¢.g.. a
polyclonal antibody. a monoclonal antibody. an antibody
fragment: a humanized antibody, a recombinant antibody, a
recombinant human antibody. a Primatized™ antibody. or
mixtures thereof. Ia certain other instances. the peptide or
polypeptide comprises a cytokine. a growth factor. an apop-
totic factor, a dillcrentiation-induemyp Factor. a cell-surtace
receptor, a ligand. a hormone, a small molecule (¢.2., small
orgame molecule or compound). or mixtures thereal,

ln preferred embodiments. the active agent or therapeutic
agent comprises an siRNA. (In one embodimeni. the siRNA
molecule composes a double-stranded region ofubout 15 to
about 60 nucleotides in length (e.g... about 15-60. 15-50,
15-40. 15-30. 15-25. or 19-25 nucleotidesin length. or 15.16.
17,18. 19.20, 21.22. 23. 24. or 25 nucleotides in length). The
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SIRNA molecules ofthe invention are capable ofsilencing the
expression ofa target sequence in vitro and/or in vive,

In some embodiments. ihe siRNA molecule comprises at
least one modified aucleoude. In ceriain preferred embudi-
ments. theRNA molecule comprises one. two. three. four.
five. six. seven. cight. fine. tea. or more modified nucleotides
in the double-stranded region. [In ceriain mstances, the siRNA
comprises from about 1%to about 100%(e.g... about 1%, 5%,
10%. 15%, 20%. 25%. 30%, 35%. 40%, 45%. 50%. 55%,

60%. 63%. 70%. 75%. 80%. 83%. 00%. 95%. or 100%)
modified aucleotides in the double-stranded region. In pre-
ferred embodiments. less than about 25%(e2.. less than
about 25%. 20%, 15%. 10%, er 5%) or from about 1%to
about 25% (a.2.. from about 1%-25%, 3%-25%. 10%-25%.
15%-25%, 20%-25%. or 10%-20%) ofthe ancleatides in the
double-stranded region comprise modified nucleotides.

In giker embodimenis, the siRNA molecule comprises
modified nucleoudes inchiding. but not limited to, 2'-O-me-
thyl (2OMe) nucleotides. 2'-deaxy-2"-fluora (2'F) nucle-
otides. 2'-deoxy nucleotides. 2'-O-(2-methoxyeiliy]) (MOl)
nucleotides. locked nucteic acid 7 NA) nucleotides, and mix-
tures thereol. In preferred embodiments, the siRNA com-
prises OMe nucleotides (eo... 2°OMe purine and/or pyrimi-
dine nucleotides) such as. for example. 2’OMe-guanosine
nucleotides. 2’OMe-uridine nucleotides. 2;OMe-adenosine

nucleotides, 2OMe-cytosine nucleotides. and mixtures
thereof. In certaiminstances, the siRNA docs not comprise
ZOMe-cytosing nucleotides. In other embodiments. the
SIRNA comprises a hairpin loop structure.

The siRNA may comprise modified nucleotides in one 3
strand (i.c., sense or antisense) or both strands ofthe double-
stranded region of the siRNA molecule. Preferably. uridine
and/or guanosine nucleotides are modilled at selective posi-
lions ia the double-stranded region ofthe siRNA duplex. With
regard to uridine nucleotide modifications.at lcust one, two.
three. four. five, six. or more ofthe uridine nucleotides in the
sense and/or aniisense strand can be a modified uridme nucle-
otide such as a 2'OMe-uridine nucleotide. In some embodi-

ments. every uridine nuclentide in the sense and/or antisense
strand is a 2'OMe-uridine nucleotide. With regard to pua-
nosing nucleotide modifications. al loust onc, two. three, four.

five. six. or more of the guanosine nucleotides in the sense
and/or antisense strand can be a modified guanosine aucle-
otide such as a 2OMe-guanosine nucleotide. In some
embodimenis, every guanosine nucleotide mihe sense and/or
antisense strand is a 2'OMc-guanosine nucleotide.

In certain embodiments.at least one. two. three. four. live.

six. seven. or more 5'<GU-3' motifs in an siRNA sequence
maybe modified. ¢.g.. by introducing mismaiches to climi-
nate the 5'GU-3' motifs and/or by mtroducing, modified 5
nucleotides such us 2}OMe nucleotides. The 5'-GU-3' mouf
can be in the sense strand. the antisense strand. or both sirands

ofthe siRNA sequence. The 3-GU-3' motifs maybe adjacent
to each other or, aliermatively. iaey may be separated by |. 2.
3.4,5,6.7, 8,9. 10.01, 12, or more nucleotides.

In some preferred embodiments. a modified siRNA mol-
ecule is less immunostimulatory than a corresponding,
vamadified siRNA sequence. la such embodiments. the
modifiedRNA molecule with reduced immunosumulatory
propertics advantageously retains RNAI activity against the
larget sequence. In another embodiment. the immunostimu-
latery properties of the modified siRNA molecule and its
ability io silence target pene expression can be balanced or
optimized by the introduction of minimal and selective
ZOMe modifications within the siRNA sequence such as.
a.g.. withia the double-stranded region of the siRNA duplex.
Jn certain instances. the modified siRNAis at least about 3%.
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10%. 15%. 20%. 25%. 30%. 35%. 40%. 43%. 30%. 53%.
60%, 65%. 70%, 75%. 80%, 85%. G08, F1%. 929. 93%,
94%, 9590. 96%, 979%. ORM, 99%. or 100%less immuno-

stimulatory than the corresponding unmodified RNA. Ttwill
be readily apparent to those of skill in the art that the immu-
nostimulatory properties of the modilied siRNA molecule
and the corresponding unmodified siRNA molecule can be
determined by. for cxample. meusuring INU-o and/or 01-6
levels from about two to about twelve hours alter systemic
administration in a mammalor transfection ofa mammalian

responder cell using an appropriate lipid-based delivery sys-
tem (such as the SNALP delivery sysiem disclosed herein).

In certain embodiments. a modified siRNA molecule has

ank’,,, (ie.. half-maximal inhibitory concentration) less than
or equal to ta-fold that of the corresponding uamodilied
siRNA (ie, the modified siRNA has an [C.,, that ys less than
or equal to ten-times the IC.,, af the corresponding unmodi-
fied siRNA). In other embodiments. ihe modified siRNA has
aniC.,, less than or equalto three-fold that of the correspond-
ig vamodilied siRNA sequence. In yet other embodiments.
ihe modified siRNA has an IC,,, less than or equal to iwo-lold
that of the corresponding unmodified siRNA. [t will be
readily apparent to those ofskill in the art that a dose-response
curve can be generated and the IC,,, values for the modilied
siRNA and the corresponding unamodilied siRNA can be
readily determined using methods knownto those ofshall in
iheart.

Jn yet another embodiment. a modified siRNA molecule is
capable ofsilencing at least about 3%. 10%. 13%. 20%. 23%.
30%, 35%. 40%, 45%. 50%, 55%. G08, 65%. 70%. 75%,

80%, 85%, 90%, 95%, or LOO%ofthe expression ofthe target
sequence relative to the corresponding unmodified siRNA
sequence.

ln some embodiments. the siRNA molecule does nol com-

prise phosphate backbone modificutions. c.g... in the sense
and/or aniisense strand of the double-stranded repion. In
other embodiments. ihe siRNA comprises one. two, three,
four. ar more phosphate backbone modilications. ¢.2.. in the
sense and/or antisense strand of the double-stranded region.
in preferred embodiments, the siRNA does not comprise
phosphate backbone modifications.

Jn further embodiments. the siRNA does not comprise
2-deoxynucleotides. ¢.g.. ithe sense and/or antisense strand
ofthe double-stranded region. Ia yet further embodiments.
ihe SIRNA comprises one. two. threc, four, or more 2'-deoxy
nucleotides. ¢.g., in the sense and/or antisense strand ofthe
double-stranded region. In preferred embodiments. the
siRNA does not comprise 2'-deoxy nucleotides.

In certain instances. the nucleotide ai the 3-end ofthe

double-stranded region in the sense and/orantisense strand is
net a modified nucleotide. In certain other instances. the

aucleotides near the 3'-end (e.8.. within one. two. three. or
four nucleotides ofthe 3’-end) of the double-stranded region
in the sense and/or antisense sirand are not modified nucle-
otides.

The siRNA molecules described hereia may have 3' over-
hanes of one. two. three. four. or more nucleotides on one or
both sides of the double-stranded region. ar maylack over-
hangs (.c., have blunt ends} on one or both sides of the
double-stranded region. Preferably. the siRNA has 3° over-
hanes of two nucleotides on each side ofthe double-siranded
reaion. In certain instances. the 3' overhang on the antisense
strand has complementarity to the target sequence and the 3!
overhung on the sense strand has complementarity to a
complementary strand of the tanzct sequence. Altermatively,
the 3° overhanes do not have complementarity to the tareet
sequence or the complementary strand thereaf In some
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embodiments. the 3' overhangs comprise ane. two. three.
four. or more nucleotides such as 2"-deoxy(2'1) nucleotides.
In certain preferred embodiments, the 3 overhings comprise
deoxythymidine (01) and/or uridine nucleotides. In other
embodiments. one or more of the nucleotides 1a the 3' aver-

hangs of one or both sides of the double-stranded revion
comprise modified nucleotides. Non-limiting examples of
modified nucleotides are described above und include 20Me

nucleotides. 2'-deoxy-2'nucleotides. 2'-deaxyaucleoudes.
2"40-2-MOl]:! nucleotides. NA nucleotides. and mixtures

thereo!, In preferred embodiments. ane. two. three. four. or
more nucleoiides in the 3 overhangs present on the sense
and/or antisense strand ofthe siRNA comprise 2}OMenucle-
otides (e.g. 2°OMe purine and/or pyrimidine nucleotides)
such as. for example. 2'OMe-suanosine nucleotides. 2’OMe-
undine nucleotides, 7OMe-adenosine nucleotides. 2'0OMc-

eytosine nucleotides, and mixtures thercol,
The siRNA may comprise at least one or a cocktail (c.g... at

least two. three. four. five. six. seven. eight. nine. ten. or more)
ofunmodilied and/or modified siRNA sequences that silence
lareet gene expression. The cocktail ofsiRNA may comprise
sequences which are directed to the sume region or domain
(2.2... 2 “hot spot”) and/or to different regions or domains of
one or more target genes. In certain instances. one or more
(2... a1 least two. three. four, five. six. seven. eight. nine. ten.
or more) modified siRNAthat silence target gene expression
are present in a cocktail. In certam other stances, one or
more (e.g.. at least two. three. four. five. six. seven. eight.
nine. len. or more) unmodified siRNA sequences that silence
target pene expression are present ina cocktail.

In some embodiments. the antisense strand ofthe siRNA

molecule comprises or consisis ofa sequence that is at least
about 80%. 85%. 00%. 95%. 96%. 97%. O8%. of 00%

complementary to the target sequence of a portion therealIn
other embodiments. the aniiscnse strand ofthe siRNA mol-

ecule comprises or consists of a sequence that is 100%
complementaryto the target sequence or a portion thercol, In
further embodiments. the antisense strand of the siRNA mal-

gcule comprises or consists of a sequence that specifically
hybridizes to the target sequence ora portion thereat,

In further embodiments, the sense strand of the siRNA

molecule comprises or consists of a sequence that is at least
about 80%. 83%. 90%. 95%. 96%. 97%, 98%. ar 90% idan-

lical to the target sequence or a poruion thereof In additional
embodimenis, the sense strand of the siRNA molecule com-

proses or consists of a sequence that is 100%identical to the
laract sequence or 4 portion thereal,

In the lipid particles of the invention (2.2. SNALP com-
posing an intericring RNAsuch as siRNA), the calionie lipid
may comprise, c.g... ane or more ofthe following: 1,2-dilino- 5
leyloxy-N.N-dimethylaminopropane (D1 indMA}. 1.2-dilr-
noleayloxy-N.N-dimethylaminopropane (DLeaDMA). 2.2-
dilinoley]-4-(2-dimethylaminoethy])-| 1.3 ]-dioxalane (D1 in-
K-C2-DMA, “x1TC2"), 2,2-dilinoley]-4-(3-
dimethylammopropy)-[ 1 3]-dioxolane (1 in-K-C3-DMA). 55
2.2-dilinoleyl-4-(4-dimethylaminobutytj-[1.3|-dioxalane
(DL in-K-C4-DMA). 2.2-dilinoleyl-5-dimethylaminom-
athyl-[1.3]-dioxane (DLin-K6-DMA). 2.2-dilinoley]-4-N-
methylpepiazino-|1.3]-dioxolane (DLin-K-MP7)}. 2.2-dili-
noleyl-4-dimethylaminomethyl-[1.3]|-dioxolane  (D1Lin-K-
SMA}. 1.2-dilinoleycarbamoyloxy-3-
dimethylaminopropane (DLin-C-DAP). 1.2-dilinoleyoxy-3-
(dimethylaming acetoxypropane (DLin-DAC). 1,2-
dilinoleyoxy-3-morpholinopropane—(DLin-MA). 1,2-
diinoleoy]-3-dimethylaminopropane =(DLmDAP)—1,2-
dilinoleylihie-3-dimethylaminopropane=(D1 ia-S-DMA).
i-lincleoyl-2-linoleyloxy-3-dimethylaminopropane (D1 ia-
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2-DMAP). 1.2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (O0m-TMA.CU. 1,2-dilinoleoyl-3-tamethy-
laminopropane chloride salt (D1 ineTAPCT), 1,2-dilinoley-
loxy-3-(N-methylpiperazino propane (1 in-MPYZ)}. 3-(N.N-
dilinoleylamino)-1.2-propanediol=(DLinAP) -3-(NLN-
dioleylamine)}-1.2-propanedio (DOAP). 1.2-dilincleyloxa-3-
(2-N.N-dimethylamineicthoxypropane (OV in- 17-194),
N.N-dioleyi-N.N-dimecithylammonium chloride (DODAC),
1.2-dioleyloxy-N.N-dimethylaminopropane (DODMA).
1.2-distearyloxy-N.N-dimethylaminopropane=(DSDMLA).
N-(1-(2.3-dioleyloxy}propy))-N.N_N-irimethylammonium
chioride (DOTMA) N.N-distcaryl-N.N-dimethylammo-
ninmbromide (3DAI3). N-(1-(2.3-dioleoyloxyIpropy))-NLN,
N-trimethylammonium chloride (DOTAP). 3-(N  (N'UN‘
dimethylaminoethane}-carbamoyljcholesteral=(DC-Chol).
N-(1.2-dimyristyloxyprop-3-y1)-N.N-dimethy]-N-hydroxy-
ethyl ammonium bromide (OMRIN), 2.3-dioleyloxy-N-|2
(spermine-carboxamudodethy] [N.N-dimeihyt-] -propan-
aminivminiflvoroacetata (DOSPA). dioctadecylamidoglycy!
spermine (DOGS). 3-dimethylamino-2-(cholest-5-en-3-
beta-oxybutan-4-oxy}-] -(c1s,cis-9, 12-octadecadicnoxyJpro-
pane (CLinDMA). 2-[5'-(cholesi-5-cn-3-beta-oxy)-3-oxup-
entoxy }-3-dimethy- | -(cis.cis-0", 1-2"-octadecadienoxy)
propane (Cpl inDMA). N.N-dimethy]-3.4-
dioleyloxybenzylamine (DMOBA). 1.2-N.N‘-
dioleylcurbumy!]-3-dimethylaminopropane=(OcarblDAP),
1,2-N.N'-dilinoleylearbamy|-3-dimethylaminopropane
(DUincarbDAP). or mixtures thereat. In certain preferred
embodiments. the cationic lipid is DLinDMA. DLin-K-C2-
DMA @X1TC2"). or mixtures thereol,

The synthesis ofcationic lipids such as DLin-K-C2-DMA
OXTC29. DLm-K-C3-DMA. DLin-K-C4-DMA. 11 in-K6-
DMCA. and DLin-K-MP?. as well as additional cationic lip-
ids. is described in U.S. Provisional Application No. 61/104.
212. filed Oci. O. 2008, the disclosure of which is hercin

incorporated byreference mits endirety for all purposes. The
synihesis of cationic lipids such as D1 in-K-DMA. D1 inC-
DAP. DiLia-DAC. DLin-MA. DLinDAP DLin-S-DMA,
D1 ia-2-DMAP. DLin-TMACT. DLia-TAP.C1). DLin-MPZ.
DiLmAP, DOAP and D1.m-15-DMA, as well as additional

cationic lipids. is described in PCT Application No. PCTS
US08/88676. filed Dec. 31. 2008. the disclosure of whichis

herein incorporated by reference in its enurery for all pur-
poses. The synthesis ofcationic lipids such as CLin DMA.as
well as additional cationic lipids, is described in US. Patent
Publication No. 20060240554, the disclosure of which is

herein incorporated by reference in its enurery for all pur-
poses.

In some embodiments, the cationic lipid may comprise
from about 50 mol %to about 90 mol %. fram about 50 mal
% to about 85 mol %. from about 50 mol %to about 80 mol
%. from about 3) mol % to about 75 mol %. from about 30
mol % to about 70 mal %. from about 50 mal % to about 65
mol %, or from about 50 mol %to about 60 mol %ofthe total

lipid present in ihe particle.
ln other embodiments. the cationic lipid may comprise

from about 55 mol % to about 90 mol %. from about 55 mol
% to abort 83 mol %. from about 33 mol % to about $0 mol
%%, from about 55 mol %to about 75 mol %, from about 55
mol %to about 70 mol %, or from about 55 mol %to about 65

mol % of the total lipid present in the particle.
Jn yet other embodiments. the cationic lipid may comprise

from about 60 mol %to about 90 mol %. fram about 60 mal
% to about 85 mol %. from about 60 mol %to about 80 mol
%, fram about 60 mol %to about 75 mol %, or from about 60

mol % to about 70 mol % ofthe total lipid present in the
particle.
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In still yet other embodiments. the cationic lipid may com-
pose from about 65 mal %to about 90 mol %, fromabout 65
mol %to about 85 mol %. from about 65 mal %to about 80

mol %, or fram about 65 mol %to about 75 mol %ofthe total

lipid present in the particle.
In further embodiments. the cationic lipid may comprise

fromabort 70 mol % to about 90 mol %. from about 70 mal
%o to about 85 mol %, from about 70 mol %to about 80 mol
%o. fram about 75 mol %to about 90 mol %. from about 75
mol %to about 85 mol %. or fram about 80 mal %to about 90

mol % of the total lipid present in the particle.
In additional embodiments. the cationic lipid may com-

prise (at least) about 50. 51.52.33. 54, 53.56.57, 58. 59. 60.
61.62.63, 64.65, 66. 67.68, GO. 70, 71.72.73, 74.75, 76. 77.

78, 74. 80, SL. 82, 83, 84. 85, 86. 87, 88, 89. or 90 mol %(or
anyfraction thereofor range therem) ofthe total lipid present
in the particle.

In the lipid particles of the invention (2.2. SNALP com-
prising an interfering RNA such as siRNA). the non-cationic
lipid may comprise. c2.. one or more anjonic lipids and/or
neutral lipids. In preferred embodiments, the non-cationic
lipid comprises one of the following neutral lipid compo-
nents: (1) cholesteral or a derivative therea!: (2) a phospho-
lipid: or (3) a mixture of a phospholipid and cholesteral or a
derivative thereol,

(examples of cholesterol derivatives include. but are not
limited to. cholestanal. cholestanone. cholestenone. copros-
lanel. cholesteny|-2'-hydroxyethy] ether. cholesten|-4'-hy-
droxybuty] cther, and mixtures thereal The synthesis ofcho- 3
lesteryl-2'-hydroxyethy! cther is described herein.

the phospholipid maybe a neutral lipid including, but not
limited to. dipalmitoylphosphatidylcholine (DPPC). dis-
lwaroylphosphatidyleholine (DSPC). dioleoylphosphatidyle-
thindlamine (DOPE), palmitoyloleoy!-phosphatidyleholine
POPC). aimitoyloleoy)-phosphatidylcthanalaminePp ) YE PAOSp +

(POPE), palmitoyloleyel-phosphatidylylycero]=(POPG).
dipalmiteyt-phosphatidylethanclamine (DPPE). dinvyris-p yr phosp. > 3

loyl-phosphatidylethanolamine (DMPI:). distearoyl-phos-
phatidylcthanolamine (DSPI3. monomethyl-phosphatidyle-
thinolamine. dimethy]-phosphatidylethanglamine.
dielaidoyl-phosphatidylethanolamine (DPE). stearoylo-
leoyl-phosphatidylethanolamine (SOPI). eag phosphatidyl
choline (PC). and mixtures thereof. In certain preferred
embodimenis, ihe phospholipid is DPPC. DSPC, or mixtures
thereof.

In some embodiments. the non-cationic lipid (2.2... one or
more phospholipids and/or cholesterol) may comprise rom
about 10 mol %io about 60 mol %, trom about 15 mol %to
about 60 mol %, fram about 20 mol %to about 60 mol %. 5
from about 25 mol %io about 60 mol %, from about 36 mol
% to about 60 mal %, Fam about 10 mol % to about 55 mal
%, from about 15 mol % to about 35 mol %. from about 20
mol %to about $5 mol %. from about 25 mol %to about 55
mol %, from about 30 mal %to about 55 mol %, from about
13 mol % to about 50 mal %. from about 15 mol % ta about
50 mol % or from about 20 mal % to about 50 mal % ofthe

total lipid present in the particle. When the aon-cationic lipid
isa mixture ofa phospholipid and cholesterol or a cholesterol
derivative, the mixture may comprise up to about 40. 50, or 60
mol % of the total lipid present in the particle.

In other embodiments. the non-cationie lipid (2.2... one or
more phospholipids and/or cholestcral) may comprise from
about 10 mal %to about 49.5 mol %, fram about 13 mol %to
about 49.5 mol %. from about 15 mol %to about 49.5 mol %.
from about 20 mal % to about 49.5 mal %, fromabout 25 mal
% to about 49.5 mol %. from about 30 mol % to about 49.5
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mol %, from about 35 mol % to about 49.5 mol Ye. or from

about 40 mol %to about 49.5 mol %ofthe total lipid present
in the particle.

In yet other embodiments, the non-cationic lipid (e.g... one
ar more phospholipids and/or cholesteral) may comprise
from about 10 mol % to about 45 mol %. from about 13 mol
% to about 45 mol %. from about (5 mol %to about 45 mol
%, from about 20 mol %to about 45 mol %, from about 25
mol % to about 45 mol %. from about 30 mal % to about 45
mol %. or from about 35 mal % te about 45 mol % ofthe total

lipid present in the particle.
In still yet other embodiments. the non-cationic lipid (e.z.,

one or more phospholipids and/or cholesterol) may comprise
from about 10 mol % to about 40 mol %. from about 13 mol
% to abort 40 mol %. from about 13 mol % to about 40 mol
%%, from about 20 mol %to about 40 mol %, from about 25
mal %to about 40 mol %, or from about 30 mol %to about 40

mol %ofthe total lipid present in the particle.
Ja further embodiments. the aon-catiome lipid (e.g. one or

more phospholipids and/or cholesterol) may comprise from
about 10 mol %io about 35 mol %. from about 13 mol %to
about 35 mol %. from about 15 mol %to about 35 mol %,
from about 20 mal % to about 3.5 mol Yor fromabout 25 mol

% to about 35 mal % ofthe total lipid present in the particle.
In yet further embodiments. the non-cationic Hpid (e.2..

one or more phospholipids and/or cholesterol) may comprise
froma about 10 mol %to about 30 mol %. fram about 13 mal
% to abort 30 mol %. from about 13 mol % to about 30 mol
%. Trom about 20 mol % to about 30 mol %. from about 10
mol %io ubout 25 mol %, from about 13 mol %to about 25
mol %. or from about 15 mol %to about 25 mol %ofthe total

lipid present in ihe particle.
In additional embodiments. the aon-catiomic lipid (e.g.

one or more phospholipids and/or cholesteral) may comprise
(atloust}about 10.01.12. 13. 14.15.16, 17.18.19, 20.21.22,
23, 24,25. 26, 27. 28, 29, 30.37, 32.33, 34,35. 36, 37.38, 39,
40, 41.42.43, 44.45, 46.47.48, 49.50, 51, 52.53, 54.55, 56,

57. 38. 39. or GO mol % (or any traction thereo!or range
therein) of the total lipid present in the particle.

In certain preferred embodiments. the non-cationic lipid
comprises cholesterol or a derivative thereof of trom about
31.5 mol % to about 42.5 mol % ofthe total lipid present in the
particle. As 4 non-limiting example. a phospholipid-free lipid
particle althe invention may comprise cholesteral ora deriva-
uve thereolat about 37 mol %ofthe total lipid present in the
parucle. In other preferred embodiments. a phospholipid-trec
lipid particle ofthe invention may comprise cholesteral or a
derivative thereofoffrom about 30 mal % to about 43 mal %.
from about 30 mol %to about 40 mol %. fram about 30 mal
% to about 35 mol %, from about 35 mol %to about 45 mol
%%, from about 40 mol %to about 45 mol %, from about 32
mol % to about 45 mol %. from about 32 mal % to abet 42
mol %. from about 32 mal % to about 40 mol %. from about
34 mol %to about 45 mol %. from about 34 mol %to about
42 mol %, from about 34 mol %to aboul 40 mal %. or about
30. 31.32. 33.34. 35.36.37, 38. 39. 40. 41.42.43. 44. or 45

mol % (or any fraction therea!lor range therein) ofthe total
lipid present in the particle.

In certain other preferred embodimenis, ihe non-cutionic
lipid comprises a mixture of: (2) a phospholipid offrom about
4 mol % to about 10 mol % ofthe total lipid present in the
particle: and (ii) cholesterol or a derivative thereo!of from
about 30 mol %to about 40 mol Yo ofthe total lipid present in
ihe particle. As a non-limiting example. a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPCat about 7 mal % and cholesterol at about 34 mol
% of the total lipid present in the particle. In other embodi-
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ments. the nen-cationic lipid comprises a mixture off (i) a
phospholipid oftromabout 3 mol %io about 15 mol %, from
about 4 mol %to about 15 mol %. from about 4 mol % to

about (2 mol %, from about 4 mol %to about 10 mol %, from
about 4 mal % to about 8 mal Ye. from about 5 mol % to about
12 mol %. from about 3 mol % to about 9 mol oe. fram about
6 mol % to about 12 mol %. from about 6 mol % to about 10
mol, orabout 3, 4.5.6, 7.89. 10. 11.12. 13. 14. or 15 mol

%o (or any traction thereel or range therem) ofthe total lipid
present in the particle: and (i) cholesterol or a derivative
thereofoffrom about 25 mol % to about 45 mol %. fromabout
30 mol % to about 45 mol %. from about 25 mol % to about
40 mol %, from about 30 mol % to about 40 mol %. from
about 25 mal %io ubout 35 mol %, from about 30 mol %to
about 35 mal %, from about 35 mol %to about 45 mol %,.
fromabout 40 mol %to about 45 mol %, from about 28 mol
Ye to about 40 mol %. from about 28 mol % to about 38 mal
%. from about 30 mol % to about 38 mol %. from about 32
mol % to about 36 mol %. or about 25. 26. 27. 28.29. 30. 31.
32, 33. 34, 35.36, 37.38, 30.40, 41.42, 43. 44, or 45 mol %

(or any fraction thereof or range therein) of the total lipid
present in the particle.

In further preferred embodiments. the non-cationic lipid
comprises a mixture off (1) a phospholipid offrom about 10
mol %to ubout 30 mol %ofthe total lipid present in the
particle: and Gi) cholesterol or a derivative thereof of from
about 10 mol %to about 30 mol %ofthe total lipid present in
the particle, As a non-limiting example. a lipid particle com-
prising a mixture ofa phospholipid and cholesterol may com-
prise DPPCat about 20 mol % and cholesterol at about 20 mol
%e of the total lipid present in the particle. In other embodi-
moenis. the non-cationic lipid comprises a mixture of (i) a
phospholipid offrom about 1G mol %to about 30 mol %. from
about 10 mol % to about 23 mol %. fom about 10 mal % to
about 20 mol %. from about 15 mol % ta about 30 mal Yo.
fromabort 20 mol % to about 30 mol %. from abont 15 mal
% to about 25 mol %, from about 12 mol %to ubout 28 mol
%o. fram about 14 mol %to about 26 mal %. or about 10, 11.
12.13.14. 15.16. 07.18.19, 20.21, 22.23.24, 25.26, 27. 28.

29. or 30 mal % (or aay fraction thereofor range therein) of
the total lipid present in the particle: and (ii) cholesteralor a
derivative thereofol fram abont 10 mol % to about 30 mol %.
from about 1G mol %ie about 25 mol %, from about 16 mol
% Lo about 20 mol %, from about 15 mol %to about 30 mol
%, from about 20 mol % ta about 30 mol %. fram about 15
mal % to about 25 mol %,. from about 12 mol % to about 28
mol %. from about 14 mal %ie about 26 mol %. or about 10.
(1.12.13, 14015, 16.17.08, 19.20, 21, 22.23, 24.25, 26.27. 5

28, 24, or 30 mol %(or anyfraction thereo!or range therein)
ofthe total lipid present in the particle.

In the lipid particles of the invention (2.2. SNALP com-
posing an interfering RNA such as siRNA}. the conjugated
lipid that inhibits agprepzation ofparticles may conrprise. cp. 55
one of more of the following: a polyethylenealyeal (PIG)
lipid conjugate. a polyamide (ATTA)-lipid conjugate. a cat-
ionic-polymer-lipid conjugates (CPLs). or mixtures thereal’
In one prelerred embodiment. ihe nuelete acid-lipid particles
comprise either a PLC-lipid conjugate or an AUTA-lipid con-
jugate. In certain embodiments. the PISG-lipid conjugate or
ATTA-lpid conjugate is used together with a CPL. The con-
jugated lipid that inhibits aggregation of particles may com-
pose a Pi:G-lipid including. cg... a PIG-diacylelycerol
(DAG). a PEG diatkyloxypropy] (IAA), a PHG-phospho-
lipid. a PlG-ceramide (Cer). or mixtures thereol The PEG-
DAA conjugate may be PliG-dilauryloxypropyl (C12). a
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PEG-dimyristyloxypropy] (C14). a PhG-dipalmityloxypro-
pyl (C16). a PHG-distcaryloxypropyl (C18), or mixtures
thereof.

Additional Pi-lipid conjugates suitable for use in the
favention include. but are not limited to. mP10;2000-1.2-di-

O-alkyl-sn3-carbomoylelyceride (PEG-C-DOMG). The syn-
thesis of PEG-C-DOMGts described in PCT Application No.
PCT/USOR/88676. fled Dec. 31, 2008, the disclosure of

whichjs hereia incorporated byreferenceia its entiretylorall
purposes. Yet additional PIG-lipid conjugates suitable for
use ip the invention include. without limitation. 1-($'-(1.2-
dimyristoy]-3-propunoxy)-carboxamide-3'.6"-dioxaoctanyl|
carbumoyl-iw-methyl-poly(cihylene pivcol) (2KPILAG-DMG).
The synthesis of 2KPISG-DMG is described in U.S. Pat. No.
7.404.969, the disclosure of which is herein incorporated by
reference In its catirety for all purposes.

The PEG moicty of the PHG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 350 daltons to about 10.000 daltons. In certain

iastances. the PEG moiety has an average molecular weight
of tremabout 750 dalions to about 5.000 daltons (e.g... from
about 1.000 dalions to about 5.000 daltons. from about 1,500
daltons to about 3.000 daltons. from about 730 daltons w
about 3.000 daltons. from about 750 dalwns to about 2.000

daltons. etc}. In preferred embodiments. the PIG: moiety has
unaverage molecular weight of about 2.000 daltons or about
750 daltons,

Ja some embodiments. the conjugated lipid that inhibits
aggreaation ofparticles isa CPL. that has the formula: A-W-Y.
wherein A is a lipid moiety, Wis a hydrophilic polymer. und
Y isapolycationic moiety. W maybe a polymerselected from
ihe group consisting of polycthylencelycol (PIG), polya-
mide. polylactic acid. polyglycolic acid. palylactic acid/
polyalycolic acid copolymers. or combinations thereof, the
polymer having a molecular weighi of from about 250 to
about 7000 daltons. In some embodiments. Y has ai leusi 4

positive charges ata selected pli. In some embodiments. Y
may be lysine. arginine. asparagine. glutamine. derivatives
thereof. or combinations thereof,

In certain instances. the conjugated lipid that mhibits
uperepation of particles (c.g. PIXG-lipid conjugate) may
comprise from about 0.1 mol % to about 2 mol %. from about
0.35 mol % to about 2 mol“. from about 1 mal % to about 2
mol %. from about 0.6 mol Ye to about 1.9 mol %. fromabout
0.7 mol %to about 1.8 mol %. from about 0.8 mol %to about
1.7 mol %, from about ] mol %to about 1.8 mol %. from
about 1.2 mol % to about 1.8 mol %. from about 1.2 mol % wo
about 1.7 mol %. from about 1.3 mol % to about 1.6 mol %.
from about 1.4 mol %to about 1.5 mol %, or about 1, 1.1.1.2,

1.3, 1.4,1.5.1.6.1.7, 1.8, 1.9, or 2 mol (orany traction thereat
or range therein) ofthe total lipid present mthe particle.

Ja the lipid particles of the invention. the active agent or
therapeutic agent may be fully encapsulated within the lipid
portion ofthe particle. thereby protecting the active agent or
therapeutic agent from enzymatic depradation. In preferred
embodiments. a SNALP comprising a nucleic acid such as an
interfering RNA (e.g... siRNA) is fully encapsulated within
the lipid portion ofthe particle. therebyprotecting the aucleic
ueid from nuclease degradation. In certaim instances, the
nucleic acid in the SNALPis not substantially depraded after
exposure ofthe particle to a nuclease at 37° ©. for at least
about 20. 30. 45. or 60 minutes. In certain other instances. the

nucleic acid in the SNALPis not substantially depraded after
incubation ofthe particle in serum at 37°C. lorat least about
30, 45. or 60 minutesor at leust about 2, 3, 4.5, 6.7.8.0. 00,
12. 14. 16. 18. 20, 22, 24. 26. 28. 30, 32. 34. or 36 hours. In

other embodiments. the active agent or therapeutic agent

JA00261



JA00262

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 266 of 695 PageID #: 7057Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 266 of 695 PagelD #: 7057

US 9,364,435 B2

23

(e.g.. nucleic acid such as siRNA) is complexed with the lipid
portion ofthe particle. One ofthe benefits ofthe formulations
afthe present inventionis that the lipid particle compositions
are substantially non-toxic to manuals such as humans.

The term “folly encapsulated” indicates that the active
agent or therapeutic agent in the lipid particle is not signili-
cantly degraded after exposure to serum or a nuclease or
protease assay that would significantly degrade free DNA.
RNA. of protein. In a folly encapsulated system. preferably
less than about 25% ofthe active agent or therapeutic agentin
the particle is degraded in a treatment that would normally
degrade 100%offree active agent or therapeutic agent, more
preferably less than about 10%, and most preferablyless than
about 5% of the active agent or therapeutic agent in the
particle is degraded. In the context ofnucleic acid therapeutic
agenis, full encapsulation may be determined by an Oh-
green® assay. Oligreen® is an ulira-sensitive Quorescent
nucleic acid stam for quantitating oligonucleotides and
single-stranded DNA or RNA in solution (available from
Javitrogen Corporation: Carlsbad. Calif). “Fully encapsu-
lated”also indicates that the lipid particles are serum-stable.
that is, that they do not rapidly decompose into their compo-
hent parts upon in vive administration.

In another aspect. the present invention provides a lipid
particle (¢.2.. SNALP) composition comprising a plurality of
lipid particles. In preferred embodiments. ihe active agent or
therapeutic agent (e.g... nuclei acid) is fully encapsulated
within the lipid portion ofthe lipid particles (a.2.. SNALP).
suchthat from about 30% to about 100%, from about 40% to
about 100%. from about 50%io about 100%, from about 60% 3
to about 100%, rom about 70%to about 100%. from about
80%to about 100%. from about 90%to about 100%. from
about 30% to about 03%. from about 40% to about 95%, from
about 30% to about 95%. fram about 60% to about 05%. %,
from about 70%to about 85%, from about 80%to about 95%.
from about 85%to about 95%, from about 90%to about 95%,
from about 30%to about 90%, from about 40%to about 90%,
from about 50% to about 90%, fram about 60% to about O0%,
from about 70% to about 90%, fram about 80% to about O0%,
orat least about 30%, 35%, 40%, 45%, 50%, 55%. G0%. 65%.
70%, 75%, SO%, 85%, YO. 1%, 929%, 938%. Be, US%e.

96%. 97%. 98%. or 09% (or any fraction thereof or range
therein) ofthe lipid particles (e.9.. SNALP) have the active
agent or therapeutic agent encapsulated thereia.

‘Typically, the lipid particles (e.2., SNALP) ofthe invention
have a lipid:active agent (c.g. lipid:nueleic acid) ratio (mass/
mass ratio) of from about | to about 100. In some instances.
the lipid:active agent (e.2.. lipid:nucleic acid) ratio (mass!
muss ratio) ranges from about | to about 50. from about 2 to
about 25, from about 3 te about 20. from about 4 to about 15. 5

or from about 5 to about 10. In preferred embodiments, the
lipid particles of the invention have a lipid:active agent (e.g.
lipid:ancleic acid) ratio (mass/mass ratio) offrom about 5 to
about 15. ¢.p.. about 5.6.7, 8.9. 10, (1.172. 13, (4. or 15 (or
anyfraction thereof or range therein).

Typically. the lipid particles (¢.2.. SNALP) ofthe invention
have a mean diameter of from about 40 am to about 150 am,

Ja preferred embodiments. the lipid particles (ce... SNALP)
atthe invention have a mean diameter offrom about 40 nm ta
about 130 nm, from about 40amto about 120 nm, from about
40 am to about 100 nm. from about 50 pm to about 120 am.
fromabout 50 amto about 100 nm. trom about 60 nimto about
i20nm, from about 60nmto about (1 Gnm, from about 6G nm
to about 100 nm, from about 60 am to about 90 nm. from
about 60 nm io about 80 nm, from about 70 nmto about 120
nin. From about 70 am to about 110 am. from about 70 amto
about 100 nm. fom about 70 am to abot YO am. from about
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70amto about 80 am. orless than about 120 nm. 110 am. 100

nm. 90 nm. or 800m(oranyfraction thereolor range therein).
In one specific embodiment ofthe invention. the SNAIP

comprises: (a) one or more unmoedificd and/or modified inter-
feriag RNA(e.g... SIRNA, aiRNA. miRNA)thatsilence target
gene expression: (b) a cationic lipid comprising from about
56.5 mol %to about 66.5 mol %ofthe total lipid presentin the
parucle: (c} a non-cationic lipid comprising from about 31.5
mol % to about 42.5 mol % ofthe total lipid present in the
particle: and (d)a conjugated lipid that inhibits ageresation of
particles comprising from about | mol % to about 2 mol % of
ihe total lipid present in the particle. Uhis speeilic embodi-
ment of SNAIL Pis generally referred to bercin as the “1:62”
formulation. la a preferred embodiment. the cationic lipid is
DiaDMA or DLin-K-C2-DMA (“XTC2"). the nan-cationic
lipid is cholesterol, and the conjugated lypid is a PEG-DAA
conjugate. Although these are preferred embodiments of the
1:62 formulation. those of skill in the art will appreciate that
other cationic lipids. non-cationic lipids Gachoding other cho-
lesterol] derivatives). and conjugated lipids can be used in the
1:62 formulation as described herein.

In another specific embodiment of the invention. the
SNALP comprises: (a) one or more wimodilied and/or modi-
fied interfering RNA G@.z.. SIRNA, aiRNA. mRNA) that
silence larget gene expression: (bj a cationic lipid comprising
from about 52 mol %to about 62 mol %ofthe total lipid
present in the particle: (c¢) a non-cationic lipid comprising
from about 36 mol % to about 47 mol % ofthe total lipid
present in the particle: and (d) a conjugated lipid that inhibits
uperepation ofparticles comprising trom about | mol %to
about 2 mol %ofthe total lipid present in the particle. This
specific embodiment of SNALP is generally reterred to
herein as the "1:57" formulation. Ia one preferred embodi-
ment. the calionic lipid is DL inDOM-A or D1 ia-K-C2-DMA
(@XTC2"). the non-cationic lipid is a mixture of a phospho-
lipid (such as DPPC) and cholesterol. wherein the phospho-
lipid comprises from about 5 mol %to about 4 mol %of the
total lipid present in the particle (¢.2.. about 7.1 mol %) and
the cholesterol (or cholesterol derivative) comprises from
about 32 mol %to about 37 mol Yo ofthe total lipid present in
ihe parce (¢.g., about 34.3 mol %), and the PIAG-lipid is a
PEG-DAA(e.g... PEG-cDM_A). In another preferred embadi-
ment. the calionic lipid is DL inDOM-A or D1 ia-K-C2-DMA
CXTC2"). the non-cationic lipid is a mixmre of a phospho-
lipid (such as DPPC) and cholesterol. wherein the phospho-
lipid comprises fram about 15 mol %to about 25 mol %ofthe
total lipid present in the particle (e.g.. about 20 mal Ye) and the
cholesterol (or cholesterol derivative) comprises from about
15 mol %to about 25 mol %of the total lipid present mthe
parucle (c.p.. about 20 mol %6), and the PItG-lipid is a PEG-
DAA fep. PIG-cDMA). Although these are preferred
embodiments of the 1:37 formulation. those ofskill in the art

will appreciate that other catinnic lipids. non-cationic lipids
Qncluding other phospholipids and other cholesicrol deriwa-
ives). and conjugated lipids can be used in the 1:57 formu-
lation as described herein.

Ja preferred embodiments. the 1:62 SNALP formulationis
a three-component system which is phospholipid-free and
comprises about 1.5 mol PEG-clMA Cor PLEG-clSA), about
61.5 mol %DLinDMA (or X02). and about 36.9 mol %
cholesterol (or derivative thereof), In other preferred embadi-
ments. the 1:37 SNALP formulation is a four-component
system which comprises about 1.4 mol % PHG-cDOMA (or
PI-cDSA}, about 57.1 mol %D1 inDMA (or XTC2), about
7.) mol % DPPC, and about 34.3 mol %cholesterel (or
derivative thereo!). In yet other preferred embodiments. the
1:57 SNALPformulauion is a four-component system which
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comprises about 1.4 mol % PHG-cDMA (or PiG-cDSA).
about 57.1 mol %D1indMA (or X12). about 20 mol %
DPPC, and about 20 mol %cholesterol (or derivative
thereo lh). It should be understood that these SNALP formula-
lions are target formulations. and that the amount oflipid
(both cationic and non-cationic) present and the amount of
lipid conjugate present m the SNAI.P formulations mayvary.

‘The present inventionalso provides a pharmaceutical com-
position comprising a lipid particle (¢.2.. SNALP) described
hereia and a pharmaceutically acceptable carrier.

Ina further aspect. the present iavention provides a method
for introducing one or more uctive ugenis or therapeutic
agents (e.g... nucleic acid) into a cell, comprising contacting
the cell with a lipid particle (2... SNALP) described herein.
Jn one embodiment. the cell is ia.a mammal and the mammal

is a human. (n another embodiment, ihe present mvention
provides a method for the in vive delivery of one or more
active agents or therapeutic agents (e.g.. nucleic acid), com-
prising administering to a mammalian subject a lipid particle
(2.2.. SNALP) deseribed herein. In a preferred embodiment.
the mode of administration includes, but is not limited to.

oral, intranasal, miravenous, intraperitoneal, intramuscular.
intra-aruicular. intralesional. imtratracheal. subcutaneous. and

intradermal. Preferably. the mammalian subject is a human.
In one embodiment. at least about Ho. 10%. 15%. 20%. or

25%of the iotal injected dose of the lipid particles (c.g.
SNALP) is present in plasmaabout 8, (2. 24, 36. or 48 hours
after injection. In other embodiments. more than about 20%.
30%. 40% and as much as about 60%. 70% or 80% ofthe total

injected dose ofthe lipid particles (¢.g.. SNAL.P) is present in
Plasma about 8. 12. 24, 36, or 48 hours after injection. In
certain instances, more than about 10%ofa plurality ofthe
particles is present in the plasma ofa mammal about | hour
after administration, Ia certain other iastances. the presence
ofthe lipid particles (c.g... SNALP) is detectable ai least about
( hour after administration ofthe particle. In certain embedi-
monis. he presence of un active agent or therapeutic agent
suchas an interfering RNA (¢.2.. siRNA) is detectable in cells
ofthe lung. liver. tumor. or ata site of inflammation al about
8. 12, 24. 36, 48, 60. 72 or 96 hours alter administration. In

other embodimenis, downregulation ofexpression of utarget
sequence by an active agent or therapentic agent such as an
interfering RNG(e.g... sIRNA) is detectable at about 8.12.24.
36. 48. 60. 72 or 96 hours after administration. In yet other
embodimenis, downregulation of expression of a target
sequence by an active agent or therapentic agent such as an
interfering RNA(¢.2.. siRNA) occurs preferentially ia tumor
cells of in cells at a site of inflammation. In further embodi-

monis. the presence or ellect ofanactive agent or therapeutic
agent such as an interfering RNA (e.g... sIRNA) in cells at a
site proximal or distal to the site ofadministrationor in cells
ofthe long. liver. ar a tumor is detectable at about 12.24. 48.
72,0f 96 hours. or at about 6. 8. 10.12.14. 16. 18.19. 20.22.

24, 26, or 28 days alter administration. In additional embodi-
moenis. the lipid particles (c.g. SNALP) ofthe invention are
administered parenterally or intraperitoneally.

In some embodiments. the lipid particles (e.2.. SNALP) of
the invention are particularly useful in methods for the thera-
peutic delivery of one or more nucleic acids comprising an
interfering RNA sequence(c.g. siRNA), (In particular. itis an
object of this iavention to provide in vilre and in vive methods
for realment of a disease or disorder in a mammal («.g.. a
rodent such as a mouse or a primate such as a human, chim-
panzec, or monkey) by downregulating or silencing the tran-
scription and/or translation ofone or more target nucleic acid
sequences of genes ofinterest. As a non-limiting example.the
methods of the invention are useful for in vive delivery of
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interfering RNA (@.2.. siRNA) tothe liver and/or tumor of a
manumalian subject. In certain embodiments, the discuse or
disorder is associated with expression and/or overexpression
ofa pene and expression or overexpression of the pene is
reduced bythe interfering RNA (¢.2.. siRNA). Incertainather
embodiments. a therapeutically effective amount ofthe lipid
parucle (c.g... SNALP)} may be administered to the mammal.
in some Instunces, an interfering RNA (c.g... siRNA) is for-
molated into a SNALP. and the particles are administered to
patients requiring such treatment. la other instances. cells are
removed troma patient. the interfering RNA (e.g... siRNA} is
delrvered in vitro (e.g... using a SNALP deseribed herein). and
the celis are ecinjecied inio the patient.

In an additional aspect. the present invention provides lipid
particles (e.g... SNALP) comprising asymmetrical interlering
RNA GiltNA} molecules that silence ihe expression of a
iarget gene and methods of usig such particles io silence
iargel pene expression.

In one embodiment. the aRNA molecule comprises a
double-stranded (duplex) region ofabout 10 10 about 25 (hase
paired) aucleotides m length. wherein the aiRNA molecule
comprises un antisense strand comprising 5' and 3overhangs,
and whereia the aiRNA molecule is capable of silencing
target gene expression.

In certaia instances. the aiRNAA molecule comprises a
double-stranded (duplex) region of about 12-20, 12-19,
12-18, (3-17. or 14-17 (base paired) nucleotides mm length,
more typically 12. 13. 14.15. 16. 17. 18. 19. or 20 (Chase
paired) nucleotides in length. la certain other instances. the 3
and 3! overhangs on ihe antisense strand comprise sequences
that are complementaryto the tareet RNA sequence, and may
optionally lurther comprise nontargcting sequences. In some
embodiments. each ofthe 5' and 3' overhangson the antisense
strand comprises or consists of one. two. three. four. five. six.
seven. or more nucleotides,

In other embodimenis, the aiRNA molecule comprises
modified nucleotides selected from ihe group consisting, of
2'OMe nucleotides. 2'F nucleotides. 2'-deoxy nucleotides.
2-O-MOl nucleotides. LNA aucleotides. and mixtures

thereef In a preferred embodimeni. the aiRNA molecule
comprises 2'°OMenucleotides. Asa non-limiting example, the
2'OMenucleotides maybe selected fromthe group consisting
af 2OMe-guanosine nucleotides. 270Me-uridine nucle-
olides. and mixtures thereof,

In a related aspeci, the present invention provides lipid
parucles (c.g.. SNAI.P) comprising microRNA (miRNA)
molecules that silence the expression of a largel gene and
methods of using such compositions to silence target gene
expression.

In one embodiment. the miRNA molecule comprises about
15 to about 60 nucleotides in length. whercin the miRNA
molecule is capable of silencing laract gene expression.

Ja certain mstances. lhemiRNA molecule comprises about
15-50, 15-40, or 15-30 nucleotides mn length. more typically
about (5-25 or 19-25 nucivotides in length. and are preterably
about 20-24. 21-22. or 21-23 nucleotides in length. [na pre-
ferred embodiment. the miRNA molecule is a mature mRNA

molecule targeting an RNA sequence ofinterest.
In some embodiments. the miRNA molecule comprises

modified nucleotides selected from ihe group consisting, of
2'OMe nucleotides. 2'F nucleotides. 2'-deoxy nucleotides.
2-O-MOl nucleotides. LNA aucleotides. and mixtures

thereof In a preferred embodiment, the mRNA molecule
comprises 2'°OMenucleotides. Asa non-limiting example, the
2OMe anecleotides maybe selected fromthe group consisting
af 2OMe-guanosine nucleotides. 270Me-uridine nucle-
olides. and mixtures thereof,
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As such. the lipid particles ofthe invention (¢.2.. SNALP)
are advantageous and suitable for use in the administration of
active agents or therapeutic agenis such as nucleic acid (c.g.
interfering RNA such as siRNA. alRNA. and/or mRNA) io a
subject (¢.2.. a mammal such as a human) because theyare
stable in circulation. of a size required lor pharmacodynamic
behavior resulting ia access to extravascular sites. and are
capable of reaching turgei cell populations.

Iv. Active Agents

Active agents (e.g... therapeutic agents) include any mol-
ecule or compound capable ofexerting a desired effect on a
eel, issue, organ. or subject. Such effects maybe. ¢.g.. bio-
logical, physiological. and/or cosmetic. Active agents may be
anytype of molecule or compound including. but not limited
lo. qucleic acids. peptides. polypeptides. small molecules.
and mixtures thereon! Non-limiting examples ofnucleic acids
include interlermg RNA molecules (¢.2.. siRNA, alRNA.
miRNA), antisense oligonucleotides, plasmids. ribozymes.
immunostimulaiory oligonucleotides, and mixtures thereat,
ixamples of peptides or polypeptides include. without limi-
lation. antibodies (e.g. polyclonal antibodies. monoclonal
antibodies. antibody fragments: humanived antibodies.
recombinant anubodies. recombinant human antibadies. Pri-

matived'™™ anuibadies), cytokines, growth factors, apoptotic
factors. differentiation-inducing factors. cell-surlace recep-
tors and their ligands. hormones. and mixtures thereof.
i:xamples of smali molecules include, but are noi limited to.
small organic molecules or compounds such as any conven-
tional agent or druy, knownto those of skill in the art.

In some embodiments. the active agent is a therapeutic
agent. or a salt or derivative thereof. Therapeutic agent deriva-
lives maybe therapeutically active themselves or they maybe
prodrugs. which become uctive upon further modification.
Thus. in one embodiment, a therapeutic agent derivative
retains some or all of the therapeutic activity as compared ta
the uamodilied agent. while in another embodiment. a thera-
peutic agent derivative is a prodrug that lacks therapeutic
activity. but becomes active upon further modification.

A. Nucleic Acids

In certain embodiments. lipid particles of the present
invention are associated with a nucleic acid. resulting in a
nucleic acid-lpid purticle (c.g... SNALP). In some embodi-
menis. the nucleic acid is fully encapsulated in the lipid
particle. As used herein. the term “nucleic acid” includes any
oheonucleatide or polynucleotide. with fragments containing,
up to 60 nucleotides penerally termed olizonucleotides. and
longer fragments termed polynucleotides.

In particular embodiments. cligonucletoides ofthe inven-
lion are from about 13 to about 60 nucleotides in length.
Nucleic acid may be administered alonein the lipid particles
af the invention, or in combination (¢.g., co-administered)
with lipid particies of the invention comprising peptides.
polypeptides. or small molecules such as conventional drugs.

In the context ofthis invention. the terms “polynucleotide”
and “oligonucleotide” refer to a polymer or oligomer of
nucleotide or nucleoside monomers consisting, of naturally-
occurring buses. sugars and intersugar (buckbonc) linkages.
The terms “polynucleotide” and “oligonucleatide” alsa
include polymers or oligomers comprising aon-naturally
Hccurring Monomers, or portions thercof. which function
similarly, Such modified or substituted oligonucleotides are
afien preferred over native forms because of propertics such
as. for example. enhanced cellular uptake. reduced immuno-
genicity. and increased stability in the presence ofnucleases.
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Oligonucleotides are generally classified as deoxyribonli-
ponucleotides or riboolizonucleoudes. A deoxyriboolipe-
nucleotide consisis Of a 5-carbon sugar called deoxyribose
joined covalently io phosphate at the 5' and 3' carbons ofthis
sugar to form an alternating. nnabranched polymer. A nibooli-
aonucleotide consists of a similar repeating structure where
ihe 5-carbon sugar is bose.

The nucleic acid that is present in a lipid-nucleic acid
particle according to this invention includes any form of
nucleic acid that is knowa. The nucleic acids used hereia can

be single-stranded DNA or RNA. of double-stranded DNA or
RNA. or ONA-RNAhybrids. [xamples of double-stranded
DNA are desertbed bercin and include. ¢.., structural genes,
aenes includine control and termination regions. and self-
replicating systems suchas viral or plasmid DNA. Examples
oF double-stranded RNA are described herein and include,

c.g. SIRNA and other RNAI agents such as aIRNA and pre-
miRNA. Single-siranded nucieic ucids include, ¢.g., anti-
sense oligonucleotides. ribozymes. mature miRNA. aad tri-
plex-forming oligonuclentides.,

Nucleic acids of the invention muy be of various lengths,
pencrally dependent uponthe particular form ofnuelcic acid.
For example. in particular embodiments. plasmids or genes
may be from about 1.000 to abot 100.000 aucleotide resi-
dues in lengih. In particular embodiments. oligonucleotides
mayrange from about 10 to about 100 nucleotides in length.
in various related embodimenis, oligonucleotides. both
single-stranded. double-stranded. and triple-stranded. may
range in length from about 10 to about 60 nucleotides. from
about 15 io about 60 nucleotides. from about 20 to about 50
nucleoiides. from about 15 to about 30 nucleoudes. or from

about 20 to about 30 nucleotides in length.
Ja particular embodiments. an oligonucleotide (or a strand

thereal) of the invention specilically hybridizes to or is
complementary to a target polynucleotide sequence. The
terms “specifically bybridizabic” and “complementary” as
used herein indicaic a sulficient degree of complementarity
such that stable and specilic binding accurs between the DNA
or RN.A target and the oligonucleotide. It is understood that an
oligonucleotide need not be 100%complementaryio its tar-
pet nucleic acid sequence to be specifically hybridivable. In
preferred embodiments. an oligonucleotide is specifically
hybndizable when binding ofthe oligonucleotide to the target
sequence interferes with the normal foncuion of the tareet
sequence to cuuse a loss ofutility or expression theretrom,
and there ws a sufficient depree of complementarity to avoid
non-specific binding of the oligonucleotide to non-iaraet
sequences under conditions in which specilic binding is
desired. i.c.. under physiological conditions in the case ofin
vivo ussuys or therapeutic treatment. or, in the case ofin vitro
ussuys. under condivions in which the assays are conducted.
Thus. the aligonuclentide may include 1. 2. 3. ar more base
substitutions as compared to the region af a gene or mRNA
sequence that 1s tanzcting or to which 1 specifically bybrid-
Ives.

i. siRNA

The siRNA component of the nucleic acid-lipid particles of
the present inventionis capable of silencing the expression of
a target gene of interest. Buch strand ofthe siRNA duplex is
typically about 15 to about 60 nucleotides in length, prefer-
ably about 15 to about 30 nucleotides in length. In certain
embodiments. the siRNA comprises at least one modilied
nucleotide, The modified siRNA is generally less immuno-
stimulatory than a corresponding unmodificd siRNA
sequence and retains RNAI activity against the targed gene of
interest, In some embodiments. the modilied siRNA contains

atleast one 2'OMe purine or pyrimidine nucleotide such as a
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2'OMe-snanosine. 7OMe-uriding. 2'OMe-adenosine. and/or
2'OMe-cytosine nucleoside. In preferred embodiments. one
or more ofthe uridine and/or guanosie nucleotides are modi-
fied. The modified nucleotides can be present in one strand
(i.a.. sense of antisense) or bath strands of the siRNA. The

siRNA sequences may have overhangs (e.g.. 3° or 3 over-
hangs as described in Elbashir et al. Geres Dev, 15188
(2007) or Nyinen et al. eff, 1072309 (2001). or may lack
overhangs (1.¢., have blunt ends).

The modified siRNA generally comprises from about 1%
to about 100% (@.2.. about 1%. 2%. 3%. 4%. Mo. Go, 7.
8%. He. 10%. 11%. 12%. 13%. 14%. 13%. 16%. 17%. 18%.
19%. 20%, 21%. 22%, 23%, 24%. 23%. 26%. 27%. 28%.
29%, 30%, 35%. 40%, 45%. 30%, 55%. GO%. 65%, 708.

75%. 80%, 85%. 90%, 95%. or 100%) modified nucleotides

in the double-stranded region of the siRNA duplex. In certain
embodiments. ong. two. three. four. five. six. seven. aight.
nine. ten. or more of the aucleotides in the double-stranded

region ofthe siRNA comprise modified nucleotides,
In some embodiments. less than about 25%(c.g. less than

about 25%, 24%. 23%, 22%, 21%, 20%. 19%, [8%, 17%,
16%. 13%. 14%. 13%. 12%. 11%. 10%. 0%, 8%. 7%. 6%.

5%. 4%. 3%, 2%. a 1%) of the aucleotides in the double-
stranded region ofthe siRNA comprise modified nucleotides.

In other embodiments. fram about 1%to about 25%(e.g..
from about 1%-25%, 2%%-25% a, 3-25%, AM? 5%, 59-25%.
6%-25%. 7%-25%,—-8%-25%.—9%-23%., —10%-25%,
11%-25%. 12%-25%. 13%-25%. 14%-23%. 13-25%.
16%25%, 17-25%. 18%-25%. 1 Oo25%,

21%25%, 22%-25%, 23%-25%. 24%-25%, cic.) or from
about 1%io about 20%(e.g... from about 1%-20%, 25-20%,
3%-20%. 4%-20%. 50-20%. 6%-20%, 7%-20%. 8%-20%.
9%-20%. 10%-20%, 11-20%. 12%-20%. 13%-20%, 14%-
20%. 15%20%, 16%20%. 17 %o-20%, 89-20%,
19-20%, 1%- 19%, 2%- 10%. 30-10%. 49-1 0%, 500-198,
G%-19%. 7%-19%,  R8O-19%%. 98-19%. 108-1 9%,
11%-19%.,  12%-19%. 13%-10%., 14%-19%,  13%6-19%.
16%-19%, 17%-19%,  18%-19%. 1%- 18%. 24-18%.
3Yp- 18%. 4%0- 18%. 5%- 18%, G%- 18%, 78-18%. 89-189,
O%-1 8%. 10%- 18%, 11%-18%. 12%- 18%, 13%-1 8%, 14%-
18%. 15%-18%. 16%-18%. 17%-18%. 1%-1 7%. 2%-1 7%.
3%-1 7%. 4%0-1 7%. S%-1 7%. 6-1 7%, 70-17%. 8%-1 7%.
O%-17%, 10%-17%, 11%- 17%, 12%-1 7%, 13%-17%, 14%-
17%. (5%17%, 169-1 7%. 1%-16%, 2%o- 16%, 30-16%,
4%- 16%. 3-160. 6%o- 16%, 7%- 16%, 88-16%. 98-16%,
10%-16%. 11%-16%. 12%-16%. 13%-16%. 14%-16%.
15%-16%. 1%-15%. 2%- 1 %e. 3%- 15%. 4%-1 5%. 30-1 5%.
G%-15%. 7%-15%,  Beo-i 5%. 08-15%. 108-1 5%,

11%-15%, 12%-15%. 13%-15%, 14%-15%. vic.) of the 5
nucleotides in the double-stranded region ofthe siRNA com-
prise modified nucleotides.

In further embodiments. ¢.2.. when one or both strands of
the sIRNA are selectively modified at uridine and/or pua-
nosing nucleoudes, the resulting modified siRNA cun com- 55
prise less than about 30% modified nucleotides (¢.2.. less than
about 30%, 29%. 28%. 27%. 26%, 25%. 24%, 23%, 22%,
21%, 20%. 19%. 18%. 17%. 16%. 13%. 14%. 13%. 12%,
11%. 10%, 0%, Ro ty Fo. 6%, 5%, 4%, 3%. 2%, or 1% meodi-

fied nucleotides) or from about 1% to about 30% modified
nucleotides (a... from about 1%-30%, 2%-30%, 3%-30%.
49-30%, 3%-30%. 6%30%, 70-30%, 82-30%, 9%-30%,
10%-30%, 11%308%. 129-30! 13%-30%, 14%-30%,
15-30%, 16%308%. 1780-30! 1B%-30%, 19%-30%,
20-30%, 21%30%. 22%-30%. 23%-30%, 24%,
25%-30%, 26%-30%. 27%-30%. 28%-30%. or 20%%-30%

madified nucleotides),

20-25%. 3
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a. Selection of siRNA Sequences
Suitable sIRNA sequences can be identified usmy any

means known in the art. lypically, the methods described in
Hibashir et al., Nafvre, 411:494-498 (20010) and Ubashir et
al. EMBO/, 20:6877-6888 (2001) are combined with ratio-
nal design rules set forth in Reynolds et al.. Nature Biotech.,
22(3)9:326-330(2004).

Generally. the nucleotide sequence 3 of ihe AUG start
codon of a tanscript from the target gene of interest is
scanned for dinucleatide sequences (2.2... AA. NAL CC. GG.
or UU. wherein NC. G. or Uj (see. ag. Elbashir at al.
EMBO J, 20:6877-6888 (2001)). The nucleotides immedi-
ately 3 to the dinucleotide sequences are identified as poten-
tial siRNA sequences (1.2.. a larect sequence or a sense strand
sequence). Typically. the 19.21. 23.25.27. 29.31.33. 35. or
more nucleoiides immediaicly ¥ to the dinucleotide
sequences ure identified as potential si@NA sequences. In
some embodiments, the dinucleotide sequence is an AA or
NA sequence and the 19 nucleotides immediately 3' to the AA
or NA dinucleotide are identified as potwwntial siRNA
sequences. SIRNA sequences are usually spaced at different
positions along the length of the target gene. Vo further
enhance silencing efliciency of the siRNA sequences. poten-
tial siRNA sequences maybe analyzed to identifysites that do
fot contain regions of homologyto other coding sequences.
e.g. in the target cell or organism. Vor example, a suitable
siRNA sequence ofabout 21 base pairs typically will not have
more than 16-17 contiguous base pairs ofhomologyto coding
sequences in the target cell or organism. Wo the siRNA
sequences are to be expressed from an RNA Pol IT promoter,
siRNA sequences lacking more than 4 contiguous A’s or Ts
are selecied.,

Once a potential siRNA sequence has been identified. a
complementary sequence (i.¢.. an antisense strand sequence)
can be designed. A potential siRNA sequence can also be
analyzed using a variety of criteria known im the art. Cor
example. to enhance their silencing efficiency. the siRNA
sequences maybe analyzed bya rational design alaorithimto
identify sequences that have one or more ofthe following
features: (1)G/C content ofabout 25%to about 60%GC: (2)
at least 3 A/Us at positions 15-19 of the sense strand: (3) no
internal repeats: (4) an A al position 19 of the sense strand: (3)
an A al position 3 ofthe sense strand: (6)4 U at position 1Oof
the sense strand: (7) no G/Cat position 19 of the sense strand:
and (8) no G at position 13 ofthe sense sirand. sitNA design
tools that incorporate algorithmsthat assign suitable values of
each ofthese features and are useful lor selection of siRNA

can be found ate... https /hov004 usthk/RNAWSIRNA, One
of skill in the art wall appreciate that sequences with one or
more of the foregoing characteristics may be selecicd for
further analysis and testing us potential siRNA sequences.

Additionally. potential siRNA sequences with one of more
ofthe following criteria can often be eliminated as siRNA: (1)
sequences comprising a siretch of4 or more ofthe sume base
Ina rew: (2) sequences comprising homopolymers olGs (.c.,
to reduce possible non-specific effects due to structural char-
acteristics ofthese polymers: G) sequences comprising tiple
base motifs (2.9... GGG. CCC. AAA, or ITT): G) sequences
comprising stretches of 7 or more GACs In a row, and (5)
sequences comprising direct repeats of4 or more buses within
the candidates resulting in internal fold-back structures.
However. ong ofskill in the art will appreciate that sequences
with one or more ofthe loregoing charactenstics muystill be
selected for further analysis and testing as potential siRNA

5 SUQUCNCCS.

Ja some embodiments. potential siRNA sequences may be
further analyved based on siRNA duplex asymmetry as
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described in. ¢.2.. Khvorova et al. Coeff, 115:209-216 (2003):
and Schwary at al. Ceff, 115:199-208 (2003). In other
embodimenis, potential siRNA sequences may be further
analyzed bused on secondary structure at ihe target site as
described in. o.g.. Luo et al.. Biophys. Res. Coniun,. 318:
303-310 (2004), For example. secondary structure at the tar-
get site can be modeled using the Miold algorithm (available
at hitp.//weww.bioinlo.cpeduapplications/miold/ma/form],
cpt) to select siRNA sequences which favor accessibility at
the tareet siic where less secondary structure in the form of
base-pairing and stem-loops is present.

Once a potential siRNA sequence has been identified. the
sequence can be analyzed for the presence of any immune-
sumulatory propertics, c.g... using an in vitro cytokine assay
or an in vivo animal model, Motifs m the sense and/or ant-

sense strand ofihe sug@NA sequence such as GU-nch motils
(eg. S-GU-3°S-UGU-3)3S-GUGUES' 3S -UGUGU-3' ete)
can also provide an indication of whether the sequence may
be immuaostimulatory. Once an siRNA molecule is found ta
be immunostimulatory. 1t can then be modified to decrease iis
immunostimulaiory propertics as described herein. As a non-
limiting example. an siRNA sequence can be contacted with
a manunalian responder cell under conditions such that the
cell produces a detectable immune response to determine
whetherthe siRNA is an immnnostimulatory or a non-imumu-
nostimulatery siRNA. The mummalian respondercell may be
from a naive mammal (i.¢..a mamunal that has not previously
been in contact with the gene product of the siRNA
sequence). The mammalian responder cell may be. og. a 3
peripheral blood mononuclear cell (PBMC). a macrophige.
and the Ike. The detectable immune response may comprise
production ofa cytokine or growth factor such as. e.g... TNI-
ot. TPIN-c, TPN-B. TFN-y. 10-6. 10-12. or a combination
thereof An siRNA molecule identified as being mmuno-
sumulatory cun then be modified to decrease its immuno-
sumulatory properties by replacing at least one ofthe nucle-
otides on the sease and/or antisense strand with modified

nucleotides. For example. less than about 30% (2.2... less than
about 30%, 25%). 20%. 15%. 10%, or 5%) afthe nucleotides
in the double-stranded region ofthe siRNA duplex can be
replaced with modified nucleotides such as 2'OMe nucle-
otides. The modified siRNA can thea be contacted with a

mammalian respondercell as described above to condirm that
its ImmMuUnoOstimulaiory propertics have been reduced or abro-
gated,

Suitable in vitro assays for detecting an immune response
include. but are not limited to. the double monoclonal anti-

bodysandwich immunoassay technique of David ct al. (US.
Pat. No. 4.376.100): moneclonal-polyclonal unibody sand- 5
wich assays (Wide et al.. in Kirkhamand Hunier. eds. Radio-
inumunoassav Methods. ©. aad S. Livingstone. Edinburgh
(1970)): the “Western blot” method ofGordonetal. (ULS. Pat,
No. 4.452.901): immunoprecipitation of labeled ligand
(Brown et al. J) Biol Chen, 255:4980-4983 (1980): 55
enzyme-linked immunosorbent assays (ELISA) as described.
for example. by Raines et al. / Biol Chenz., 237:5154-5160
(1982): immunocytochemical techniques. including the use
affluorochromes (Brooks et al. Chia. Bay. danuatol., 39:477
C980): and neutralization of activity (Bowen-Popeet al..
Proc, Natl. dead, Sci, USA, 81:2396-2400(1984)), In addi-
Hon to the immunoassays described above. a number ofother
immunoussiays are avallable, including those described in
US. Pat. Nos. 3.817.827, 3.850.752: 3.901.654, 3.035.074:
3.984.533: 3,996,345: 4.034.074: and 4.098.876. The disclo-

sures of these references are hereia incorporated byreference
in their entirety for all purposes.
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A fon-limiting example of an in vive model for detecting,
an immune response includes an in vive mouse cytokine
induction assay as described in. c.g... Judge et al. Mol Sher,
13:494-505 (2006). In certain embodiments, the ussuy that
can be performed as follows: (1) siRNA can be administered
bystandard intravenous injection in the lateral tail vein: (2)
blood can be collected by cardiie puncture about 6 hours alter
administravion and processed as plasmalor eytokine analysis:
and (3) cytokines can be quantified using sandwich HLISA
kits according to the manulacturer’s instructions (¢.2.. mouse
and humana JIN-c (PRO Biomedical: Piscataway. NJ):
human 7 .-6and TNE-c (eBioscience: San Dhege. Calif}; and
mouse IL-6, UNU-c. and IPN-y (3D Biosciences: San Diego,
Calif).

Monoclonal antibodiesthat specifically bind cytokines and
growth factors are commercially available from muluple
sources and cun be generated using methods knowninthe art
(sec. cg.. Kobler et al. Nature, 256: 495-497 (1975) and
Harlow and Lane. ANTIBODIES. A LABORATORY

MANUAL. Cold Spring Harbor Publication. New York
(19993). Generation of monoclonal unitbodies has been pre-
viously described and cun be accomplished by any means
known ia the art (Bulring etal. in Dybridoma, vol. 10. No.1.
pp. 77-78 (1991)). In some methods. the monoclonal anti-
body is labeled (c.p.. with any composition detectable by
spectroscopic. photochemical, biechemical, clecirical, opti-
cal. or chemical means) to Faciliiate detection.

b, Generating siRNA Molecules
SIRNA can be provided in several forms including. ¢.9.. as

one or more Isolated smail-interfering RNA (sIRNA)
duplexes. as longer double-stranded RNA (dsRNA), or as
siRNA or dsRNA transeribed from a iranscripuional cussctte
in a DNA plasmid. The siRNA sequences may have over-
hanes (2.2. 3’ or S' overhanes as described in Elbashir et al..
Genes Dev, 15:188 (2007) or Nykanenet al. Ceff, 107-309
(2001). or maylack overhangs (i.c., to have blunt ends),

An RNApopulation can be used to provide long precurser
RNAs. or long precursor RNAs that have substantial or com-
plete identity to a selected target sequence can he used to
make the siRNA. The RNAs can be isolated from cells or

ussuc, synthesized, and/or cloned according to methods weil
knowa to those of skill in the art. The RNA can be a mixed

population (obtained from cells or lissue. transcribed from
cDNA, subtracted. selected. etc.). or can represent a single
iarget sequence. RNA cun be naturally occurring, (¢.g., 0-
lated from ussue or cell samples), synthesized in vitro (e.z.,
using T7 or SP6 polymerase and PCR products or a cloned
cDNA). or chemically synthesized.

‘To form a long dsRNA. for synthetic RNAS, the comple-
ment is also transcribed in vitro und hybridized io form a
dsRNA. (Pa naturally occurring RNA populationis used, the
RNA complements are also provided (e.g.. to form dsRNA
for digestion by £. coff RNAse Hl or Dicer). e.g. by tran-
scribing clINAs corresponding to ihe RNA population, or by
using RNA polymerases. The precursor RNAs are then
tybndized to form double stranded RNAs for digestion. The
dsRNAs can be directly administered to a subject or can be
divested ia vitro prior to administration.

Methods for olating RNA. synthesizing RNA. hybridiz-
ing nucleic acids, making and sereenmy clNAlibrarics, and
performing PCRare well knownin the art (see. e.g... Gubler
and Hottman. Geve. 25:263-269 (1983): Sambrank et al.
supra: Ausubel ct al. supra}. as are PCR methods (sec, US.
Pat. Nos. 4.683, 195 and 4.683.202: PCR Protocols: A Guide

to Methods andApplications (Innis ctal., cds. 1990)). Expres-
sion libraries are also well knownto those ofskill ia the art.

Additional basic texts disclosing the general methods of use

JA00266



JA00267

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 271 of 695 PageID #: 7062Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 271 of 695 PagelD #: 7062

US 9,364,435 B2

33

in this invention include Sambrook at al. Afolecuflar Cloning.
A Laboratory Manual (2nd cd. 1989): Kricgler, Gene Trans-
fer and Expression: 4 Laboratory Manual (1990). and Cur-
rent Protocols in Molecular Biolagy (Ausubel et al., eds..
1994). The disclosures of these references are herein incar-
porated byreference in their entiretyfor all purposes.

Preferably. siRNA are chenucally synthesized. ‘The olizo-
nucleotides that comprise the siRNA molecules of ihe inwen-
lion can be synthesized using any of a variety of techniques
known ithe art. such as those described in Usmanet al..7

Am, Ghent Soc. 100.7845 (1987): Scaringe et al.. Nucl. Acids
Res, 18:5433 (1990). Wincott ct al. Nucé Acids Res.,
23:2677-2684 (1995): and Wincott et al., Methods Mol. Bio.
74:39 (1997), The synthesis ofoligonucleotides makes use of
common nucleic acid protwcting and coupling groups. such as
dimethoxytrity] at the Send and phosphoramidites at the
3-end. As a non-limiting example, small scale syntheses can
be conducted on an Applicd Giosystems synthesiver using a
0.2 wmol scale protocol. Alternatively. syntheses at the 0.2
uimol scale can be performed on a 96-well plate synthesizer
from Protogenc (Palo Alto. Calif}. Plowever. a larger or
smaller seale of synthesis is also within the scope ofthis
invention. Suitable reagents for oligonucleotide synthesis.
methods for RNA deprotection. and methods for RNA puri-
fication are knowa to those of skill in the art.

si@NA molecules can also be synthesized via a tandem
synthesis technique, whercin both strands are synthesized as
asinale continoous oligonucleotide fragment or strand sepa-
rated by a cleavable linker that is subsequently cleaved ta
provide sepuraic fragments or strands that hybridize to form
the si&NA duplex. ‘Uhe linker can be a polynucleotide linker
or a non-nucleotide linker. ‘Uhe tandem synthesis of siRNA
can be readily adapted to both multiwell/multiplate synthesis
plavorms as well as large scale synthesis plattorms employ-
ing batch reactors, synihesis columns. und the like. Altcrna-
tively. siRNA molecules can be assembled from iwedistinct
ohgonucleeiides. wherein one oligonucleotide comprises the
sense strand and the other comprises the antisense strand of
the siRNA. For example. each strand can be synthesized
separately und joined together by bybndization or ligation
following synthesis and/or deprotection. In certain other
instances. SIRNA molecules can be synthesized as a single
continuous oligonucleotide fragment. where the self-comple-
mentary sense and antisense regions hybridize to form an
sIRNA duplex having hairpin secondarystructure.

c. Modifying siRNA Sequences
In certain aspects. siRNA molecules comprise a duplex

having twostrands and at least one modified nucleotide imthe
double-stranded region, wherein cuch strand 1s about 15 to
about 60 nucleotidesin length. Advaniagcously, the modified
sIRNA is less immunostimulaiory than a corresponding
namoadified siRNA sequence. but retains the capability of
silencing the expression of a target sequence. Jn preferred
embodimenis, the degree of chemical modificutions intro-
duced into the siRNA molecule strikes a balance between

reduction or abrogation of the immmunostimulatory properties
ofthe siRNA and retention of RNAI activity, As a aon-limit-
ing example. aa siRNA molecule that lareets a gene ofinter-
est can be minimally modified (c.g... less than about 30%,
25%. 20%. 15%, 10%. or 5%modified) ai sclective undine
and/or guanosine nucleotides within the siRNA duplex to
eliminate the immune response generated by the siRNA while
rolaining its capability to silence target gene expression.

icxaumples of modified nucleotides suitable for use in the
invention include. but are not limited to, nbonnelcoudes hav-

ing a 2O-methy! (2OMej). 2-deoxy-2'-flyora (@'F).
2deoxy.  3-C-methyl.  2'-O-(2-methoxyethyl) (MOE).
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4-thio. 2-aminoe. or 2'-C-ally] group. Modified nucleotides
having a Northern conformation such as those described im,
cg. Sucnger. Principles ofNucleic Acid Structure, Sprimger-
Verlag Hd. (1984), are also suitable for use in siRNA mol-
ecules. Such modified aucleotides include. without limita-

tion. locked nucleic acid (LNA) nucleotides (@.2.. 2'-O. 4-C-
methylene-(D-riboturanosyl) nucleotides}. 2'-0)-(2-
methoxyethy!) (MOR) aneleouides. 2'-meihy)-thio-cihy!
nucleotides. 2'-deoxy-2'-fluora (2'F) nucleotides. 2'-deoxy-
2Uchlore (2'CU aucleotides. and 2'-avido nucleatides. In cer-
tain instances. the sIRNA molecules described herein include

one or more G-clamp oanueleoudes. A G-clamp nucleotide
refers to a modified cytosine analog wherein the modifica-
tions confer the ability to hydrogen bond both Watson-Cirick
and Hoogsteen faces ofa complementary guanine nucleotide
within a duplex (see, e.g.. Lin et al. / din Chem Soc,
120:8531-8532 (1998)). In addition. nucleotides having a
nucleotide base unalog such as. for example, C-phenyl,
C-naphthyl. other aromatic derivatives. inosine. azole car-
boxamides. and nitraavole derivatives such as 3-nitropyrrole.
4-niiromndole, 5-nitromdole, und 6-nitroindole (see. e.g.
Loukes. Nuct. Acids Res., 29:2437 -2447 (20013) can be ineor-
porated into SIRNA molecules.

Jn certain embodiments. siRNA molecules may forther
comprise one or more chemical modifications such as termi-
nal cup moicties, phosphate backbone modifications, and the
hike. Examples of terminal cap moictics include. without
limitation. inverted deoxy abasic residues. glyceryl modifi-
cations. 4S-methylene nucleotides. 1-(3-D-ervthrofurane-
syl} nucleotides, 4'-thie nucleotides, curbocyclic nucleotides,
15-anhydrohexitol nucleotides, 1-nueclcotides. c-nucle-
otides, modified base nucleotides. threo-peniofuranosy!
nucleotides. acyclic 3'.4'-seco nucleotides. acyclic 3.4-dihy-
droxybutyl ancleotides. acyclic 3.5-diliydroxypenty] aucle-
otides, 3'-3'-inverted nucleotide moicties. 3'-3'-invericd aba-
sic moIcuics, 3'-2"inverted nucleotide moietics, 3'-2'-nverted
ubasic moictics, 5'-5'-inverted nucleotide moictics, 5'-5'-in-

verted abasic moieties. 3'-5-inverted deoxy abasic moieties.
S-amino-alky] phosphate. 1.3-diamino-2-propyl phosphate.
3-aminopropy] phosphate. 6-aminohexy] phosphate. 1.2-
aminododecy! phosphate. bydroxypropyl phosphate. 1.4-bu-
tanediol phosphate. 3'-phosphoramidate. 5'-phosphorami-
date. hexylphosphate. aminohexyl phosphate. 3'-phosphate.
S-aming. 3'-phosphorothioate. S'"-phosphorothioate. phos-
phorodithioate. and bridging or non-brdging methyiphos-
phonate or S-mercupta moieties (sec. ce. US. Pat. No.
5.998.203: Beaucage at al. Tetrahedron 49:1925 (1993)).
Non-limiting examples ofphosphate backbone modifications
(.c.. resulting in modified intemucieotide linkages) include
phosphorothioate. phosphorodithioate. methylphosphonate,
phosphotriester, morpholino, amidate. curbumate, carboxym-
ethyl. acetamidate. polyamide. sulfonate. sulfonamide. sulfa-
mate. formacetal. thioformacetal. and alkylsily! substitutions
(sec. e.g., Ulunvikeret al., Nucleic Acid Analogues: Synthesis
and Properties. in Modern Svathetic Methods VCUL. 331-417
(1993). Mesmaeker et al.. Novel Backbone Replacementsfor
Gigenucteatides, 10 Carbohydrate Modifications in Anti-
sense Research.ACS. 24-39 (19944). Such chemical modifi-
cations can occur ai the S'-end and/or 3'-cnd ofthe sense
strand, antisense strand. or both strands of the siRNA. The

disclosures of these references are herein incorporated by
reference in their entirety for all purposes.

In some embodiments. the sense and/or antisense strand of

the RNA molecule can further comprise a 3'-terminal over-
hang having about | to about 4 (cp. 1, 2.3, or 4) 2'-deoxy
nbonucleotides and/or any combination of modified and
unmodilied nuclentides. Additional examples of modilied
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nucleotides and types of chemical modifications that can be
introduced into siRNA molecules are described, cg.. m UK
Patent No. GB 2,397,818 Band US. Patent Publication Nos.
20040192626, 20050282188. and 20070135372. the disclo-

sures of which are herein incorporated by reference in their
antirety for all purposes.

The siRNA molecules described herein can optionally
comprise one or more non-nuclcotides m one or both sirands
af the siRNA. As used herein, the term “non-nucieotide”

refers touny group or compound that cun be incorporated into
a nucleic acid chain in the place of one or more nucleotide
nits. inciodine sugar and/or phosphate substitutions. and
allows the remaining bases to exhibit their activity. The group
or compoundis abasic in that it docs not contain a commonly
recognized nucleoude base such as adenosine, guanine.
eytosing, uracil, or thymine and therefore lacks a base at the
i'-position,

In other embodiments. chemical modification of the

siRNA comprises attaching a conjugate to the siRNA mol-
ecule. The conjugate can be attached at the 5’ and/or 3'-end of
the sense and/or antisense strand ofthe sIRNA via acovalent

atlachment such as, ¢.g.. a biodegradable linker. ‘The conju-
gate can also be attached to the siRNA. e.g. through a car
bamate group or other linking group (see. e.g. US. Patent
Publication Nos. 20050074771. 20050043219. and

20050158727). In certain instances. the conjugate is a mol-
ecule that facilitates the delivery of the siRNA into a ceil.
ixamples of conjugate molecules suitable for auachment to
SIRNA include. without limitation. steroids such as choles-

eral. alycols such as polyethylene glycol (PEG). human
scrum albumin (ISA). fatty acids, carotenoids. terpenes, bile
acids. folates (e.g... folic acid, folate analogs und derivatives
thereof). sugars (c.g. galactose. palactosumine, N-acetyl
galactosamine. glocose. mannose. fructose. ficose. etc.)
phospholipids. peptides. ligands for cellular receptors
capable of mediating cellular uptake. and combinations
thereof(see. e.g... US. Patent Publication Nos. 20030130186.
20040110296, and 20040249178: U.S. Pat. No. 6.753.423).

Other examples include the lipophilic moiety. vitamin, poly-
mer. peptide. protein. nucleic acid. small molecule. oligasac-
charide. carbohydrate cluster. intercalator. minor groove
binder. cleaving agent. and cross-linking agent conjugate
molecules described in ULS. Patent Publication Nos.

20050119470 and 20050107325. Yet other examples include
the 2'-O-alky] amine. 2'-O-alkoxyalkyl amine. polyamine.
CS-cationic modified pyrimidine. cationic peptide. guani-
diniumgroup. amidininiim group, cationic amine acid con-
jugate molecules described in US. Patent Publication No. 5
20050153337. Additional examples include the hydrophobic
group. membrane active compound. cell penetraiag com-
pound. cell targeting signal. interaction modifier. and steric
stabilizer conjugate molecules described m U.S. Patent Pub-
lication No. 20040167090. Further examples include the con- 35
jugate molecules described in U.S. Patent Publication No.
20050239739, The type of conjugate used and the extent of
conjugation to the siRNA molecule can be evaluated for
improved pharmacokinetic profiles, bioavailability, and/or
stability ofthe siRNA while retainmge RNAactivity. As such.
one skilled in the art can screen siRNA molecules having
various conjugates attached thereto to idenufy ones having,
improved properties and full RNAI activity using, any ofa
varicty of well-known invitro cell cullure or in vive animal
models. The disclosures ofthe above-described patent decu-
ments are herein incorporated by reference in their entirety
for all purposes.
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d. Target Genes
The siRNA component ofthe nucleic acid-hpid particies

described herein can be used to downregulate or silence the
iranslavion (Le.. expression) of a pene ofinterest. Genes of
interest include. but are not limited to. genes associated with
viral infection and survival. genes associated with metabolic
discuses and disorders (c.g... liver discases and disorders),
genes associated with tumongenesis and cell transformation
(¢.g.. Cancer). afiginvenic genes. immunomodulator genes
such as those associated with inflammatoryand autoimmune
responses. ligand receptor genes. and genes associated with
neurodegencrative diserders.

Genes ussociaicd with viral infection and survival include

those expressed bya virus inorder to bind. enter. and replicate
ia cell, Of particular interest are viral sequences associated
with chronic viral discases. Viral sequences of particular
Interest include sequences of Filoviruses such as Ubola virus
and Marbury, virus (sec. c.g., Geisbert ct al, 4 fefect. Dis.,
193:1650-1657 (2006)) Arenaviruses such as Lassa virus.
Junin virus. Machupo virus. Guanarite virus. and Sabia virus
(Buchmeier ct al, Arenaviridac: the viruses and their repli-
cation, In: Finnps Vironocy, Knipe etal. feds.). 4th ed.. 1 ip-
pincou-Raven. Philadelphia. (2001 )): Influenza viruses such
as Influenza A. 2. and © viruses. (see. ¢.2.. Steinhauer etal.
Annu Rev Genet... 36:305-332 (2002): and Nenmannet al../
Gen Virol. 83:2635-2662 (2002)): [lopatitis viruses (see. cg.
Hamasaki et al. FBS Lett, 543:51 (2003); Yokota et al,
EMBO Rep, 4:602 (2003). Schlomai et al. Mepatategr,
37:764 (003). Wilson et al. Proc. Natl Acad. Sci. USA,
100:2783 (2003). Kapadiaet al., Proc. Nath Acad. Sei. USA,
100:201 4 (2003): and Finns Virococy, Knipe etal, (eds.}, 4th
ed... Lippincoti-Raven, Philadelplia (2001)), Human immn-
nodeficiency Virus (HIV) (Banerjea et al.. Afol Ther. 8:62
(2003). Sone etal. 4 Firad. 77:7174 (2003) Staphenson.
JAMA, 289:1494 (2003): Qin et al.. Proc, Nati. Acad. Sei.
C84, 100:183 (2003). Ulerpes viruses (lia ct at, fo Hiro,
77:330) (20033): and Human Papilloma Viruses (UPVC Tall
etal. 4 Prref. 77:6066 (2003) Jiang et al. Crcogene,
2126041 (2002)).

i:xemplary Vilovirus nucicic acid sequences that cun be
silenced include. but are not limited to. nuclei acid

sequences encoding structural proteins (e.2.. VP30. WP35.
aucleoprotein (NP). polymerase protein (1.-polj) and mem-
brane-associated proteins (e.g.. VP40. alyeoproteia (GP).
VP24). Complete genome sequences lor Nbola virus are set
forth mm, eg. Genbank Accession Nos. NC_002540;
AY769362,  NC_006432:  NC_OO4161:  AY729654:
AY354458, AY 142960. ABOS0036: AP522874: AFP499101.

AL272001; and APO86833. [bola virus VWP24 sequences ure
set forth im, eg.. Crenbank Accession Nos. U77385 and
AYO58897. [bola virus 1-pol sequences are set lorih in. eg.,
Genbank Accession Ne. X67110. bola virus VP40

sequences are set forth in. eg. Genbank Accession No.
AYOS58896. [bola virus NP sequences are set forth in. eg.,
Genbank Accession No. AYOS8895. [bola virus GP

sequences are set forth in. eg. Genbank Accession No.
AYOS8898. Sanchez et al.. Mirus Res. 29:215-240 (1093).
Will et al. A Fired, 67:1203-1210 (1993): Volchkowat all.
LEBSLett, 305:181-184 (1992): and US. Pat. No. 6,703,
069, Additional Ebola virus sequences ure sei lorth in. e.g.,
Genbank Accession Nos. 111365 and X61274. Complete
genome sequences lor Marburg virus are set forth ia. eg..
Genbank Accession Nos. NC_OGIGO8: AY430365.
AY430366; and AY358025. Marbury, virus GP sequences ure
set fori in. e.g. Crenbank Accession Nos. AV005734,
APOOS733. and APOQOS732. Marburg virus VWP35 sequences
are set forth in. ag... Genbank Accession Nos. AP005731 and
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AKO005730. Additional Marburg virus sequences are set forth
in. og. Genbank Accession Nos. X64406. 429337:
AVFOO5735: and 412132. Non-lmiiing examples of siRNA
molecules targeting Ebola virus und Marburg virus nucicic
acid sequences include those described in US, Patent Pobli-
cation No. 20070135370. the disclosure of which is herein

incorporated byreference in its entirety lorall purposes.
(cxcmplary Indluenva virus nucleic acid sequences that cun

be silenced include. but are not limited to. nucleic acid

sequences encodings nucleoprotein (NP). matrix proteins (M1
and M2). nonstructural proteins (NS) and NS2). RNA poly-
merase (PA, PBL. P32), neuraminidase (NA), and hacmug-
ghitinin (1A). Influenza A NPsequences are set forth in. c.g.
Genbank Accession Nos. NC_004522:  AYSIS8138:
ABI66863: ABI88817. ABI89046: AB 189054. ABIS9062:
AYG46160: AYG4SOI77: AYGSL486, AYGS 1493: AYG51 404:
AYGS 1495: AYGS 1496: AY651497, AYGS 1498: AYG51409:
AYG6S 1500: AYGSISO1: AY651502, AYGS5 1503: AYG651504:
AY651503. AY63 1506: AY631 507. AY651309. AY651528:
AY770996. AY7O0308. AY818138: and AY818140. Tatu-

enva A PA sequencesare set lorih in. e.g, Genbank Accession
Nos. AYSISI32: AY?7OO2RO: AYG46171. AYRI8i32:
AY$ 18133: AY646170: AY818134. AY551934: AY651613:
AYG6S1610: AY651620: AYGS1617. AY651600; AY651611:
AY651606: AY651618: AYG51608. AY651607: AY651605:
AYGS 1600: AYGSIGIS: AY651616, AYGS 1640: AYGS1614:
AYGS1G12: AY6S51621, AY6S51619 AY770095: and

AY724786, Non-limitiag examples of siRNA molecules tar-
geting Tntiuenza virus nucleic acid sequences include those
desenibed in U.S. Patent Publication No. 20070218122, the 3

disclosure of whichis herein incorporated byrelerencein iis
entirelyfor all purposes.

Uxemplary hepatitis virus nucleic acid sequences that can
be silenced include. but are not limited to. nucleic acid

sequences involved in Lranseription and iranslation(c.g... Hint.
iin2, X, P) and nucleic acid sequences cneodiny, structural
protems fe.g.. core protcins including C and (-rclated pro-
teins. capsid and envelope proteins including S$. M. aad/or L.
proteins. or fragments thereon!) (see. e.g. Fieuos Wiroreiv.
supra). [ixemplary Hepatits C virus GICV) aneleic acid
sequences thai can be silenced include, but are not limited to.
the S-untranslated region G'-UTR) the 3'-untranslated
region G-UTR). the polyprotein translation mitiation codon
region, the internal nbosome entry site (URES) sequence.
and/or nucleic acid sequences encoding the core protein, the
12] protem, the 12 protein. the p? protein. the NS2 proicin. the
NS3protease/helicase. the NS44 protein. the NS4]3 protein.
the NS3.4 protein. and/or the NS3B RNA-dependent RNA
polymerase. HCV genome sequences are set forth in, e.g.
Genbank Accession Nos. NC_004102 (HCY genotype la}. 5
AJ238799 (LHICWgenotype Ib). NCO_O09823 (FICV genotype
2) NC_009824 (HCY genotype 3). NC_009825 (HCW genca-
type 4). NC_000826 (HCV genotype 5). and NC_Q09827
(HCYgenotype 6). Uepatitis A virus nuelcic acid sequences
are set forth in. ¢.g.. Genbank Accession No. NC_OO]489: 55
Hepatitis 13 virus aucleic acid sequences are set forth in. e.g.
Genbank Accession No. NC_003977: Tlepatitis 1D virus
nucleic acid sequence are set forth in. a.g.. Genbank Acces-
sion Noe. NC_OO1653, Ulepatitis Fo virus nucleic acid
sequences arc set forth in, e.g... Genbank Accession No.
NC_001434) and Hepatitis G: virus ancleic acid sequences are
set forth ia. 2g. Genbank Accession No. NC_01710.
Silencing of sequences that encode genes ussociaicd with
viral infection and survival can conveniently be used in com-
bination wiih the administration of conventional agents used
to treat the viral condition. Non-limiting examples of siRNA
molecules targeting hepatitis virus nucleic acid sequences
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iaclude those described in U.S. Patent Publication Nos.
20060281175. 20050058982. and 20070149470: US. Pai.

No. 7.348.314; and US. Provisional Application No. 61/162,
127. fled Mar. 20, 2009. the disclosures of which are herein

incorporated by reference ia their enuretyfor all purposes.
Genes associated with metabolic diseases and disorders

(c.g... disorders in which the liver is the target and liver dis-
cases und disorders) include. lor example, zones expressed in
dyslipidemia (e.a.. liver X receptors such as LXARa and
LARD (Genback Accession No. NM_007121). farnesoid X
receptors (PAR) (Genbank Accession No. NM_005123). sta-
rol-regulatery clement binding protein (SREBP). site-1 pro-
case (SIP), 3-hydroxy-3-methylglutary! cocnzyme-A reduc-
tase GIMG coenzyme-A reductase) apolipoprotin B
(ApoB) (Genbank Accession No. NM_000384). apolipopro-
tein CU (CApot73) (Genbank Accession Nos. NM_000040
and Nc3_008940 REGION: 5001.8164), and apolipoprotcin
Eo (Apol) (Genbank Accession Nos. NM_0O00041 and
NG_007084 REGION: 3001.8612)): and diabetes (e.2.. alu-
cose 6-phosphiatase) (see. ag.. Forman et al. Ceff, 81687
(1995); Seol ctal.. Afof, Endocrinol. 9:72 (1995), Zavackiet
al. Proc. Nath Acad. Sei, USA, 94.7909 (1997): Sakai et al.
Cell, 85:1037-1046 (1996). Duncan et al. / Biol, Chem.,
272:12778-12785 (1997): Willy et al. Genres Dev, 9:1033-
1045 (1995): Lehmannet al. 4 Biol Chear.. 272:3137-3140
(1997), Janowskici al, Nafure, 383:728-731 (1996), and Peet
etal, Ceff, 93:693-704 (1998), One of skill in the art will
appreciate that penes associated with metabolic diseases and
disorders (¢.2.. diseases and disorders in whichthe liveris a
iarget and liver discases and disorders) include genes that are
expressed in the liver tisel Pus well as and genes expressed in
other organs and tissues. Silencing of sequences that encode
aones associated with metabolic diseases and disorders can
conveniently be used in combination with the administration
of conventional agents used to treat the discase or disorder.
Non-limiting examples of siRNA molecules targeting the
ApoB pene include those described in US. Patent Publication
No. 20060134189. the disclosure ofwhichis herein incarpo-
rated byreference in its entirety for all purposes. Non-limit-
ing cxamples ofRNA molecules targeting the ApoC3 gene
include those desenbed in U.S. Provisional Application No.
61/147.235. filed Jan. 26. 2009. the disclosure of whichis

herein incorporated by reference in its enurery for all pur-
poses.

i:xamples of pene sequences associated with tumorigen-
esis and cell ransformation (c.g... cancer or other neoplasia)
include mitotic kinesins such as 1:25 (RSP. RIFI1:. Genbank
Accession No. NM_004523): serine/threaniag kinases such
as polo-hke kinase J} (PI.K-1) (Genbank Accession No.
NM_005030: Barr ctal.. Nat, Rew Mol. Cell Biol, 5:429-446
(2004): tyrosine kinases such as WIEN TL (Genbank Accession
Nos, NM_003390 and NM_001143976): inhibitors of apop-
tosis such as XLAP (Genbank Accession No, NM_OO01167):
COPY sipnalosame subunits such as CSN). CSN2, CSN3,
CSN4, CSN5 JA]; Genbank Accession No. NM_006837),
CSN6. CSN7A.CSN7B. and CSN8: ubiquitin ligases such as
COPT (REWD2: Genbank Accession Nos. NIM_022457 and
NiM_001001740): and histone deacetylases such as HDAC.
HDAC2 (Genbank Accession No. NM 001527). HIDACS,
HDAC. HDACS, HDACG, HIDACT, FIDACS, HDAC, cic.

Non-limiting examples of siRNA molecules targeting the
}:25 and ATAP genes include those described in U.S. patent
application Ser. No. 01/807,872. filed May 29, 2007, the
disclosure ofwhich is herein incorporaicd byreference in its

S entirety for all purposes. Non-limiting examples of siRNA
molecules targeting the PLK-1 gene include those described
in US. Patent) Publication Nos. 20050107316 and
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20070265438: and US. patent application Ser. No. 12/343.
342, filed Dec. 23. 2008, ihe disclosures ofwhichare herein

incorporated by reference in theirentirety forall purposes.
Non-limiting examples of siRNA molecules targeting the
CSN5 gene include those described in US. Provisional
Application No. 61/045.251. filed Apr. 15. 2008. the disclo-
sure of which is herein incorporated by reference in iis
entirelyfor all purposes.

Additional examples of gene sequences associated with
tumorigenesis and cell wanstormation include translocation
sequences such as MULT. fusion genes.BCR-ABL (Wilda et
al., Queogene, 21.5716 (2002); Scherretal. Blood, 101:1566
(2003), ThD-AMI. 1. 1WS-PLIi, TLS-bUS. PAXS-PRETIR.
BCL-2. AML I-ETO. and AMII-MTG8 (Heidenreichet al..
Blood. YOURLS7 (2003)): overexpressed sequences such as
nuiltidrug resistince genes (Nicth ct al.. PAS Lett, 545:144
(2003): Wu et al. Cancer Res. 63:1515 (20033). cyelins (Lict
al.. Cancer Res., 63:3593 (2003), Zou et al. Genes Dew,
16:2923 (2002}). beta-catenin (Verma et al. Che Cancer
Res. 9:29) (2003)). telomerase genes (Koscialek etal. Afal
Cancer Ther, 2:209 (2003)) c-MYC, N-MYC. BCL-2.
growth factor receptors (e.g. GR irbi3] (Crenbank Acces-
sion Nos, NM_005228. NM_201282. NM_201283. and

NM_201284: see also. Nagyetal. Bap. Celi Res,, 285:39-49
(2003). iebRB2/TER-2 (Genbank Accession=Nos.
NM_004448 and NM_001005862), PrbB3 (Genbank Acces-
sion Nos. NM 001982 and NM_O01005915). and Urbi34
(Genbank Accession Nos. NM_005235 and
NM_001042599): and mutated sequences such as RAS (re-
viewed in Vuschi and Borkhardt. Afod. daferventions, 2:158 3

(2002)). Non-limiting examples of siRNA molecules target-
ing the 1G-R gene include those descnbed m US. patent
application Ser. No. 11/807.872. fled May 29. 2007. the
disclosure of whichis herein incorporated byreferenceinits
entirelyfor all purposes.

Silencing of sequences that encode DNA repair enzymes
find use in combimation with the administration of chemo-

therapeutic agents (Collis et al. Cancer Res., 63:1550
(2003)). Genes encoding proteins associated with tumor
migration are also target sequences of interest, for example.
integrins, selectins. and metulloproicinuses. ‘Uhe foregoing
examiples are not exclusive. Those of skill in the arn will
naderstand that any whole or partial gene sequence that facili-
lates oF promotes tumorigenesis or cell transformation. tumor
growth. or tumor migration cun be included as a template
sequence,

Angiogenic genes are able to promote the formation of new
vessels. OF particular interest is vascular endothelial growth
factor (WEGHY (Reich et al. Mol His.. 9:210 (2003)) or
VEGFR. siRNA sequences that target VEGER aresel forth in. 5
02.513 23906864: US. Pateni Publication No. 20040142895:
and CA 2456444. the disclosures of which are hereimincar-

porated byreference in their entiretyfor all purposes.
Anti-angiogenic genes are able to mhibit neovasculariva-

tion. These genes are particularly useful for treating those 55
cancers in Which angiogenesis plays a role in the pathological
development of the disease. ixamples of anti-angiogenic
genes include. but are not limited to. endostatin (see. e.g.
US. Pat. No. 6.174.860).angiostatin (see. ¢.g., US. Pat. No.
5.639.725), and ViKGFPR2 (see. cg.. Decuussin ct al. /.
Pathol,, 188: 369-377 (1999)). the disclasures of which are
hereia mecorporated by reference in their entirety for all pur-
poses.

Immunomodulator penes ure genes that modulate one or
more immune responses. [:xamples of immunomedulator
genes include. without limitation. cytokines such as growth
factors (@.g.. TGP-c. TGT-OB. EGE. PGE IGE. NGF. PDGE.
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CGE GM-CSF. SCP. ete.) imterlenkins (e.g. IL-2. 10-4.
(.-12 (Gilletal..£ fnred., 1712691 (2003)). 10-15. 01.-18,
().-20, etc.) mterterons (e.g... (PN-o. IFN-f), IE N-y, ete.) and
TNE. Fas and Fas ligand genes are also mmiunomodulater
target sequences of interest (Sone et al. Net. Afed.. 9.347
(2003)). Genes encoding secondary signaling molecules in
hematoporctic and lymphoid cells are also included m the
present invenuion. for example, Tee family kinases such as
Broton’s tyrosine kinase (Bik) (Heinonen ot al. LESS Lett,
$27:274 (2002)).

Cell receptor ligands include ligandsthat are able to bind to
cell surface receptors (c.g. insulin receptor. PPO receptor,
G-protein coupled recepiors. receptors with tyrosine kinase
acuvity. cytokine receptors. growth fietor receptors. etc.) to
modulate (e.g... inhibit. activate. ete.) the plysiological path-
waythat the receptoris involved im(c.g... zhicose level modu-
lation, blood cell development. mitogenesis, cic.). Examples
ofcell receptor ligands incinde, but are not limited to. cyiok-
ines. growth factors. interlenkins. interferons. ervihropoietia
(:PO). insulin. glucagon. G-protein coupled receptor
ligands. cte. Templates coding for an expansion oftrinucle-
otide repeats (e.g.. CAG repeats) find use in silencing patho-
aonic sequances i Neurodavenerative disorders caused bythe
expansion of trinucleotide repeats. such as spinobulbular
muscular atrophy and tluntingion’s Disease (Caplen et al..
lium, Mol, Genet.. 11:175 (2002).

In additiontoits utility m silencing the expression ofanyof
the above-described genes for therapeutic purposes. the
siRNA described herein are also useful in research and devel-

opment appheations as well as diagnostic, prophylactic,
prognostic. clinical, and other healthcare applicutions. As a
non-limiting example, the siRNA cun be used in target wali-
dation studies directed at testing whether a gene ofimterest
has the potential to be a therapeutic target. The siRNA can
also be used in target identification studies aimed at discov-
cring genes as potential therapeutic targets.

2. aiRNA

Like siRNA. asymmetrical imertering RNA (aiRNA) can
recruit the RNA-induced silencing complex (RISC) and lead
ioctlcetive silencing ofa variety ofgenes in mammaluincells
by meduiting sequence-specilic cleavage of the target
sequence between nucleotide 1) and 11 relative tothe 5" end
af the antisense strand (Sun et al. Nat. Brotech.. 26.1379-
1382 (2008)). Typically. an aiRNA molecule comprises a
short RNA duplex having a sense strand and an antisense
strand, whereinthe duplex contains overhangs at the 3' and 5!
ends ofthe antisense strand. The aiRNAis generally asym-
metric because the sense strand 1s shorter on both ends when

compared to ihe complementary antisense strand. [In some
aspects. aIRNA molecules mybe designed. synthesized. und
annealed under conditions similar to these used for siRNA

molecules. As a non-limiting example. aiRNA sequences
maybe selected and generated using the methods described
ubove lor selecting siRNA sequences.

In another embodiment. aliRNA duplexes of various
lengths (0.2... abomt 10-25. 12-20, 12-19. 12-18. 13-17. or
14-17 base pairs. more typically 12. 13.14.15. 16.17.18. 19.
or 20 base pairs) maybe designed with overiiangsat the 3' and
S' ends of the anuisense strand to target an mRNAofinicresi.
in certain instances. the sense strand ofthe aiRNA molecule
is about 10-25, 12-20. 12-19, 12-18. 13-17. or 14-17 nucle-

otides in lenath. more typically 12.13.14. 1735.16.17. 18.179.
or 20 nucleotides in length. In certain other msiances, the
unuisense sirand of the aiRNA molecule is about 15-60,

15-50, or 15-46 nucivotides in length. more typically about
15-30. 15-25. or 19-25 nucleotides in lengih. and is preferably
about 20-24. 21-22. or 21-23 qucleotides in length.
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In some embodiments. the 3' aflisense overhang contains
ane, two, three, four. or more nontangecting nucleotides (c.g.
“AASU" “ddP", etc.) In other embodimenis, the 3'

antisense overhung contains one, two. three, four, or more
honlarecting nucleotides (e.g. “AASUU" “dTdTete.)In
cerlain aspects. the aiRN.A molecules described herein may
comprise one of more modified nucleotides. ce... in the
double-stranded (duplex) region and/orin the antisense over-
hangs. As a non-limiting example, aIRNA sequences may
comprise one or more of the modified nucleotides described
above for siRNA sequences. In a preferred embodiment. the
MRNA molecule comprises 2OMe ancleotides such as. for
examiple. 2'OMe-vguanosine nucleotides. 2’OMe-undine
nucleotides. or mixtures thereol.

In certain embodiments, al&@NA molecules may comprise
an antisense strand which corresponds to the antisense sirand
ofan siRNA molecule. ¢g.. one of the siRNA molecules
described herein. In other embodiments. aiRNA molecules

may be used to silence the expression of any ofthe target
genes set forth above. such as. c.g... genes associated with
viral infection and survival. genes associated with metabolic
diseases aad disorders. genes associated with tumorigenesis
and cell transformation. angiogenic genes. mmunomadula-
lor genes such as those associated with inflammatory and
autoimmune responses, ligand rceeptor genes, and pencs
associated with neurodepencrative disorders.

3. miRNA

Generally. microRNAs (miRNA) are single-stranded RNA
molecules of about 21-23 nucleotides in length which regu-
late pene expression, mRNAs ure encoded by genes from
whose DNAtheyare transcribed. but miRNAs are not irans-
lated into protein (non-coding RNA}: instead. each primary
Iranscript (a pri-miRN.A) is processed into a short stem-loop
sirneture called a prenuRNA and nally into a functional
mature nHRNA. Mature miRNA molecules are cither par-
tially or completely complementary to one or more messen-
ger RNA (mRNA) molecules. and their main function is ta
downreaulate gene expression. The identification of miRNA
molecules is described, c.g... m ] agos-Quintanaat al, Sei-
ence, 294:853-858) |auctal.. Sefenee, 204:858-862: and Lee
atal.. Science, 204:862-864,

The genes encoding miRNA are much longer than the
processed mature miRNA molecule. miRNA are frst wan-
scribed as primaryiranscripts or pri-miRNA with a cup and
poly-A tail and processed to short, ~70-nucleotide stem-loop
structures known as pre-miRNA in the cell nucleus. This
processing is performed in animals by a protein complex
known as the Microprocessor complex. consisting of the
nuclease Drosha and the double-stranded RNA binding pro-
tein Pasha (Denti et al. Nefare, 432:231-235 (20043). These
pre-miRN.4are then processed to mature miRNAin the cyto-
plasmbyinteraction with the endonuclease Dicer. whichalso
initiates the formation of the RNA-induced silencing com-
plex (RISC) (Bernstein et al, Nature, 409:363-366 (2001).
Hither the sense strand or antisense strand of DN-A can func-

Hion as templates to give rise to miRNA.
When Dicer cleaves the pre-miRNA stem-loop. two

complementary short RNA molecules are formed. but only
one is integrated into the RISC complex. Thisstrand is known
as the auide strand and is selected by the argonaute protein.
the catalytically active RNase in the RISC complex. on the
basis ofthe stability of the 9 end (Preall et al. Cure Biol.
16:530-535 (2006)). The remaining strand. known as the
anti-puide or passengerstrand. is degraded as a RISC com-
plex substrate (Grevory ot al. Cedl, 123:631-640 (2005)}).
After integration inte the active RISC complex. miRNAs base
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pair with their complementary mRNA molecules aad induce
iarget MRNA degradation and/or translational silencimy.

Mammalian miRNA molecules are usually complemen-
iary to asite in the 3 UTR of the targetmRNA scauence. In
certain instances. the annealing of the miRNA to the target
mRNA inhibits protein translation by blocking the protein
translation machinery. In certamother mstunces, the anneal-
ing of the miRNAto the targetmRNA licilitaies the cleavage
and degradation ofthe target MRNAthrough a process similar
to RNA interference (RNAL) miRNA mayalso target meithy-
lation of genomic sites which correspond to targeted mRNA.
Generally, oiRNA fonction in associition with a comple-
ment of protems collectively termed the miRNP.

Ja certain aspects. themiRNA molecules described herein
are abowt 15-100. 15-90. 15-80. 15-75. 15-70. 15-60. 15-30.

or 15-40 nucleotides in length. more typically about 15-3),
15-25, or 19-25 nucivotides in length. and are prelerably
about 20-24. 21-22. or 21-23 nucleotides in length. In certain
other aspects. miRNA molecules may comprise one or more
modified nucleotides. As a non-limiting example. miRNA
sequences muty Comprise one or more of the modified nucle-
otides described above for siRNA sequences. In a preferred
embodiment. the miRNA molecule comprises 2"OMe nucle-
olides such as. for example. 2°OMe-ananosine aucleotides.
2’OMe-oridine nucleotides. or mixtures thereo!

In some embodiments, miRNA molecules may be used to
silence the expression of any ofthe target genes set forth
above. such as. ¢.g.. genes associated with viral mfection and
survival. genes associaled with metabolic diseases and disor-
ders. genes associated with tumorigenesis and cell iransfor-
mation. angiogenic genes. immunomoedulaior genes such as
those associated with inflammatory and autoimmune
responses. ligand receptor genes. and genes associated with
nenrodegenerative disorders.

In other embodiments, one or more agents that block the
nepvily of a oRNA targeting an mRNA of interest are
administered using a lipid particle of the invention (e.g.. 4
nucleic acid-lipid particle). Examples of blocking agents
include. but are not limited te. steric blocking oligenucle-
otides, locked nucleic ucid oligonucleotides, and Morpholina
oligonucleotides. Such blocking agents may bind direcily to
the mRNAorto the mRNAbinding site on the target mRNA.

4, Antisense Oligonucleotides
Ja one embodiment. the nucleic acid is an antisense olige-

nucleotide directed to a target gene or sequence ofinicresi.
The terms “antisense oligonucleotide”or “antisense” include
oligonucleotides that are complementary to a laraeted poly-
nucleotide sequence. Antisense oligonucleotides are single
strands of INA or RNA thai are complementary to a chosen
sequence. Antisense RNA oligonucleotides prevent the trans-
lation ofcomplementary RNAstrands bybinding to the RNA.
Antisense DNA oligonucleotides can be used to target a spe-
cihe. complementary (coding or non-coding) RNA. If bind-
ing eecurs. this DNA/RNA hybrid can be degraded by the
enzyme RNase U1. Ina particular embodiment. antisense oli-
aonucleotides comprise from about 10 to about 60 nucle-
olides. more preferably from about 13 to about 30 aucle-
olides. The term also encompasses antisense
oligonucleotides that may not be exactly complementaryto
ihe desired target pene. Uhus, the invention can be utilized in
iastances Where non-target specific-activities are found with
antisense, or where an aniisense sequence containing one of
more mismatches with the target sequence is ihe most pre-
ferred for a particular usc.

Antisense oligonucleotides have been demonstrated to be
ellective and targeted inhibitors of protein synthesis. and.
consequently. can be used to specilically inhibit protein syn-
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thesis by a targeted gene. The efficacy of antisense olige-
nucleotides for intubiting protem synthesis is well estub-
lished. For example, the synthesis ofpolygulactauronase and
the muscarine type 2 acetylcholine rceeptor ure inhibited by
antisense oligonucleotides directed to their respectiveMRNA
sequences (see. U.S. Pat. Nos. 3.739.119 and 3.759.829).
Curthermore. examples of antisense inhibition have been
demonstrated with the nuclear protem cyclin. the multiple
drug resistance gene (MDR1). KOAM-1. ]:-selectin. STEK-1.
striatal GABAA receptor. and human [GF Gee. Jaskulski et
al.. Scferce, 240:1544-6 (1988). Vasanthakumaret al. Can-
cer Comment, 1:225-32 (L989): Penis ct al.. Brain Res Mal
Brain Res. 15. 57:310-20 (1998): and U.S. Pat. Nos. 5.801.
154: §.789.573: 5.718.709 and 5.610.288). Moreover. anti-
sense constructs have also been described that inhibit and can

be used to treat a variety ofabnormal cellular proliferations.
e.g. cancer (sce, U.S. Pat. Nos. 5.747.470, 5.50),317; and
§.783,683). The disclosures of these references are herein
incorporated byreference in their entirety for all purposes.

Methods of produciag antisense oligonucleotides are
keewn in the art and can be readily adapted to produce an
antisense oligonucieotide that targets any polynucleotide
sequence, Selection of antisense oligoaucleatide sequences
specilic for a given target sequence is based upon analysis of
the chosen target sequence and determination of secondary
sirneture."U,,, binding cnergy. and relative stability.Antisense
ohgonucleaiides may be selected based upon their relative
inability to form dimers. hairpins. or other secondary struc-
tures that would reduce or prohibit specific binding to the
larect MRNA Ina hosi cell. Uighly prelerred targei regions of 3
the mRNA include those regions ai or near the AUG transla-
Hon mnivation codon und those sequences that ure substin-
tially complementaryto 3! regions of he mRNA. These sec-
ondary structure analyses and target site selection
considerations can be performed. for example. using v4 of
the OL1GO primer analysis soliware (Molecular Biology
Insights) and/or the BLASTN 2.0.5 algorithmsoltware (Alis-
chul et al.. Nucteic Acids Res., 25:3389-402 (1997)).

3. Ribovymes
According to another embodiment ofthe invention. nucleic

acid-lpid particles are associated with ribozymes.
Ribovymes are RNA-protein complexes having specilic cata-
iytic domains that possess endonuclease activity (see. Kimet
al. Proc, Natl, Acad Sei, USA4,, 84:8788-92 (1987): and For-
ster et al, Coeff 49:211-20 (1987). For example, a large
number of ribozymes accelerate phosphoester Wansfer reac-
lions with a high devree ofspecificity. often cleaving only one
of several phosphoesters in an oligonucleotide substrate (sea.
Cech et al, Ceff 27:-487-06 (1980), Michel ct al. 4 Mol.
Biol, 216:585-610 (1990): Reinhold-Ufurck et al. Nature,
357:173-6 (1992). This specificity has been altribuied to the
requirement that the substrate bind via specific base-pairing,
interactions to the internal guide sequence (“HGS”) ofthe
ribozymeprior to chemical reaction.

At least six basic warictics of naturally-occurring enzy- 55
matic RNA molecules are known presently. Fach can catalyze
the hydrolysis of RNA phosphodiester bonds in trans (and
thus can cleave other RNA molecules) under physiological
conditions. In general. enzymatic nuclei acids uct by first
binding to a target RNA. Such binding occurs through the
lareet binding portion of an enzymatic ancleic acid whichis
held in close proximity to an enzymatic portion of the mol-
ecule that acts te cleave the target RNA. Thos. the cnvymatic
nucleic acid first recognives and then binds a target RNA
through complementary base-pairing, and once bound to the
correct site. acts enzymatically to cut the target RNA. Strate-
gic cleavage ofsuch a target RNA will destroy its ability to
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direct synthesis of an encoded protein. Alter an envymatic
nucleic acid has bound and cleaved ws RNA target. i is
released from that RNA to search for another target and can
repeatediy bind and cleave newtargets.

The enzymatic nucleic acid molecule may be formed in a
hammerhead. hairpin. hepatitis & virus. group | intron or
RNase? RNA (in association with an RNA guide sequence),
or Neurospora WS RNA motl. for example. Specific
examples of hammerhead motils are described in. e.g... Rossi
etal. Nucieic deids Res., 20:4539-65 (1992), Examples of
hairpin motifs are described in. a.g.. EP 0360257. Hampel et
al. Biochemistry, 28:4920-33 (1089). Uampel et al. Nucleic
Acids Res. 18:299-304 (1990). and U.S. Pat. No. 5.631.359.
An example af the hepatitis & virus motif is described in. e.g.
Perrotta atoal.. Biochemistry, 31:11843-52 (1992). An
example of the RNaseP moultis described in. ¢.g., Cruerrier-
Takada ct al.. Cef/, 35:849-57 (1983), [xamples of the Neu-
rospora VS RNA obozyme motifis described in, ¢.g.. Saville
etal. Ceff, 61:685-96 (1990): Saville etal. Proc. Natl, dead.
Sei, USA, 88:8826-30 (1991): Collins et al. Biockeniisiry,
32:2795-0 (1993). An example of the Group [ iniron is
described in. e.g.. US. Pat. No. 4.987.071. Important char-
acteristics of enzymatic nucleic acid molecules used accord-
fig to the mvention are that they have a specilic substrate
binding site which is complementary to one or more ofthe
iarget gene DNA or RNA regions, and that they have nucle-
otide sequences within or surrounding, that substrate binding
site which impart aa RNA cleaving activity to the molecule.
Thus. the ribozyme constructs need not be limited to specific
mous menioned herein. The disclosures ofthese references

ure herein incorporated byreference in their entirety torall
purposes.

Methods of producing a nboxyme targeted to any paly-
nucleotide sequence are knownin the art. Ribozymes maybe
desipned as described in, c.g... PCT Publication Nos. WO
93/23569 and WO 94/02505, and synthesized tobe tested in
vitro and/or in vive as described therein. The disclosures of

these PCT publications are herein incorporated by reference
in their entirety for all purposes.

Ribozymeactivity can be optimized byaltering the length
of the ribovyme bindmyg arms or chenueally synthesizing
nboczymes with modifications that prevent their degradation
byserumribonucleases (see. e.g.. POT Publication Nos, WO
92/07065, WO 93/15187, WO 91/03162. and WO 94/13688.
PP 921 (0298.4: and US. Pat. No. 5,334.71 1. which desertbe

various chemical modifications that cun be made to the sugar
moieties of enzymatic RNA molecules. the disclosures of
which are each herein incorporated by reference im their
enuretyfor ali purposes}, modifications which cnliunece their
efieacyin cells. and removal ofstem (1) bases to shorten RNA
synihesis times and reduce chemical requiremenis.

6. Immunostimulatory Oligonucleotides
Nucleic acids associated with lipid particles ofthe present

Invention may be immunosumulatory, incliding immuno-
stimulatory oligonucleotides (ISS: single- or double-
stranded) capable of inducing an immune response when
administered to a subject. which may be a mammal suchas a
human. (SS include. ¢.2.. cerlaia palindromes leading to hair-
pin secondarystructures (sce, Yumamoioet al. 4 fananol..
148:4072-6 (1992)), or CpG? motils, as well as other known
ISS features (such as mulli4s domains: see. PCT Publication
No. WO 96/11266. the disclosure ofwhichis herein incarpo-
rated by reference in iis eniirety torall purposes).

Immunostimulatory aucleic ucids are considered to be
nen-sequence specific when it is not required that they spe-
ciheally bind to and reduce the expression of a target
sequence in order to provoke an immune response. Thos.
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cerlain immunostimulatory nucleic acids may comprise a
sequence corresponding to a region ofa naturally-ocewring
gene or mRNA, but they may suli be considered non-se-
quence specific Immunosumulatory nucieic acids.

In one embodiment. the immunostimulatory nucleic acid
of oligonuclomide comprises at least one CpG dinucleotide,
The oligonucleotide or Cpt dinucleotide may be unmetiy-
lated or methylated. In another embodiment. the immuno-
stimulatory nucleic acid comprises at least one CpG dinucle-
otide having a methylated cytosine. In ane embodiment. the
nucleic acid comprises a single CpG dinucleotde. wherein
the cytosine in the Cpt? dinucleotide is methylated. In an
allernitive embodiment. the nucleic acid comprises at least
two CpG dinucleotides. wherein at least one cytosine in the
CpGdinuclentides is methylated. In a further embodiment.
each cytosine in the CpG dinucleotides present in the
sequence Is methylated. In another embodiment, the nucicic
acid comprises a plurality of CpG dinucleotides. whercin at
least one of the Cpt: dinucleotides comprises a methylated
eytosigg. Examples of immunostimulatory oligonucleotides
suttable for use in the compositions und methods of the
present invention are deseribed in PCT Application No. PCT!
US08/88676, fled Dec. 31. 2008. PCTPublication Nos. WO
02/069369 and WO 01/15726, US. Pat. No. 6.406.705. and

Raneyetal. J. Pharm. Exper. Ther. 298:1185-92 (2001). the
disclosures of which are cach herein incorporated by rcfer-
ence in their eniirety for all purposes. In certain embodi-
ments. the oligonucleotides used im the compositions and
methods of the invention have a phosphodiester (“PO”) back-
bone or a phosphorothioute CPS") backbone, and/or at least
one methylated cytosine residue ina CpG moult.

(3. Other Active Agents
In cerlain embodiments. the active agent associated with

the lipid particles of the invention may comprise one or more
therapeutic proteins. polypepudes. or small organic mol-
ecules or compounds. Non-limiting examples of such thera-
peutically cHeciive agents or drugs melude oncology drugs
(ea. chemotherapy drugs. hormonal therapeutic agents.
immunotherapeulic agents. radiotherapeutic agents. etc.)
lipid-lowering agents. anti-viral drugs. anti-inflammatory
compounds. antidepressants. stimulants, analpesics, anitbiot-
ics. birth contral medication. anuipyretics. vasodilators. anti-
angiogenics. cylovascular agents. signal transduction inhibi-
lors. cardiovascular drugs such as anu-arrhythmic agents.
hormones, vasoconstrictors, und steroids. These active upenis
maybe administered alone in the lipid particles of ihe iwen-
lion. or in combination (e.g... co-administered) with lipid par-
licles of the invention comprising nucleic acid such as inter-
fering RNA.

Non-limiting examples of chemotherapy drugs include
Plutinum-based drugs (c.g., oxaliplatin. cisplatin. carbupl-
atin. spiroplalin. iproplatin. satraplatin. ete.) aikylauing
agents (e.g.. cyclophosphamide. ifosfamide. chlorambucil.
busulfan, omelphalan. omechlorethamine.  uramustine.
thiotepa. nitrosoureas. cte.). anti-metabolites (c.g... 5-hiorou-
racil (5-FU). azathioprine. methotrexate. leucovorin. capeci-
abine. cytarabine. floxuridine. fludarabine. gemcitabine.
pemetrexed. raltitrexed. etc). plant alkaloids (¢.g.. vineris-
tine, vinblasiinc. vinorelbine. vindesine. podophyllotoxin.
paclitaxel (iixol), docetaxel, cte.), topoisomerase inhibitors
(2.2.. irinotecan (CPT-11: Camplosar). topotecan. amsacrine.
etoposide (VP16). etoposide phosphate. teniposide. etc.)
antitumor anibiotics (¢.g., doxorubicin, adriamycin. dauno-
rubicin, epirubicin. actinomycin, bleomycin. mitomycin.
mitoxanirone, plicumycin. etc.), tyrosine kinase inhibitors
(2.2... gefitinib (Tressa R ). sunitinib Gutent 8: SUT] 248), erlo-
linih (Tarcevak: OS]-1774). lapatinih=(GW5372016:
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GW2016). canertinib (C] 1033). semaxinib (SU5416). vata-
lanib (PTR787//K222584), soratenth (BAY 43-0006). ima-
unib (GrleeveeB: S1157 1), dasatinib (3MS-35482 5}. Iefluno-
mide (SUG), vandetanib C/actima’: 4136474). etc.)
pharmaceutically acceptable salis thereol. stereoisomers
thereof. derivatives there!) analogs thereof and combina-
dons thereat,

i:xamples of conventional hormonal therapeutic agents
include. without limitation. stercids (e.2.. dexamethasone).
finasteride. aromatase inhibitors. tamoxifen. and goserelin as
well as other gonadotropin-releasing hormone agonists
(snk).

i:xamples of conventional immunotherapeutic agents
include. but are dot limited to. mmuanstimulants (¢.2.. Bacil-
dus Cabmetie-Guerin (BCG). levamisole. interleukin-2.
alpha-intertcron, cte), monoclonal anitbodies (e.g.. unti-
C20, anu-HPR2, anti-Cl52. anu-li)A-(3R, and unti-

VEGE monoclonal antibodies). immunotoxins (e.g.. anti-
CD33 monoclonal antibody-calicheamicin conjugate. anti-
CD22 monoclonal antibody-pseudomonas exotoxin
conjugate, cle). and radioimmunoiherapy (e.g... anu-CD20
monoclonal antibody conjugated to |''In, 2'Y, or 'F'Tete.).

Examples ofconventional radiotherapeutic agents include.
but are not limited to. radionuclides such as "Se. “Cu. Cu,

S7Q Roy Sir hye NSRh TT Ag. yy Wars PPM,
1538. 88H.La, eRe. Re. PAL and 27!° Bi. option-
ally conjugated to anubodies directed ugamst tumorantigens.

Additional oncologydrugs that maybe used according to
the invention include. but are aot limited to. alkeran, allopu-
nol, altrctaminc, amilostine. anastrovole. araC, arsenic tri-
oxide, bexarotene, biCNU. carmustine. CONU, eclecoxib,

cladribine. cyclosporin A, cytosine arabmoside. cyioxan,
dexravoxane. DTIC. astramustine. exemestane. FR306. gem-
tuzumab-ovogamicin. hydrea. hydroxyurea, idarubicia. iter-
feron, letrovole, leustatm, leuprolide. litertmoin, mepustrol,
1.-PAM, mesna. methoxsalen, mithramycin. nitrogen mus-
tard. pamidronaic, Pepademase, pentostatin, porfimer
sodium. prednisone. riluxan. streplozocin. STI-57 1. taxotere.
temozolamide. VM-26. toremifene. tretinoin, ATRA. valro-

bicin, and velban. Other examples ofoncoloyydrugs that may
be used according to the invention are ellipticia and ellipucin
analogs or derivatives. epothilones. intracellular kinase
iahibitors. and camplothecias.

Non-limiting examples of lipid-lowering agents lor treal-
ing a lipid disease or diserder associated with clevated trig-
lycerides, cholesteral, and/or glucose melude statins, fibrates,
evetimibe. thiavolidinediones. niacin. beta-blockers. nitro-

alveeria. calcium antagonists. fish oil. and mixtures thereof.
i:xamples olanti-viral drugs include. but are not limited to,

ubacavir, aciclovir, acyclovir, adefovir, amantadine,
umprenavir. arbidol. atazanavir. alripla, cidatovir. combivir,
darunavir. delavirdine. didanosine. docosanol. edoxudine.

elavireny. emiricilabine. enfuvirtide. entecavir. entry inhibi-
iors. fameiclovir, fixed dose combinations, fomivirsen, tos-

umprenuvir, foscarnei. fosfonet, fusion inhibitors. ganciclo-
vir. ibactlabine. imunovir. idoxuridine. imigquimod. indinavir.
iosine. INlegrase inhibitors. interferon type UI (e.2.. IFN-A
molecules such as IFN-#.1. IFN-A2. and IFN-#3). interferon
type He (e.g. IFNy). interferon type | (e.g... IPN-co such as
Pliiylated (FN-c.. JPIN-B, IFN-«, (PN-&. IPN-e. IFN-t. (FN-
w. and IFN-S. interferon. lamivudine. lopinavir. loviride.
MK-0518. maraviroc. moroxydine. nelfinavir. nevirapine.
nexavir, nucleoside analogues. oseliamivir. penciclovir, per-
umivir, pleconaril, podophylioioxin, protease inhibitors,
reverse transcriplase inhibitors, mbavirin, rimuntadine,
fonavir. saquinavir. slavudine. synergistic enhancers. teno-
fovir. tenotovir disoproxil. ipranavir. trifluridine. trivivir. tro-
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mantadine. trovada. valaciclovir. valeanciclovir. vicriviroc.
vidarabine, viramidine, valcitabine. zanamivir, zidovudine.

pharmaceutically acceptable salig thereat) stereoisomers
thereof, derivatives thercof. analogs theree!. and mixtures
theron!

V. Lipid Particles

The lipid particles ofthe invention typically comprise an
active agent or therapeutic agent. a cationic lipid. a non-
cationic lipid. and a conjugated lipid that inhibits ageresation
afparticles. In some embodiments. the active agent or thera-
peutic agent is lully encupsulated withinthe lipid portion of
the lipid particle such that the active agent or therapeutic
agent in the lipid particle is resistant in aqueous solution ta
enzymatic depradation. eg.. by a nuclease or protease. In
other embodiments. the lipid particles described hercin are
substantially non-toxic to mammals such as humans. The
lipid particles ofthe invention typically have a mean diameter
of from about 40 am to about 150 am. from about 30 amto
about (50 nm, from about 60 nmto about 130 nm, from about
70 amto about 110 om, or from about 70 to about 90 am.

In preferred embodiments. the lipid particles of the inven-
lion are serum-slable nucleic acid-lipid particles (SNALP)
which comprise an interfering RNA (e.g.. sH#RNA. aiRNA.
and/or miRNA), a cationic lipid (e.z.,
Cormulas (11, and/or (1). a non-cationic lipid (c.p.. choles-
leral alone or mixtures of one or more phospholipids and
cholesterol). and a conjugated lipid that inhibits ageresation
ofthe particles (c.g... one or more PLG-lipid conjugates). The 3
SNALP may comprise at least 1, 2.3. 4.5.6. 7,8, 9. 10, or
more unmodified and/or modified interfering RNA mol-
acules. Nucleic acid-lipid particles and their method of prepa-
ration are described in. a.9.. US. Pat. Nos. 3.753.613: 3.785.
992: 5.705.385: 5.976.567; 5.981.501: 6.110.745: and 6.320.
O17: and PCT Publication No. WO 96/40964, the disclosures

af which are cach herein meorporated by rcterence im their
antirety for all purposes.

A. Cationic Lipids
Any ola variety ofcationic lipids maybe used in the lipid

particles of the invention (c.g. SNALP), either alone or in
combination with one or more other cationic lipid species or
hon-calionic lipid species,

Cationic lipids which are useful in the present invention
can be any of a numberoflipid species which carry a net
positive charge al phystological pl. Such lipids include. but
ate not limited ta. N.N-dioleyl-N.N-dimethylammonium
chloride (DODAC). 1.2-diolevloxy-N.N-dimethylaminopro-
pane (DODMA), 1.2-disteuryloxy-N.N-dimethylaminopro-
pane (SDMA), N-(i-(2.3-dioleyloxy jpropy0-N.N.N-trim- 5
cthylammoennim chloride (DOTMA) NN-distcaryl-N.N-
dimethylammonium bromide (DDAB)  N-(1-(2.3-
dinleeyloxy jpropyU-N.N.N-trimethylammonium—chloride
(DOTAP). 3-(N ONN'-dimethylaminoethane)-carbamoyt)
cholesterol (30-Chol), N-(1.2-dimyristyloxyprop-3-y1)-N_ 35
N-dimethy-N-hydroxyethy] ammonium bromide (DMRIE).
2.3-dioleyloxy-N-[2(spermine-carboxamidojathy| |-N.N-
dimethy]-1-propanaminiuminfluoroacetate (DIOSPA). din-
cladecylamidoglycyl spermme (3007S), 3-dimethylamino-
2-(cholest-5-cn-3-beta-oxybutan-4-oxy)}-| -(cis.cis-9, 12-
octadecadionoxypropane (CLiaDMA). 2-|5'-(cholest-5-en-
3 beta.-oxy)-3"-oxapentoxy}+3-dimethy- 1-(cis.cis-O"1-2"-
octadceadicnoxyIpropane (Cpl inDMA), N.N-dimethyl-3,.4-
dholeyloxyben4lamme (DMOBA), 1.2-N.N'-
dholeylcearbamyl-3-dimethylaminepropane=(OcurblDAP).
1.2-N.N'-Dilinoleylearbamy(-3-dimeihylaminopropane
(DLinearbDAP).  1.2-Dilincleayicarbamy|-3-dimethylami-

a cationic lipid of
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aopropane (DLinCDAP). and mixtures thereo! A number of
these lipids and eclated analogs have been desenbed in US.
Patent Publicution Nos. 20060083780 and 20060240554,
U.S. Pat. Nos. 5.208.036: 5.264.618) 5.279.833: 5.283.185,
5.733.613. and 3.785.002: and PCT Publication No. WO

96/10390. the disclosures of which are each herein incorpo-
rated by reference intheir entiretyfor all purposes. Addivion-
ally. a number of commercial preparations ofcationic lipids
are available and cun be used in the present invention. These
jaclude. e.g.. LIPOFECTIN & (commercially available cat-
ionic liposomes comprising DOTMA and DOPE. fram
GABCOVBRE. Grand Islind. NOY. USA LIPO-
FECTAMINE?(commerciilly avatlable cationic liposomes
comprising DOSPA aad DOPE. from GIBCO/BRI): and
TRANSFECTAMR (commercially available cationic lipo-
somes comprising DOGS from Promega Corp.. Madison.
Wis.. USA).

Additionally. cationic lipids of Formula ( having the fol-
lowing structures are usefol in the present invention.

aly
R!

i
rR OR?

wherein R! and R? are independently selected and are H or
C+, alkyls, R* and RA are independentlyselected and are
alkyl] groups having from about 10 te about 20 carbon atoms,
and at least one of R* and R* comprises ai least twosites of
unsaturation. In certain instances. R* and R* are both the

same. Le.. R* and R* are both linoleyl (C,,). etc. In certain
other instances, 24 and R* are different, Le., R* is telradec-

irienyl (C4) and R17 is linoleyl (C,,). Ina preferred embodi-
ment, the cationic lipid of Formula | is symmetrical. ie. R*
and R* are both the same.In another preferred embodiment.
both R* and R* comprise at least twosites of unsaturation. In
some embodiments. R* and R* are independently selected
from the group consisting of dodceadieny!, teiradceadicny],
hexadecadieny!l. lincley]. and icosadienyl In a preferred
embodiment. R* and R* are both linoleyl. Ia some embedi-
menis, RB? and R* comprise at least three sites ofunsaturation
and are independentlyselected from. ¢.g.. dodecatrienyl, ict-
radectricny]. hexadecatrieny]. linoleny!, and icosatrienyl. In
particularly preferred embodiments. the cationic lipid of Por-
mola IT is 1.2-dilinoleyloxy-N.N-dimeithylaminopropane
(DUinl IMA) or 1,2-dilinolenyloxy-N.N-dimethylamingpro-
pane (DLenDMA).

Curthermore. cationic lipids of Formula 1 having the fol-
lowing structures are usefol in the present invention.

aly+

| x
RIT RE

R?

wherein R! and R* are independenily selected and are 1 or
C/-©, alkyls. R* and R* are independently selected and are
alky] groups having from about 10 to about 20 carbon atoms.
and at least one of RA and R* comprises ai least twosites of
unsaturation. In certain instances, R* and R* are both the

5 same. iLe., RB? and R* are bothlinoleyl (C,.), ele. In certain
other instances. R* and R* are different. i.e. R* is tetradec-

trienyl (C4) and R*is lincleyl (C,,). In a preferred embodi-
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ment. the catiome lipids of the present invention are sym-
metrical. ne.. RB? and R* are both the same. In another

preferred embodiment. both 2} and R* comprise ai least iwe
sites of unsaturation. In some embodiments. R* and R* are

independentlyselected from the group consisting of dadeca-
dienyl. tetradecadienyl. hexadecadieny]. lincley]. aad icosa-
dienyl. Ina preferred embodiment. R* and R* are both lino-
ieyl. In some embodiments, RA and R* coraprise at (east three
sites OF unsaturation and are independently selected from.
ag... dodecairieny]. tetradectrieny]. hexadecatrienyl. Tinole-
nyl. and icosatrieny!].

Moreover. cationic lipids of Formula [1] having the follow-
ing structures (or salis thereof) are usclul in the present inven-
tion.

IT)

 
Wherein R! and R? are either the sameor different and inde-

pendently optionally subsututed C,.-C., alkyl optionally
substituted C,4-C., alkenyl. opuionally substituted C)5-C.,
alkynyl. or opuionallysubstituted C ,,-C,., acyl: R? and R* are
aither the same or different and independently optionally
substituted C | -C, alkyl. optionally subsututed C | -C, alkenyl.
or optionallysubstituted C-C, alkynyl or R? and R4 mayjoin 3
to form an opuonally substituted heterocyclic ring of 4 to 6
carbon atoms and J or 2 heteroatoms chosen from nitrogen
and oxygen: R?is either absent or hydrogen or C1-C6 alkylto
provide a quaternary amine: m,n. and p are either the same or
diffcrent and independenilycither Gor ] with the proviso that
m.n, and pare not simultaneously GO. q is 0, 1.2.3, or 4. and
¥ and Z are either the sameor different and independently O.
S. or NIL.

In same embodiments. the cationic lipid of Formula HT is
2.2-dilmoleyl-4-(2-dimethrylaminocilry!)-| 1.3 |-dioxelane
(DLin-K-C2-DMA. “XTC2"). 2.2-dilinoleyl-4-(3-dimethy-
laminopropy])-|1.3|-dioxalane (O1in-K-C3-DMA)  2.2-
dilinoley]-4-(4-dimethylaminobutyl -| 1.3 |-dioxalane
(DL in-K-C4-DMA). 2.2-dilinoleyl-5-dimethylaminom-
ethyl-[1.3]-dioxane (D1 in-K6-DMA), 2.2-dilinoleyl-4-N-
methylpepiazino-|1.3]-dioxolane (DLin-K-MP7)}. 2.2-dili-
noleyl-4-dimethylaminomathyl-[1.3]-dioxolane=(D(Lin-K-
SMA}. 1.2-dilinoleycarbamoyloxy-3-
dimethylammopropane (DLim-C-13AP), 1,.2-dilinoleyoxy-3-
(dimethylaming acetoxypropane (DLin-DAC). 12-5
dilinoleyoxy-3-morpholinopropane—(DLin-MA). 1,2-
dilinoleoyl3-dimethylaminopropane  (DLinDAP)—1.2-
dilinoleylihie-3-dimethylaminopropane=(D1 ia-S-DMA).
i-linoleoy(-2-linoleyvloxy-3-dimethylaminopropane (1im-
2-DMAP),

chloride salt (DLin-TMA.C1). 1.2-dilinoleoyl-3-trimethy-
laminopropane chloride salt (DLin-TAP.C1). 1.2-dilinaley-
loxy-3-(N-methylpiperazinepropane (D0 in-MP7). 3-(N.N-
diinoleylamine)-1.2-propanediol  (>LmAP}  3-(N.N-
dholeylamine}- .2-propanedio (OAP). 1.2-dilinoleyloxe-3-
(2-N.N-dimethylaminojethoxypropane (DL in-):G:-DMA).
or mixtures thereo!. [a preferred embodiments. the cationic
lipid of Formula ils DLin-K-C2-DMA (X1C72)}.

The cationic lipid iypically comprises from about 50 mol
%o to about 90 mol %, from about 50 mol %to about 85 mol
%. from about 50 mol % to about 80 mol %. from about 30
mol % to about 75 mol“. from about 30 mol “tw about 70

1,2-dilinoleyloxy-3-trimethylaminopropane 3s
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mol %, from about 50 mal % ta about 65 mal %. or fromabout

55 mol %to about 65 mol %ofthe toial lipid present m the
particle.

lt will be readily apparent io one of shall in the art that
depending on the intended use of the particles. the propor-
tions of the components can be varied and the deliveryeffi-
ciency of a particular formulation can be measured using,
c.g. an endosomal release parameter (RP) assiy.

B. Non-Cauionic Lipids
The non-cationic lipids used in the lipid particles of the

iavention (ea... SNALP) can be any of a variety ofneutral
uncharged, zwitterionic. or antonie lipids cupable ofproduc-
ing. a stable complex.

Non-limiting examples of non-cationic lipids include
phospholipids such as lecithin. phosphatidylethanolamine.
lysolecithin, lysophosphatidylecthanalamine.  phospluti-
dylscrine, phosphatidylinositel, sphingomyelin, egp sphin-
pomyelin (SM). cephalin, cardiolipin. phosphatidic acid,
cerebrosides. dicetylphosphate. distearoylphosphatidyicho-
line (DSPC). dioleoylphosphatidyleholine (DOPC). dipalmi-
ioviphosphatidylcholine (PPC). diolcoylphosphatidylzlye-
crol (DOPGH. dipalmitoylphosphatidylghyeeral (DPPG),
dioleoylphosphatidylethanolamine (DOP). palmitoylo-
leoyl-phosphatidylcholine (POPC). palmitoyloleoy]-phos-
phatidylethanolamine (POPI:). palmitoyloleyol-phosphiati-
dyiglycerol (POPG),  dioleoyiphosphatidylethanolamine
4-(N-malemmidomethy])-cyclohexane-] -carboxylate
(DOPE-mal). dipalmitoy]-phosphatidylethanclamine
(DPPE). dimyristoy!-phosphatidylethanolamine (DMPI:).
distcaroy|-phosphatidylethanolamine (OSPH), monomethyl-
phosphatidylethanolamine, dimethyl-phosphiatidylethanola-
mine, diclaidoyl-phosphatidylethanelamme=(EPI),
stwaroyloleoyl-phosphatidylethanolamine=(SOPE).—byso-
phosphatidyicholiae. dilincleoylphosphatidvicholine. and
mixiures thereol, Other diacylphosphatidylcholine and dia-
cylphosphatidylethunolamine phospholipids can also be
used. The acyl groups in these lipids ure preferably acyl
aroups derived from fatty acids having C),-C., carbon
chains. 2.2... lanroyl. myristoyl. palmitoyl. stearoyl. or olay.

Additional examples of non-cutionic lipids inchide sterols
such as cholesterol and derivatives thereof such as

cholestanol. cholesianone. cholestenone. coprostanol. cho-
lestery]-2'-hydroxyethyl ether. cholestery|-4'-hydroxybuty!
ether. and mixtures thereof,

In some embodiments, the non-catianic lipid present in the
lipid particies (c.g... SNAI_P) comprises or consists ofcholes-
terol or a derivative therea!. e.g... a phospholipid-tree lipid
particle formulation. In other embodiments. the non-cationic
lipid present in the lipid particles (¢.2.. SNALP) comprises or
consists ofone or more phospholipids. c.g...cholesterol-free
lipid particle formulation. In further embodiments. the non-
calionic lipid present in the lipid particles (@.2.. SNALP)
comprises or consisis of a mixture of one or more phospho-
lipids and cholesterol] or a derrvative thereof.

Other examples of nen-cationic lipids suitable for use in
the present invention include nonphosphorous containing lip-
ids such as. ¢.2.. stearylamine. dodecylaming. hexadecy-
laming. acetyl palmitate. glycerolricinoleate. hexadecy]
stercate. isopropyl myristate. amphoteric acrylic polymers,
iricthanolamine-laury] sulfate, alkyl-ary] sulfate polyethy-
loxylated fatty acid amides. dinctadecyldimethy] ammonium
bromide. ceramide. sphingomyelin. and the like.

In some embodiments. the non-cationic lipid comprises
from about 13 mal %io about 49.5 mol %. from about 20 mal

6% to about 45 mol %. from about 25 mol %to about 45 mol
%. from about 30 mal % to about 45 mal %, from about 35
mol % te about 45 mal %. from about 20 mal % to about 40
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mol %, from about 25 mol % to about 40 mol %.of fram about

30 mol %to about 40 mol %ofthe total lipid present in the
particle.

In certain embodiments. the cholesterel present in phos-
pholipid-tree lipid particles comprises from about 30 mol %
to about 45 mol %. from about 30 mal % to about 40 mol %%.
from about 35 mol %to about 45 mal %, or fram about 35 mol

%o to about 40 mol %ofthe total lipid present in the particle.
Asa non-limiting example. a phospholipid-lree lipid particle
maycomprise cholesterol at about 37 mol % ofthe total lipid
present in the particle.

In certain other embodiments. the cholesteral present in
lipid paruicies contaming a mixture ofphospholipid and cho-
lesterol comprises from about 30 mol % to about 40 mal %.
fromabout 30 mal % to about 35 mol %. or from about 35 mal

%o to about 40 mol %ofthe total lipid present in the particle.
Asanon-limiting example. a lipid particle comprising a mix-
ture of phospholipid and cholesterol may comprise choles-
terol at about34 mol % ofthe total lipid present in the particle.

In further embodiments. the cholesterol present in lipid
particles contaming a mixture of phospholipid and choles-
teral comprises from about 10 mal %to about 3G mal %, from
about 15 mol % to about 25 mol %. or from about 17 mal %

to about 23 mol % of the total lipid present ia the particle. As
anon-limiting example. a lipid particle comprising a mixture
af phospholipid and cholesteral may comprise cholesteral at
about 20 mol %ofthe total lipid present in ihe particle.

In embodiments wherethe lipid particles contain a mixture
of phospholipid and cholesterol or a cholesteral derivative.
the mixture mury comprise up to ubout 40, 45, 50. 55. or 60) 3
mol %of the total lipid present mn ihe paruicie. In certain
instances. the phospholipid component m the mixture may
comprise from about 2 mol % to about 12 mal %. from about
4 mol % to about 10 mol %, from about 5 mol % to about 10
mol %, from about 5 mol %to about 9 mal %, or from about

6 mol %to about 8 mol %of the total lipid present im the
particle. As a non-limiting example. a lipid puruicle compris-
ing a mixture of phospholipid and cholesterol may comprise
a phospholipid such as DPPC or DSPCat about 7 mal % (e.2..
ina mixture with about 34 mol %cholesterol) ofthe total lipid
present in the paruiele. In certam other mstances, the phos-
pholipid component in the mixture may comprise from about
10 mol % to about 30 mal %. from about 15 mol % to about
25 mol %, or from about 17 mol % to about 23 mol % ofthe

total lipid present in the particle. As another non-limiting
example, a lipid particle comprising a mixture of phospho-
lipid and cholestero] may comprise a phospholipid such as
DPPC or DSPCat about 20 mol % (e.g. in a mixture with
about 20 mol %cholesterol) ofthe total lipid present imthe
particle.

C. Lipid Conjugate
In addition ta cationic and non-cauionic lipids. the lipid

particles of the invention (e.2.. SNALP) comprise a lipid
conjugate. Uhe conjugated lipid is useful in that i prevents the
agerepation of particles. Suitable conjuyated lipids include. 55
but are not limited to. PESG-Llipid conjugates. ATTA-lipid con-
jugates. cationic-polymer-lipid conjugates (CPL.s). and mix-
tures thereof. In certain embodiments. the particles camprise
either a PiC-lipid conjugate or an AUTA-lipid conjugate
together with a CPL.

Ina preferred embodiment. the lipid conjugate is a PEG-
lipid. Examples of PIG-lipids include. but are now limited to.
PEGcoupled to dinlkyloxypropyls (PIG-DAA) as described
ine... PCTPublication No. WO05/026372. PHGcoupled to
diieylelycerol (PUG-1AG3) as desertbed in. c.g.. US. Patent
Publication Nos. 20030077829 and 2005008689, PEG

coupled to phospholipids such as phosphatidylethanolamine
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(PEG-P]:). PEG conjugated to ceramides as described in. e.g.
U.S. Pat. No. 5.885.603. PIG conjugated to cholesterol or a
derivative thereof, and mixtures thereof. The disclosures of

these patent documents are herein incorporated by relerenee
ia their entirety for all purposes. Additional PEG-lipids
iaclude. without limitation. PEG-C-DOMG. 2KPEG-DMG.
und a mixture thereo!

PEGis a linear, water-soluble polymer of ethylene PIG
repealing ails with two terminal hydroxyl groups. PliGs are
classified by their molecular weights: for example. PEG 2000
has an average molecular weight of about 2.000daltons. and
Pi5000 has an average molecular weight of about 5,000
dalions. PEGs are commercially available from Sigma
Chemical Co. and other companies and include. for example.
the following: monomethoxypalyethylene glycol (MePhG-
O11). monomethoxypolycthylene glycol-suecinate (MePHG-
3S}, monomethoxypolyethylene glycol-succinimidyl succi-
nate (MePHG-S-NUIS), monomethoxypolyethylene glycol-
aming (MePEG-NII,). monomethoxypolyethylene alycol-
tresylate (MePHG-TRIS). and monomathoxypolyethylene
plycol-imidazolyl-carbony] (MePIG-IM). Other PEGs such
us those desertbed in U.S. Pat. Nos. 6.774, 180 and 7,053,150

fe.g..MPEG (20 K)a) amine) are also useful for preparing
the PhG-lipid conjugates of the present invention. The dis-
closures ofthese patents are herein incorporated byreference
in their entirety for all purposes. In addition, monomethoxy-
polycthylencplycol-acetic acid (MePIC-CH,COOTL) is par-
ticularly useful for preparing PIMG-lipid conjugates includ-
ig. e.8.. PHG-DAA conjugates.

The PEG moicty of the PHG-lipid conjugates described
herein may comprise an average molecular weight ranging
from about 550 daltons to about 10,000 daltons. In ceriain

iastances. the PEG moiety has an average molecular weight
of from about 750 daltons ta about 3.000 daltons (e.2.. fram
about 1.000 dalions to about 5.000 daltons. from about 1,500
dalions to about 3.000 daltons, trom about 750 dalions to
about 3.000 daltons, from about 750 daltons to about 2.000

daltons. etc}. In preferred embodiments. the PIG: moiety has
an averave molecular weight of about 2.000 daltons or about
750 daltons,

In certain insiances, the PIC? can be opuionally substituted
by an alkyl. alkoxy. acyl. or aryl group. The Pl: can be
conjugated directly to the lipid or may be linked to the lipid
via a linker moiety, Any linker moiety suitable for coupling
the PEG to a lipid can be used including, cy... non-ester
containing linker moicties and ester-containig linker moi-
elies. Ina preferred embodiment. the linker moiety is a aon-
ester containing linker moiety. As used herein. the term “aon-
ester containing linker moicty”refers io a linker moietythat
does not contaa carboxylic ester bond ( OC(O} 3. Suit-
able non-ester containing linker moieties include. bui are not
limitedto.amide( C(OJNET j.amino¢ NR). carbonyl
( ¢(O} Do carbamate ( NIC(QVO jo urea NTIC(O)
NU}. disuiphide ( S So) ether ( O|), suecinyl
( (OXCCH,CH,C(O} )— succinamidy)=( NHIC(O)
CILCELC(OINE —). ether. disulphide. as wall as combina-
tions thereal (such as a linker containing both a carbamate
linker moiety and an amido linker moiety). Ia a preferred
embodiment, a carbamate linker is used to couple the PIG to
the lipid.

ln other embodiments. aa ester containing linker moietyis
used to couple the PIG tothe lipid. Suitable ester containing
linker moieties include. ¢.g.. carbonate ( OC(O)O  }. sue-
cinoyl, phosphate esters ( © (O}POH OF} sulfonate
esters, and combinations thercol.

Phosphatidylethanolamines having a variety of acyl] chain
aroups ofvarying chain leneths and deprees ofsaturation can
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be conjugated to PEG to formthe lipid conjugate. Such phos-
phatidylcthanolamines are commercially available. or can be
isolated or synthesized using conventional techniques known
to these of skilled in the ari. Phosphatidyl-cthanolamines
containing saturated or unsaturated lay acids with carbon
chain lengths ia the range of C,, to C,, are preferred. Phos-
phatidylethanolamines with mono- or diunsaturated fatty
acids und mixtures of saturated and unsaturated titty acids
can also be used. Suitable phosphatidyicthanolamines
include, but are not limited to. dimyristoyl]-phosphauidyletha-
nolamine (DMPI:). dipalmitoy!-phosphatidylethanalaming
(DPP1). dioleoylphosphatidylethanolamine (DOP). and
distearoy-phosphatidylethanolaming (DSP1:).

The term “ATTA”or “polyamide”reters io, without limi-
lation. compounds described in U.S. Pat. Nos. 6.320.017 and
6.586.559, the disclosures of which are herein incorporated
byreference in their entirety for all purposes. These com-
pounds include a compound having the formula:

(lv)

f Oo Re
N R*

R ETCHhyCFONUEOg
a a

wherein Rois a memberselected from the group consisting of
hydrogen. alkyl and acyl: R' is a memberselected fromthe
group consisting of hydroven and alkyl: or optionally. R and
R' and the nirogen to which they are bound form an azide
moiety: R? is a memberofthe group selected from hydrogen.
optionallysubstituted alkyl. optionally substitmted ary] and a
side chain ofan aminoacid: RO is a member selected fromthe

#roup consisting olhydrogen. halogen, hydroxy. alkoxy. mer-
capto. hydrazino, amino and NR*R®. wherein R* and R* are
independently hydrogen or alkyl: nis 4 to 80; mis 2 to G: pis
lio d:andgisOor 1. will be apparent to those of skill in the
art that other polyamides can be used in the compounds ofthe
present invention,

The term “diacyletyceral” refers to a compound having 2
fatty acyl chains, R! and R?, both of which have indepen-
dently between 2 and 30 carbons bonded to the 1- and 2-po-
sition ofglycerol by ester linkages. The acyl groups can be
saturated of have varying degrees of unsaturation. Suitable
acyl groups include. but are not limited w. lauryl (C,.). myn-
styl (C,4). palmityl (C,,). stcaryl (C,,). and icosyl (C.,,). In
preferred embodiments, R! and R? are the sume. ic. R! and
R? are both myristyl (.e.. dimyristyl). B' and R? are both
steary] (Le.. distwary]). ete. Diacylalyceroals have the follow-
ing general formula:

iva

CIhO

clokRZ
C1LQ—
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The term “dialkyloxypropy?”refers to a compound having,
Zalkyi chains. R! and R?, both ofwhichhave independentiy
between 2 and 30 carbons. ‘The alkyl groups can be saturated
or have varying degrees of unsaturation, Dislkyloxypropyls
have the following general formula:

 

(vb
CM2O— RI

CHO— RF

lla

Jaa preferred embodiment. the Pl:G-lipid is a PHG-DAA
conjugate having the following formula:

CVI

*Ha—I.— PEG,4

wherein R' and R? arc independently selected and are long-
chain alkyl groups having from about 10 to about 22 carbon
atoms: PIsa polycihyleneglycol: and 1. is a non-ester

containing linker moietyor an ester containing linker moicty

as desenbed above. The long-chain alkyl groups can be sutu-

rated or unsaturated. Suitable alkyl groups include, but are not

limited te. lauryl (C5). myristyl (C4). palmityl (C,,), steary!
(C,,)- and icasy] (C,,,). In preferred embodiments. R' and R*
are the same. ie. R' and R* are both myristyl (i.e.. dimyri-
styl). Ri and R? are both stearyl (Le.. disteary]). ete.

Ja Formula Vil above. the PIG has an average molecular
waieht ranging from about 550 daltons to about 10.000 dal-
tons. In certain instances. the PEG: has an average molecular
weight of framabout 750 daltons to about 5.000 daltons (¢.2.,
froma about 1.000 daltons to about 5.000 daltons, from about
1,500 daltons to about 3.000 daltons, from about 750 dalions
to about 3.000daltons. from about 730 daltoas to about 2.000

daltons. etc.) In preferred embodiments. the PG has an
average molecular weight afabout 2.000 daltons or about 730
dalions. The PIG can be opuionally substituted with alkyl,
alkexy, acyl, or aryl. In certain embodiments. the terminal
tydroxy! group is subsiituicd with a methoxy or methyl
eroup.

In a preferred embodiment. “L” is a non-oster containing
linker moiety, Suitable non-esier containing linkers include.
but are act limited to. an amido linker moiety. an amino linker
moiety, a carbonyl linker moiety, a carbamate linker moicty,
aurea linker moicty. an ether linker moicty, a disulphide
linker moicty, a sucemamidy! linker moiety, and combina-
tions thereof laa preferred embodiment. the non-ester con-
taining linker moiety is a carbamate linker moiety (ic. a
PEG-C-DAA conjugate). In another preferred embodiment.
the non-ester containing linker moiciy is an amido linker
moiety (.c.. a PIXG-A-DAA conjugate). In yet another pre-
ferred embodiment. the non-ester containiag linker moietyis
asuccinamidy] linker moiety (ie. a PIMG-5-DAA conjugate).

Ja particular embodiments. the PEG-lipid conjugate is
selected from:
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NNNel

(PEG-C-DMLAL

FONNey

NN

(PTCr-€°-DCMCr}

The PiG-DAA conjugates are synthesized using standard
techniques and reagents knownto those of skill in the art. [t
will be recognized that the PIXG-DAAconjugates will contain
various amide. amine. ciher, thio, carbumatc, and urea link-

ages. Those of skill in the art will recognize that methods and
reagents for forming these bonds are well known and readily
available. See. eg. March ADVANCED ORGANIC
CHEMISTRY (Wiley 1992), Larock. COMPREUIEPNSIVE
ORGANIC TRANSFORMATIONS (VCH 1989): and Fur-
niss. VOGEL'S TEXTBOOK OF PRACTICAL ORGANIC

CHEMISTRY. Sth ad. (Lonaman 1089). lt will also be appre-
elated that any Functional groups present may require protec- 5
tion and deprotection at different points in the synthesis ofthe
PHG-DAA conjugates. Those of skill in the art will recognize
that such techniques are well known. See. e.g.. Green and
Wats. PROTECTIVE GROUPS [IN ORGANIC SYNTHESIS

(Wiley 1991).
Preferably. the PEG-DAA conjugate is a dilauryloxypro-

pyl (C.)-PEG conjugate. dimyristyloxypropy] (C4 PEG
conjugate. a dipalminloxypropy] (C)-PEG conjugate. or a
distearyloxypropyl (CPEconjugaic. Those of skill in
the art will readily appreciate thai other dialkyloxypropyls
cad be used in the PIG-DAA conjaates ofthe present inven-
Hon.

In addition to the foregoing. 1 will be readily apparent to
those ofskill in the art that other hydrophilic polymers can be
used in place ofPIG. U:xamples ofsurtable polymers that can
be used in place af PEG inclode. but are not limited w.
polyvinylpyrrolidane. polymethyloxazoline. polyethylox-
avoline. polyhydroxypropyl methacrylamide. polymethacny-
lamide and polydimethylacrylamide, polylactic acid. polyg-
tycohic acid. and=derratived celluloses such as
hydroxymoethylcellvlose or hydroxyethyleeliulase.

In additiontothe forgoing components. the particles (e.2..
SNALPor SPLP) ofthe present invention cun further com-
pose cationic poly(ethylene glycol) (PEG) lipids or CPI s
(see, o.g.. Chen et al. Biocon}, Chen, 11:433-437 (20000).
Suitable SPLPs and SPLP-CPLs for use in the present inven-
lion. and methods of making and using SPLPs and SPLP-
CPUs. are disclosed. c.g... in US. Pat. No. 6.852.334 and PCT
Publication No. WO 0/62813, disclosures of which ure

hereia mecorporated by reference in their entirety for all pur-
poses.

Suitable CPLs incinde compounds of Formula VII:

AW Y CWT,

wherein A. W, and Y are as described below.

With reference to Formula VIL “A" is a lipid moiety such
as an amphipathic lipid. a neutral lipid. or a hydrophobic lipid
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that acts as a lipid anchor. Suitable lipid examples include.but
are not limited to, diacylelycerolyls, diaikylglyceroly)s,
N Nedialkylaminos, 1,2-diacyloxy-3-aminopropunes, and
1,2-dialky]-3-uminopropanes.

“Wis a polymer or an oligomer such as a hydrophilic
polymeror oligomer. Preferably. the hydrophilic polymertsa
biocompatable polymerthat is nonimmunogenic or possesses
lowinherent immunogenicity. Alternatively, the bydrophilic
polymer can be weakly anugenic if used with appropriate
adjuvants. Suitable nonimmunogenic polymers include. but
are not limited to. PISG. polyamides. palylactic acid. polyg-
lycolic acid. polylactic acid/polyglycolic acid copolymers,
and combinations theree! In a preferred embodiment, the
polymer has a molecular weight of from about 250to about
7.000 daltons.

“W"' is apolycationic moiety. The term polycationic moiety
refers io a compound. denvative, or linctional group having
a positive charge, prelcrably at least 2 positive charges at a
selected pl], preferably physiological pli. Suitable polyca-
tronic moieties include basic aminoacids and their derivatives

such as arginine. asparagine. glutamine. lysine. and histidine:
spermine: spermidine: cationic dendrimers: polyammes,
polyamine sugars: and umino polysuccharides. The polyca-
tionic moieties can be linear. such as linear ttralysine.
branched or dendrimeric in structure. Polycationic moieties
have between about 2 to about 15 positive charges. preferably
between about 2 to about 12 positive charges. and more
preferably between about 2 to about 8 positive charges al
selectad ptl values. The selection ofwhich polycationic moi-
ety wo employ may be determined by the type ofparticle
application which is desired.

The charges on the polycationic moicties can be either
distributed around the entire particle moicty, or alternatively,
they can be a discrete concentration of charge density in one
particular area ofthe particle moietye.g... a charge spike. Ifthe
charge densityis distributed on the particle, the charge den-
sity cun be equally distributed or uncqualiy distributed. Ail
variations of charge distribution of the polycationic moiety
are encompassed bythe present invention.

The lipid “A” and the nonimmunogenic polymer “W"can
be attached by various methods und pretcrably by covalent
attachment. Methods knownto those of skill in the art can be
used for the covalent atlachment of “A” and “W." Suitable

linkages include. but are not limited to. amide. amine. car-
boxyl, carbonate. curbamaic,ester, and hydravone linkages.It
will be apparent to those skilled in the art that “A™ and “W"
must have complementaryfiinctional groups to effectuate the
linkage. The reaction ofthese hwo groups. ane anthe lipid and
the other on the polymer. will provide the desired linkage. For
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example. when the lipid is a diacylglyceral and the terminal
hydroxy] is activated, for insiance with NPIS and DCC. to
forman aetive ester, and is then reacted with a polymer which
contains an amine group. such as with a polyamide (sec, ¢.g..
U.S. Pat. Nos. 6.320.017 and 6.586.559. the disclosures of

which are herein incorporated by reference in their entirety
for all purposes). an amide bond will form betweenthe two
groups.

In certain instances. the polyeationic moiety can have a
ligand attached. such as a tareecting ligand or a chelating
moiety for complexing calcmm. Preferably. afer the ligand is
atlached. the cationic moiety mamtams a positive charge. In
certain instances. the hyand that is attached has a positive
charge. Suitable ligands include. but are not limited to. a
compound or device with a reactive Nnactional group and
include lipids. amphipathic lipids. carrier compounds. bioal-
finity compounds, biomaicrials, biopolymers. biomedical
devices. analytically detectable compounds. therapeutically
active compounds. enzymes. peptides. proteins. anubodies.
immune stimulators. radiolabels. Huorogens. biotin, drugs.
haptens, DNA. RNA. polysaccharides. liposomes.
virosomes, micelles, immunoglobulins. functional groups.
other targeting moieties. or toxins.

The lipid conjugate (e.g... PEG-hpid) typically comprises
fromabort O.1 mal % to about 2 mol %. from about 0.5 mal
% to about 2 mol %. from about ] mol %to about 2 mol %,.
from about 0.6 mol %to about 1.9 mol %, from about 0.7 mol
Ye lo about 1.8 mol %. from about 0.8 mal % to abot 1.7 mal
Ye. trom about 0.9 mal e to about 1.6 mol %. from about 0.9
mol % to about 1.8 mol %. from about | mol % to about 1.8
mol %, from about | mol %to ubout 1.7 mol %, from about
1.2 mol %to about 1.8 mol %. from about 1.2 mol %to about
1.7 mol %. from about 1.3 mol % to about 1.6 mol Ye. or from

about 1.4 mol % to about 1.5 mol % ofthe total lipid present
in the particle.

Onc of ordinary shail in the art wall appreciate that the
concentration ofthe lipid conjugate can be varied depending
on the lipid conjugate employed and the rate at which the
nucleic acid-lipid particle is ww become fusogenic.

By controlling the composition and concentration ofthe
lipid conjugate. one cun coniral the rate at which the lipid
conjugate exchunges out ofthe nucleic acid-hpid particle and.
in turn. the rate at which the aucleic acui-lpid particle
becomes fusogenic. For instance. when a PEG-phosphati-
dyleihanolamine conjugate or a PHG-ceramide conjugate is
used as the lipid conjugate, the rate at which the nucicic
acid-lipid particle becomes fusogenic can be varied. for
oxaniple. by varying the concentration ofthe lipid conjugate.
byvarying the molecular weight ofthe PEG. or by varying the
chain length and degree ofsaturation ofthe acy! chain groups
on the phosphatidylethanolamine or the ceramide. In addi-
lion. other variables meluding. for example. pl]. temperature.
ionic strength. ete. can be used to vary and/or control the rate
at which the nucleic acid-lipid particle becomes fusopenic.
Other methods which can be used to control the rate ai which

the nucleic acid-lipid particle becomes fusogenie will
become apparent to those of skill in the art upon reading this
disclosure.

V1. Preparation of Lipid Particles

The lipid particles of the present invention. ¢.2.. SNALP. in
which an active agent or therapeutic agent such as an inter-
fering RNAis cneapsulated in a lipid bilayer and 1s proiceted
from degradation, can be formed by any method knownin the
art including. but not limited to. a continous mixing method
or a direct dilution process.
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Jn preferred embodiments. the cationic lipids are lipids of
Formula 0, (1 and (0), or combinations thereol. Un other pre-
ferred embodiments. the non-cationic lipids are cpp sphingo-
mayelin (5M), distearoylphosphatidylcholine (SPC), dio-
leoylphosphatidyichaline (OPC). l-palmiteyi-2-aleoyi-
phosphatidyicholine (POPC). dipalmitoy!-
phosphatidyicholine (DPPC). monomethyl-
phosphatidylethanolamine, dimeihyi-
phosphatidylethanolamine, 14:0 PH (1,2-dimyrisioy!-
phosphatidylethanolamine (DMP). 16:0 Pl (1.2-
dipalmitoy!-phosphatidylethanolamine (DPPIj. 18:0 PE
(1.2-distearoyl-phosphatidylethanolamine (DSPE)). 18.1 PE
(1.2-dioleoyl-phosphatidylethanolamine (DOP). 18:1
irans PE 0 2-dieliudeyl-phosphatidyethanolamine
(PI), 180-181 PE Cl -stearoy]-2-oleoyl-phosphatidyle-
thanolamine (SOPH). 16:0-18:1 PE (1-palmitoyl-2-oleoyl-
phosphatidylethanolamine (POP). polyethylene alycol-
based polymers @.3.. PIG 2000. PEGS 3000. PEG-modilied
diacylalycerols. or PliG-modified dialkyloxypropyls). cho-
lesterol. or combinations thereat,

In certain embodiments, ihe present mvention provides for
SNALP produced via a continuous mixing method. eg.. a
process that includes providing aa aqueons solution compris-
ig a nucleic acid such as an interfering RN-A in a first reser-
voir providing an organic lipid solution in a sccond reservoir,
and mixing the aqueous solution wath the organic lipid soin-
vion such that the organic lipid solution mixes with the aque-
ous solution so as to substantiallyinstantaneously produce a
liposome encapsulating the nucleic acid (@.2.. interlering
RNA). This process and the apparatus for carrying this pro-
cess ure deseribed in detail in U.S. Patent Publication No.

20040142025. the disclosure ofwhichis herein incorporated
byreference in is cnuretyforall purposes.

The action of continuously introducing lipid and buller
solutions ilo a Mixing environment. such as in a mixing
chamber. causes a continuous dilution ofthe lipid solution
with the butler solution. thereby producing a liposamesub-
stantially insiantancously upon mixing. As used hercin, the
phrase “continuously diluting a lipid solution with a buffer
solution”(and variations) generally meansthatthe lipid salu-
tion is diluted sufficiently rapidlyina hydration process with
sufficient force to effectuate vesicle veneration. By mixing
ihe agueous solution comprising a nucleic ucid with the
organic lipid solution, the organic lipid solution undergoes a
continues stepwise dilution in the presence of the bufler
solution (Le.. aqueous solution) to produce a ancleic acid-
lipid particle.

The SNALP formed using the continuous mixing method
typically have a sive of from about 40 nmto about 150 nm,
fromabout 30 nm to about 1 50 na. from about 60 amto about
130 nin. fromabout 70 pmte about 110 am. or from about 70

numio about 90 om. The particles thus formed do not aggre-
gate and are opuionally sived to achieve a uniform particle
size,

In another embodiment. the present invention provides for
SNALPproduced via a direct dilution process that includes
forming a liposome solution and mumediaitely and directly
introducing the liposome solution into a collection vessel
containing a controlled amount ofdilution butler. In preferred
aspects. the collection vessel includes one or more elements
configured io stir the contents of the collection vessel to
facilitate dilution. In onc aspect, the amount ofdilution buffer
present in the collection vessel is subsiantially equal to the
volome of liposome solution introduced thereto. As a non-
limiting example. a liposome solution in 43% ethanol when
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introduced inte the collection vessel containing an equal val-
ume oldilution buffer will advantageously yield smalier par-
ticles.

In yet another embodiment. the present invention provides
for SNALP produced via a direct dilution process in which a
third reservoir containing dilution buffer is Huidly coupled ta
a second mixing region. In this embodiment. the liposome
solution formed in a first mixing region is immediately and
directly mixed with dilution buffer in the second mixing
region. In preferred aspects, the second mixing region
includes a T-connector arranged sothat the liposome soluuion
and the diluuion butler flows meet as opposing 180° Hows:
however. connectors providing shallower angles can be used.
«2, from about 27°to about 180°. A pump mechanismdeliv-
ers a controllable Dowofbuffer to the second mixing region.
In one aspect. the flowrate ofdilution buller provided to the
second mixing revion is controlled to be substantially equal ta
the Haw rate ofliposome solution introduced thereto fromthe
first mixing region. This embodiment advantageouslyallows
for more control ofthe Howofdilution bulfer mixing withthe
liposome solution in the second mixing region, and therefore
also the concentration ofliposome solution in buller through-
out the second mixiag process. Such control of the dilution
butler flowrate advantageously allows for small particle size
formation at reduced concentrations.

These processes and ihe apparatuses for carrying oui these
direct dilution processes are described in detail in US. Patent
Publication No. 20070042031. the disclosure of which is

herein incorporated by reference in its entirety for all pur- 3
poses.

The SNALP formed using the direct difution process typl-
cally have a sive of from about 40 pm to about 130 nm. from
about 30 amto about 130 am. from about 60 ninto about 130
nm, from about 70 omto about 110 om. or from about 70 nm

to about 90 nm. The particles thus formed do not agprepate
and are optionally sived to achieve a uniformparticle size.

Hneeded. the lipid particles ofthe invention (ec... SNALP)
can be sized by any ofthe methods available for sizing lipo-
somes. The sizing may be conducted in order to achieve a
desired sive range and relatively narrowdistribution of par-
ticle sizes.

Several techniques are available lor sizing the particles wa
desired sive, One sizing method. used for liposomes and
equally applicable io the present particles, 1s described in US.
Pat. No. 4.737.323, the disclosure of which 1s herein incor-

porated by relerence in its entiretyfor all purposes. Sonicat-
ing a particle suspension either by bath or probe sonication
produces a progressive size reduction downtoparticles ofless
than about 50 nmin size. Homogenization is another method 5
which rehes on shearing energy to fragment larger particles
into smaller ones. In a typical homogenization procedure.
parlicles are recirculated through a standard emulsion
homogenizer until selected purticle sizes, typically between
about 60 and about 80 nm,are observed. In both methods, the 55

particle sive distribution can be monitored by conventional
laser-beamparticle size discrimination. or QELS,

ixtrosion of the parucles through a smali-pore polycar-
bonate membrane or an asymmetric ceramic membrane 1s
also an effective methed for reducing particle sizes to a rela-
lively well-defined size distribution. Typically. the suspen-
sionis cycled through the membrane one of more limes until
the desired particle sive distribution 1s achieved. The particles
may be extruded through successively smailer-pore mem-
branes, to achieve a gradual reduction insize.

In some embodiments. the nucleic acids im the SNALPare

precondensed as described in. e.g. US. patent application
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Ser. No, 09/744.703. the disclosure of which is herem iacor-

porated by reference in its cnuretyforall purposes.
In other embodiments. the methods will further comprise

adding non-lipid polycations which are usctul to effect the
lipofection ofcells using the present compositions. Examples
of suitable non-lipid polycations include. hexadimethrine
bromide (sold under the brandname POLYBRENICR. from
Aldrich Chemical Co.. Milwaukee, Wis., USA) or othersalts
of hexadimethrine. Other suitable polycutions include, for
example. salts of poly-L-ornithine. poly-L-arainine. poly-[-
lysine. poly-D-lysine. polyallylamine. and polyethylene-
imine. Addition ofthese salts 1s preferablyalter the particles
have been formed.

Ja some embodiments. the nucleic acid to lipid ratios
(mass/mass ratios) ina formed SNALP will range from about
0.01 to about 0.2. from about 0.02 to about 0.1. fram about
0.03 to about 0.1, or from about 0.01 to about 0.08. The ratio

of the starting materials also falls within this range. In other
embodiments. the SNALP preparation uses about 400 we
nucleic acid per 10 me total lipid or a aucleic acid to lipid
mass ravio oF about 0.01 to about 0.08 and. more preferably,
about 0.04, which correspondsto 1.25 mg oftotal lipid per 50
pe of aneleic acid. In other preferred embodiments. the par-
ticle has a nucleic acid:lipid mass ratio of about 0.08.

Jn other embodiments. the lipid to ancleic acid ratios
(mass/mass ratios} in a formed SNAIP will range from about
11:0) to about 100 (100.1), fromabout 5 (5: 0) to about 100
(100.1). from about 1 (1:1) to about 50 (50:1). from about 2
(2:1) ta abort 50 (30:1). fram about 3 (3:1) te about 30 (50:1).
from about 4 (4:1) w about 30 (50:1). from about 3 (5:1) to
about 50 (50:1), from about ¢ (1:0) to about 25 (25:0). from
about 2 (2:1) to about 25 (25:1), fromabout 3 (3:1) to about 25
(23:1). from about 4 (4:1) to about 25 (25:1). from abot 5
(5:1) ta abot 25 (25:1). fram about 5 (5:1) te about 20 (20:1).
from about 5 (5:1) w about 15 (15:1). from about 3 (5:1) w
about 1O (10: 0). about 5 (5:09. 6 (6:0), 7 (7:1. 8 (8:03.91),
16 (G1), (2 isd), t2 Ci2:t) 13 (iS). 14 4D, or 15
(13:1). The ratio of the starting materials also falls withia this
range.

As previously discussed. the conjugated lipid mayfurther
include a CPI. A waricty of pencral methods for making
SNALP-CPLs (CPl-containing SNALP) are discussed
herein. Twogeneral techniques include “post-iasertion” tech-
nique. that is. insertion of a CPL inte. for example. a pre-
formed SNAI.P and the “standard” technique. wherein the
CPL. is included mthe lipid mixture during, for example, the
SNALPformation steps. The post-insertion technique results
ia SNALP having CPLs mainlyia the external face of the
SNALP bilayer membrane. whereas standard techniques pro-
vide SNAP having CPLs on both mternal and external tees.
The method is especrilly useful for vesicles made fromphos-
pholipids (which can conmaia cholesterol) and also for
vesicles containing PlG-lipids (such as PIG-DAAs and
PUG-DAGs). Methods of making SNADP-CPI., are taught,
for example. in U.S. Pat. Nos. 5.705.385: 6.586.410; 5.981,
501, 6.534484) and 6.852.334: U.S. Patent Publication No.
20020072121: and PCT Publication No. WO 00/62813. the

disclosures of which are herein incorporated by reference in
their cnurety forall purposes.

VIL Kits

The present invention also provides lipid particles (¢.2..
SNALP) in kit form. The kit may comprise a container which
is compartmenialized for holdmyg the various clemenis ofthe
lipid particles (e.g.. the active agents or therapeutic agents
such as aucleic acids and the individual lipid components of
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the particles). In some embodiments. the kit may further
comprise an endosomal membrane destabiliver(¢.2., calcium
ions}. The kit typically contains the lipid particle composi-
tions of the present invention, preferably in dehydrated form.
with instructions for their rehydration and administration.

As explained herein. the lipid particles of the invention
(2.2.. SNALP) canbe tailored to preferentiallytaraet particu-
lar tissues, organs. or tumors ofinterest. In certain instances.
preferential targeting of lipid particles such as SNALP may
be carried ont by controlling the composition of the particle
itself. For instance. as set forth in Example 11. it has been
found that the 1:37 PEG-cDS.A SNALP formulation caa be

used io preferentially target tumors outside of the liver.
whereas the 1:57 PHG-cDMA SNALP formulation can be

used to preferentially target the liver (including liver tumors).
In certain other instances. 1 may be desirable to have a

lareching moiety attached to the surface ofthe lipid particle ta
further enhance the targeting of the particle. Methods of
attaching targetiag moieties (¢.2.. antibodies. proteins. etc.)
to lipids (such as those used in the present particles) are
knownto those of shall in the art.

VIL. Administration of Lipid Particles

Once formed. the lipid particles of the invention (c.g.
SNALP) are usetul for the introduction of active agents or
therapeutic agents (@.2.. nucleic acids such as intertering
RNA) inte cells, Accordingly. the present invention alse pro-
vides methods for introducing an active agent or therapeutic
agent such asa nucleic acid (¢.p., interfering RNA} into aceil.
The methods are carried out in vitro or in vivobyfirst forming
the particles as described above and then contacting the par-
licles with the cells fora period oftime suflicient for delivery
afthe active agent or therapentic agent to the cells to occur.

The hpid particles of the invention (c.g.. SNALP) can be
adsorbed to almost anycell type with which theyare mixed or
contacted, Once adsorbed. the particles can aither be endocy-
losed by a portion of the cells. exchange lipids with cell
membranes. or fuse with the cells. Transter or meorporation
af the active agent or therapeutic agent (e.g... nucleic acid)
portion of the particle can take place via any one of these
pathways. In particular. when fusion takes place. the particle
membrane is integrated inte the cell membrane and the con-
tents of ihe particle combine with the intracellular fluid.

The hpid particles of the invention (c.g.. SNALP) can be
administered either alone or i a mixture with a pharmaceu-
licalhy-acceptable carrier (e.g.. physiological saliae or phos-
phate bufler) selected in accordance with the route ofadmin-
istration and standard pharmaccutical practice. Generally.
normal buflered saline (c.g.. 135-150 mM NaCl wall be
employed as the pharmaceutically-accepiable carrer. Other
sutlable carriers include. a.2.. water. buffered water. 0.4%
suline. 0.3% glycine. and the like. mcluding plycoprotems for
enhanced stability. such us albumin, lipoprotein, globulin.
atc. Additional suitable carriers are described in. e.2.. REM-
INGTON'S PHARMACLUTICAL SCIENCES. Mack Pub-

lishing Company. Philadelphia. Pa. 17th ed. (1985). As used
herein, “carrier” includes any and all selvenis, dispersion
media, vehicles. coatings. diluents, anuibacternil and antifin-
gal agents. isotonic and absorption delaying agents. butlers.
carrier solutions. suspensions. colloids. and the like. The
phrase “pharmucceutically-aeceptable” refers to molecular
entives and compositions that do not produce an allergic or
similar untoward reaction when administered to a human.

The pharmaceutically-acceptable carrier is generally
added following particle formation. Thus.alter the particle is
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formed. the particle can be diluted into pharmacautically-
ueceptable carriers such as normal buffered saline.

The concentration of particles in the pharmaceutical for-
maulations cun vary widely, 1c. from less than about 0.05%,
usually at or at least about 2 to 5%. to.as much as about 10 to
o0% by waiaht. and will be selected pnmarily by fuid vol-
umes, viscosities. atc.. in accordance with the particular mode
of administration selected. For example, the concentration
may be mercased to lower the Quid load associated with
ireaiment. This maybe particularly desirable in paticnis hav-
tag atherosclerosis-associaled congestive heart failure or
severe hypertension. Alternatively. particles composed of
irritating lipids maybe diluted to low concentrations to lessen
inflammation at the site of administration.

The pharmaceutical compositions ofthe present invention
maybe sterilized by conventional, well-known sterilization
techniques. Aqueous solutions can be packaged for use or
littered under aseplic conditions and lyophilized. the lyo-
philived preparation being combined with a sterile aqueous
solution prior to administration. The compositions can con-
iain pharmuceutically-acceptable auxiluiry substances as
required to approximate physiological conditions. suchas pl!
adjusting and butlering agents. tonicity adjusting agents and
the like. for example. sodiumacetate. sodiumlactate. sodium
chloride, potassiumchloride. and calciumchloride. Addition-
ally. the particle suspension may include lipid-proteciive
agents which protect lipids against free-radical and lipid-
peroxidalive damages on storage. Lipophilic free-radical
quenchers. such us alphatocopherol and water-soluble iron-
specific chelators, such as ferrioxamine, ure suitable.

A. In Vivo Administration

Systemic delivery for in vive therapy. ¢.g.. delivery ofa
therapeutic nucleic acid to a distal target cell via bodysystems
such as the circulation. has been achieved using, nucleic acid-
lipid particles such as those described in PCT Publication
Nos. WO 05/007196. WO05/121348, WO 05/120152, and

WO04/0024 53. the disclosures of which are herein incorpo-
rated by reference in their entirety for all purposes. The
present invention also provides fully encapsulated lipid par-
icles that protect the nuclete acid fromnuclease degradation
i Serum. are nonimmunovenic. are small in sive. and are
snitable for repeat dosing.

Por in vive administration. administration can be in any
manner knownin the art. ¢.g.. by injection. oral adminisira-
dion. inhalation (c.g.. intransal or intratracheal). transdermal
application. or rectal adminisiraion. Administration caa be
accomplished via single or divided doses. The pharmaceuti-
cal compositions can be administered parenterally. intraar-
ucularly. intravenously. inteaperitoncally, subcutancously, or
intramuscularly. In some embodiments. ihe pharmaccutical
compositions are administered intravenously of intraperito-
neally by a bolus injection (see.e.2..US. Pat. No. 3.286.634).
intracellular nucleic acid delivery has also been discussed in
Straubringerct al. Methods Hazvmol., 101:512 (1983), Man-
fine et of Blatechaigues. 6682 (1988) Nicolauet al. Crit.
Rew Ther Drug Carrier Syst. 6.239 (1989) and Behr. Acc.
Chem. Res, 26:274 (1993), Sull other methods ofadminis-
tering lipid-based therapeutics are described in, for example,
U.S. Pat. Nos. 3.993.754: 4, ]45.410, 4.235.871: 4.224.179,

4.522.803: and 4.588.578. The lipid particles can be admin-
istered bydirect injectionat the site ofdisease or by injection
ata site distal fromthe site of disease (sec, c.g... Culver,
HUMAN GENE THERAPY, MaryAnn Cichert, Ine., Pub-
lishers. NewYork. pp. 70-71(1994)). The disclosures of the
above-described references are herein incorporated byreler-
ence ia their entirety for all purposes.
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The compositions of the present invention. either alone or
in combination with other suitable components. cun be made
inte aerosol formulations (ic. they can be “nebulized”) to be
administered via inhalation (¢.g.. intranasally or intratrache-
ally) (see. Brighamet al. dar. 4 Sei, 298:278 (1989)), Aero-
sol formulations can be placed into pressurized acceptable
propellants, such as dichloredifinoromeihanc, propane, nitro-
gen, and thelike.

In certain embodiments. the pharmaceutical compositions
may be delivered by intranasal sprays. inhalation. and/or
other serosal delivery vehicles. Methods for delivering
nucleic acid compositions dircetlyto the lungs via nasal aero-
sol sprays have been desertbed, c.g. in US. Pat. Nos. 5.756.
353 and 3.804.212. Likewise. the delivery of drags using
intranasal microparticle resins aad Ivsophosphatuidy]-alyc-
erol compounds (U.S. Pat. No. 3.725.871) are also well-
known in the pharmaceutical arts. Similarly. iransmucosal
drug delivery in the form of a polytetraflnorectheylene sup-
port matrix is described ia U.S. Pat. Ne. 5.780.045. The
disclosures of the above-described patents are herein incor-
porated by reference in their enurety lor all purposes.

Coermulations suitable for parenteral administration. such
as. lor example. by intraarticular (in the joints). intravenous.
intramuscular. intradermal. intraperitoneal. and subcutane-
ous routes. include aqueous and noa-aquecus. isotonic sterile
injection solutions. which can coniain antioxidants. bullers.
bucteriosiats. and solutes that renderihe formulationisotonic

with the blood ofthe intended recipient. and aqueous and
non-aqueous sterile suspensions that can include suspending,
agents, solubilivers, thickening agents. stabilizers, and pre-
servatives. In ihe practice of this invention. compositions are
preferably administered, for example, by intravenous intu-
sion. orally. topically. intraperitoneally. intravesically. or
intrathecally,

Generally. when administered intravenously. the lipid par-
ticle formulations are formulated with a suitable pharmuccu-
tical curnier. Many pharmaceutically acceptable carriers may
be employed in the compositions and methods ofthe present
invention. Suitable formulations for use in the present inven-
Hon are found, for example. in REMINCGFUON’S PELTIARMA-
CHUTICAL SCIENCES, Muck Publishing Company. Phila-
delphia. Pa. P7th ed. (1085). A variety of aqueous carriers
maybe used. for example. water. buffered water. 0.4% saline.
0.3% glycine. and the like. and mayinclude glycoproteins for
enhanced stability. such us albumin, lipoprotein, globulin.
etc. Generally, normal bullered saline (135-150 mM NaCl)
will be employed as the pharmaceutically acceptable carrier.
but other suitable carriers will suflice, These compositions
can be sterilized by conventional liposomal sterilization tech-
niques, such as filtration. The compositions may contain
pharmaceutically acceptable auxiliary substances as required
lo approximate physiological conditions. such as pl] adjust-
ing and buttering agents. tonicity adjusting agents. welling
agents and the ike, for example, sodium uceiate. sodium
lactate, sodium chloride. potassium chloride, calcium chlo-
ride. sorbitan monolaurate. triethanolamine oleate. vic. These

compositions cana be sterilized using the techniques referred
to above or, alternatively. they can be produced understerile
conditions. The resulimyg aqueous solutions maybe packaged
for use or filtered under aseptic conditions and lyophilized.
the lyophilized preparation being combined with a sterile
aqueous solution prior to adminisiration,

In certain applications, the lipid particles disclosed herein
maybe delivered via oral administration to the individual.
The paruictes maybe incorporated with excipients and used in
the form ofingestible tablets. buccal tablets. troches. cap-
sules. pills. lozenges. elixirs. mouthwash. suspensions. oral
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sprays. syrups. walers. and the like (see. e.g.. US. Pat. Nos.
5.641.515. 5.580.579, and 5.792.451. the disclosures of

which are herem incorporated by reference m their entirety
for ali purposes). Uhese oral dosage forms may alse coniain
the following: binders. gelatin: excipients. lubricants. and/or
flavoriag agents. When the unit dosage form is a capsule.it
maycontain, in addition to the materials described above. a
hguid carrier. Various other materials may be present as coat-
igs oF lo otherwise modily the physical form of the dosage
unit, Of course. aaymaterial used in preparing aay unit dos-
age form should be pharmaceutically pure and substantially
non-toxic in the amounis employed.

Typically, these oral formulations may contain at least
about 0.1% of the lipid particles or more. although the per-
centage ofthe particles may. of course. be varied and may
conveniently be between about 1%or 2%and about 60%or
70%or more ofthe weight or volume of thetotal formulation.
Naturally, the amount ofparticles in euch therapeutically
useful composition may be prepared is such a waythat a
snitable dosage will be obtained in anygiven unit dose of the
compound. Factors such as solubility, bioavailability, bio-
logical hallf-tile, route ofadmimisiration. product shelllite, as
well as other pharmacological considerations will be contem-
plated by one skilled in the art ofpreparing such pharmaceu-
tical formulations. and as such. a variety of dosages and
ireaiment regimens muy be desirable.

Formulations suitable for oral administration can consist

of (a) liquid solutions. such as an effective amount of a
packaved therapeutic agent such as nucleic acid (e.2.. mter-
fering RNA) suspended in dijuents such as water, saline, or
PIG 400; (b) capsules, suchets. or tablets. each containing a
predetermmed amount ofa therapeutic agent such as nucleic
acid (2... interfering RNA). as liquids. solids. granules. or
gelatin: (c) suspensions in an appropriate liquid: and (d) suit-
able emulsions. Tablet forms can include one or more of

lactose. sucrose. mannitol. sorbital. culenim phosphates. com
starch, potato starch, microcrystalline cellulose. gelatin. col-
loidal silicon dioxide. tale. magnesiumstearate. stearic acid.
and other excipients. colorants. fillers. binders. diluents. bull-
cring ugents. molsicning agents. preservatives. llavoring
upents. dyes. disintegrating agents. and pharmuaccutically
compatible carriers. Lovenge forms can comprise a therapen-
tic agent such as nucleic acid (¢.2.. interfering RNA) in a
flavor. 2.2... sucrose. as Well as pastilles comprising the thera-
peutic agent in an inert base, such as gelatin and glycerin or
snerose und acucia emulsions. gels. and the like containing.in
addition to the therapeutic agent. carriers knownin the art.

Ja another example of their use. lipid particles can be
incorporated into a broad range oftopical dosage forms. For
Insiunee, a suspension containing nucleic acid-lipid particies
such as SNALP can be formulated and administered as gels,
oils. emulsions. topical creams. pastes. ointments. lotions.
foams. Mousses. aad the like.

When preparing pharmaceutical preparations of ihe lipid
parucles of the invention, it is prelerable to use quantities of
the particles which have been purified to reduce or eliminate
empty particles or particles with therapeutic agents such as
aucleic acid associated with the external surtace.

The methods ofthe present invention maybe practiced ina
variety of hosts. Preferred hosis include mammalian specics,
such as primates (¢.2.. humans and chimpanzees as well as
other nonhuman primates). canines. felines. equines.
bovines. ovines, caprines, rodents (c.g... rats and mice). lapo-
morphs. and swine.

The amount ofparticles administered will depend uponthe
rao of therapeutic agent (e.2.. nucleic acid) to lipid. the
particular therapeutic agent (¢.2.. nucleic acid) used. the dis-
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vase of disorder being treated. the age. weight. aad condition
af the patient. and the judgment ofthe clinician, but will
generally be between about 0.0] and about 50 my per kilo-
gram ofbodyweight, preferably between about 0.) and about
5 meke of body weight. or about 10°10" particles per
administration (2.2... injection).

8. In Vitro Administration

Vor in vitro applications, the deliveryoftherapeutic agents
such as nuclei acids (c.¢.. interlerme RNA) canbe to anyceil
grown in culture, whether ofplant or animal origin, vertebrate
of invertebrate. and ofanylissue of type. In preferred embodi-
ments. the calls are animal cells. more preferably mammalian
cells. and most preferably humanceils.

Contact between the ceils and the lipid particles. when
carried out in vitro, takes place ina biologically compatible
medium. ‘The concentration of particles varies widely
depending on the particular application. but is generally
between about | pmol and about 10 mmol. Treatment ofthe
eclls with the lipid particles is generally curried out at physi-
ological temperatures (about 37° C.) for perieds of ume of
from about 1 to 48 hours. preferably of from about 2 to 4
hours.

In one group of preferred embodiments. a lipid particle
suspension is added to 60-80%confluent plated cells having
a cell density of from about 10° to about 10° cells/ml, more
preferably about 2x10* cells/ml, The concentration ofthe
suspension added 10the cells is prelerably of fromabout 0.01
to 0.2 pe/mil, more preferably about 0.) pp/mil.

Using an Pindosomal Release Parameter (RP) assay. the ,
deliveryefficiency ofthe SNALPor otherlipid particle ofthe
invention can be optimized. An RP assay is described in
detail in US. Patent Publication No. 20030077829. the dis-

closure of which is hereia incorporated by reference in its
antirety for all purposes. More particularly. the purpose ofan
i:RP assay1s to distinguish the eficet ofvarious cationic lipids
and helper lypid components ofSNALPbased ontherrelative
effect on binding/uptake or lision with/destabilization ofthe
endosomal membrane. This assay allows one to determine
quantitatively howeach componeat of the SNALP or other
lipid particle affects deliveryefficiency. thereby optimizing
the SNALP or other lipid particle. Usually. an ERP assay
measures expression of a reporter proteia (@.2.. luciferase.
{i-galactosiduse, green Muorescent proicin (GFP). cic.) and in
some instances. a SNALP formulation opuumived for an
expression plasmid will alse be appropriate for encapsulating
an inlertering RNA. In other instances. an ERP assay can be
adapted to measure downregulation oftranscriptionor trans-
lation of a target sequence in the presence or absence ofan
interfering RNA (e.g.. siRNA). By comparing the |:RPs for
each of the various SNALP or other lipid partictes. onc can
readily determine the optimived system, c.g.. the SNALP or
other lipid particle that has the greatest uptake inthe cell.

C. Cells tor Delivery of Lipid Particles
The compositions and methods ofthe present invention are

used to treat a wide vanityofcell types. in vive and in vitro.
Suitable cells include. e.g... hematopnietic precursor (stam)
cells. Obroblasis, keraunocytes, hepatocytes. endothelial
celis. skeletal and smooth muscle cells. osteoblasts. neurons.

quiescent lymphocytes. terminally differentiated cells, slow
or noneyeling primary cells. parenchymal cells, lymphoid
cells. epithelial cells. bone cells. and the like. In preferred
ambodiments. an active agent or therapeutic agent such as an
interfering RNA (e.g.. sHRNA) is delivered to cancer cells
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such as. a.2.. lung cancer cells. colon cancer cells. rectal
cancer cells. anal cancer cells. bile duct cancer cells. small

Intestine cancer cells, stomach (gastric) cancer cells, esoph-

ageal cancercells, gallbladder cancercells, liver cuncercells,

pancreatic cuncereclls. appendix cancercells. breast cancer

cells, ovarian cancer cells. cervical cancer cells. prostate cun-
cercells. renal cancer cells, cancercells ofthe central nervous

system. glioblastoma tumor cells. skin cancer cells. Iym-

phoma cells. chorincarcinoma tumor cells. head and neck

cancer calls. osteogenic sarcoma tumor cells. and blond can-
cer cells,

Ja vive delivery oflipid particles such as SNALP encap-
sulting an interlerme RNA (c.g... sugtNA} is suited for target-
ing cells ofanycell type. The methods and compositions can
be employed with cells of a wide waricty ofvericbrates,
including mammals. such as. e.g. canines. felines. equines.
bovines. ovines. capriges. rodents (e.2.. mice. rats. and guinea
pigs). lagomorphs. swine. and primates (¢.2. monkeys. chim-
panvzees. and humans).

‘To the exient that Ussue culture ofcells may be required.it
is well-knownin the art. For example, Freshney. Culiure of
Amimal Cells. a Manual of Basie Technique. 3rd I:d.. Wiley-
Liss. New York (1094), Kuchiler et al. Biochemical Methads

i Cell Culture and Virology. Dowden. Hutchinson and Ross.
inc. (1977). and the references cited therein provide a general
guide io the culture af celis, Cultured ceil systems often will
be in the form of monolayers ofcells, although cell suspen-
sions are also used.

(>. Detection of Lipid Particles
In some embodiments. the lipid paruictes of the present

invention (e.2., SNALPare detectable in the subject at about
1,2, 3.4.5.6. 7.8 or more hours. [n other embodimenis, the

lipid particles of the present invention (¢.2.. SNALP) are
detectable ia the subject at about & 12. 24. 48. 60. 72. or 96
hours. or about 6. 8.10.12. 14.16.78. 19. 22.24. 25. or 28

days after administration ofihe particles. The presence ofthe
parucles cun be detected in the cells, issues, or other biologi-
cal samples from the subject. The particles may be detected,
2.3.. by direct detection of the particles. detection ofa thera-
pentic nucleic acid such as an interfering RNA (@.2.. siRNA)
sequence. detection of the target sequence of terest (i.e. by
detecting expression or reduced expression ofthe sequence of
Interest}, or a combination thereal.

i. Detection of Particles

Lipid particles of the invention such as SNALP can be
detected using agy method known ithe art. For example. a
label can be coupled directly or indirectly to a component of
the lipid particle using methods well-known in the art. A wide
variety oPlabels can be used. with the choice oflabel depend-
Ing On sensitivity required, case ofconjugation with the lipid
particle component. stability requirements. and available
iasirumentation and disposal provisions. Suitable labels
include. but are not limited to. spectral labels such as fluores-
cent dyes (c.g... foorescein and derivatives, such as fuores-
cein isothiocyanate (FITC) and Oregon Green! *: rhodamine
and derivatives such Texas red. tetrarhodimine isothincynate
(TRITC). etc. digoxigenin. biotin. phycoerythrin.AMCA.
CyDyes™,and the like: radiclabels such as *H.'7°1. ¥S. 4e,
=P 352 otc. enzymes suchas horse radish peroxidase. alka-
line phosphatase, cic. spectral colorimetric labels such as
colloidal gold or colored glass or plastic beads such as poly-
styrene. polypropylene. latex. etc. The label can be detected
using any means knownin the art.
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2. Detection of Nucleic Acids

Nuclei acids (¢.p.. interfering RNA) are detected and
quantified herem by any ofa number ofmeans well-known to
those of skill in the art. ‘The deicetion ofnucleic acids may
proceed by well-known methods such as Southern analysis.
Northern analysis. gel electrophoresis. PCR. radiolabeling.
scinuilation counting, and affinity chromatography. Addi-
tional analytic biochemical methods such as spectrophotom-
airy. radiography. electrophoresis. capillary electrophoresis.
high performance liquid chromatography (PLC). thin layer
chromatography (TLC). and hyperdifusion chromatography
miyalso be employed.

The selection ofa nucleic acid hybridivation format 1s not
eritical. A varievy of nucleic acid hybridization formats are
known to those skilled in the art. For example. common
formats include sandwich assays and competition or dis-
Placement assays. Ulybridizaiion ticchniques are generally
deseribed in. e.g., “Nucleic Acid Hybridization. A Practical
Approach.” Eds. Hames and theains. IRL. Press (1085),

The sensitivity of the hybridization assays may be
enhanced through use ofa nucleic acid amplification system
which muliiples the target nucleic ucid being detected. In
vitro amplilication techniques suitable for amplifying
sequences for use as molecular probes or for generating
nucleic acid fragments for subsequent subcloning are known.
i:xamples of techniques sufficient to direct persons ofskill
through such in vitro amplification methods. including the
polymerase chain reaction (PCR) the ligase chain reaction
(LCR). Qf-replicase amplification and other RNA poly-
merase mediated techniques (e.g.. NASBA) are found in 3
Sambrook ct al. fa Molecular Cloning: A Laboratory
Manuel, Cold Spring Harbor | aboratory Press (2000): and
Ausubel et al. Sort Protocors ts MoLecu.ar Brotacy. eds..

Current Protocols. Greene Publishing Associates. Inc. and
John Wiley & Sons. Inc. (2002): as well as US. Pat. No.
4.683.202: PCR Protocols. A Guide io Methods and Appli-
cations (Innis et al. eds.) Academic Press Inc. San Uhego.
Calif. (1990): Arnheim & Levinsan (Oct. 1.1990). CAIN 36:
fhe Journal OPNITResearch, 3:31 (1991). Kwohetal.. Proc.
Natl, Acad, Sei. US4, 86:1173 (1989): Guatelli ct al. Pree,
Natl. dead. Sei. USA, 87/1874 (1990): Lomeli et al. 2 Cia.
Cheat. 33:1826 (1989): Landegrenet al.. Science. 2411077
(1988): Van Brunt. Bioteckrelogy. 8:29] (1990): Wu and
Wallace. Gere. 4.360 (1989). Barringer at al. Geve. 89:117
(1990): and Sooknanun and Malek. Biotectnology, 13:563
(1995). Improved methods of cloning in vitro amplified
nucleic acids are described in U.S. Pat. No. 3.426.039. Other

methods described in the art are the aucleic acid sequence
bused amplification (NASBA'™), Cangenc, Mississauga.
Ontario) und Qp-replicuse systems. These systems can be 5
used to directly identify mutants where the PCR or CR
primers are designed to be extended or ligated only when a
selact sequence is present. Alternatively. the select sequences
can be generally amplificd usm. for example, nonspecific
PCR primers and the amplified target region later probed for ss
aspecific sequence indicative ofa mutation. The disclosures
of the above-described relerences are herein incorporated by
reference in their entiretyfor all purposes.

Nucleic acids for use as probes, e.g. nin vitro umplifica-
tion methods. lor use as gene probes, or as intubiior compo-
henls are typically synthesized chemically according to the
solid phase phosphoramidite triester method described by
Beancage et al.. fefrahedron Lefts., 22:1859 1862 (1981).
eg. using un automated synthesiver. as described in
Needham VanDevanter ct al. Nucleic Acids Res. 12:6159

(1984). Puriication of ployanclentides. where necessary. is
iwpically performed byeither native acrylamide gel electra-
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phoresis or by anion exchange HPLCas described in Pearson
etal. £ Chrow., 255:137 149 (1983). The sequence ofthe
synihetic poluyucleotides can be verified using the chemical
degradation method of Maxam and Gilbert (1980) m Gross-
manand Moaldave (eds.) Academic Press. NewYork. Methods
fe Eezyniotowy, 65:499,

An alternative means for determining the level ofranserip-
Wien is in situ hybridization. In situ bybridivation assays arc
well-known und are generally described in Angerer et al.,
Methods Fazvinel., 132.649 (1987), Ia an in sito hybridiza-
tion assay. calls are fixed to a solid support. typically a glass
slide. [FIONAis to be probed, the cells are denatured with heat
or alka. The cells are then contacted with a hybridivation
solution at a moderate temperature to permit annealing of
specific probes that are labeled. The probes are preferably
labeled with radioisotepes or Horescent reporters.

Vth EXAMPLES

The present invention will be described in greater detail by
way of specific examples. The following cxamples are
offered for illustrative purposes. and are not mtended tolimit
ihe invention in any manner. Those of skill in the art will
readily recognize a variety of noneriical parameters which
can be changed or modified to yield essentially the same
results.

I:xample |

Materials and Methods

sIRNA: All siRNA molecules used in these studies were

chemically synthesized by the University of Calgary (Cal-
aary. AB) or Dharmacon Inc. (Lafayette. Colo). The siRNAs
were desalted and annealed using standard procedures.

(aipid Encapsulation of siRNA: In some embodiments,
siRNA molecules were encapsulated mto nuclere acid-lipid
particles composed ofthe followinglipids: the lipid conjugate
PEG-cDMA (3-N-[CMethoxypaly(ethylene  glycol)2000)
carbamoyl |-1,2-dimyristyloxypropylamine): the cationic
lipid DLmDMA (1.2-Dilinoleyloxy-3-(N.N-dimethyQami-
noepropane). the phospholipid DPPC (1.2-Dipalmitey]-sa-
alycero-3-phosphacolinelh Avanti Polar Lipids: Alabaster.
Ala. and syntheuc cholesterol (Sigma-Aldrich Corp. St.
Lows, Mo.jin the molar ratio 1.4:57.1:7.1:34.3. respectively.
in other words, siRNAs were encupsulated into SNAIL Pofthe
following “1:37" formulation: 1.4% PhG-cDMA: 37.1%
DLiaDMA: 7.1% DPPC: and 34.3% cholesterol, In other

embodiments. siRNA molecules were encapsulated into
phospholipid-tree SNAIL P composed of the followinglipids:
the lipid conjugate PHG-cl}MA: the cation lipid
DLinDMA: and synthetic cholesterol in the molar ratio 15:
61.5:36.9. respecuvely. In other words. siRNAs were encap-
sulated into phospholipid-free SNADP of the tollowing
“1:62" formulation: 1.5%PIG-cDMA: 61.5%D1 inDMA,

and 36.9% cholesterol. For vehicle controls. empty particles
with identical lipid composition were formed in the absence
of siRNA. It should be understoad that the 1:57 formulation

and 3:62 formulation ure target formulations. and that the
umount of pid (both cationic and non-cationic) present und
the amount oflipid conjugate present in the formulation may
vary. Typically. in the 1:57 formulation. the amount ofcat-
ionic lipid will be 57 mol %£5 mol %. and the amount oflipid
conjugate will be 1.5 mol %F0.5 mol %, withthe balance of

s the 1:57 formulation bemg made up of non-cationic lipid
(2.g.. phospholipid. cholesterol. or a mixture of the two).
Similarly. in the 1:62 formulation. the amount ofcationic
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lipid will be 62 mol % £5 mol %, and the amount oflipid
conjugate will be 1.5 mol %+0.5 mol %. with the balance of
the 1:62 formulation being made up of the non-cutionic lipid
(og.. cholesieral).

I:xample 2

Hg5 siRNA Formulated as 1:57 SNALPare Potent
fnhibitors of Cell Growth In Vitro

SNALP formulations were prepared with an siRNAtarget -
ing 1:g5 as the nucleic acid component. i25 is a member of
kinesin-relaicd proteins that are invelved in functions related
lo movements of organelles. microtubules. or chromosomes
along microtubules. These functions include axonal trans-
port, microtubule shding during nuclear fusion or division.
and chromosome disjunction during meiosis and carly mito-
sis. Eas plays a critical role in mitosis of mammaliancells.
The Fe5 siRNA used inthis studyis provided in Table 1. The
modilications involved introducing 2OMe-uridine at
selected positions in the sense and antisense sirands ofthe
i:25 2263 siRNA sequence. m which the siRNA duplex con-
tained less than about 20% 2'OMe-madified nucleotides.

TABLE 1

a

20

70

TABLE 2-continued

Characteristics of the SSATP formulations used inthis study.  

Formulation
Composition, Mole % Finished Product

 

 

PG (2OU-CDMA  Liprl Characterization

Sanyple TanMA Drug Sive Poby- Yo
No. DPPC Cholestero! Rate timp dispersity luncapsulation

11 Ll 42.6 5.5 ShP 22000 go O.be us
12 fo 40.4 Th1 4es 25.6 7h tl ah
13 24 56.5 7.0 GRR 1b 62 u.ld gu
14 26 326 13.2 316 n6 66 O14 ou
15 2.1 42.1 3.4 80.8 Ta 41 ule #1
16 2 40 10 4y 24,7 67 O14 uo

Silencing of i325 by siRNA transicction causes mitotic
wrest and apoptosis in mammalian cells. Celi viability fol-
lowing transfection with SNALP containing an siRNA tar-
aeling |:25 therefore provides a simple biological readout of
in Vitro translection efficiency. Cell viability ofin vitro cell
culttires was assessed using the commercial reagent CellTi-
ter-BluckR(Promega Corp.. Madison. Wis.). a resavurin dye

 

SIRNA duplex comprising sense and antisense EqS ENA polynucleotides.

 
Modi fi - SEQ ID % 2'OHe- @ Modified
cation EgS 2263 sikWA sequence no: Modified in DS Region

u/o 5' - CUGRAGACCUGARAGACAAUATAT-3"* 1 6/42 = 14.3% 4/38 = 15.8%
3¢ -dTATGACUUCUGGACUUCUGUUA -S' 2

 
The lipid components and physical characteristics of the

SNALP formulations are summanzed in Table 2. The lipid:
drug ratio is described in units ofme total lipid per me nucleic
acid. Meanparticle size and polydispersity were measured on
a Malvern Instruments Zetasizer. ncapsulation of nucleic
acid was measured using a Ribogreen assay essentially as
deseribed in Heyes ct al., Journal of Coatrolled Release,
107:276-287 (2005).

TABLI: 2

Characteristies of the SNALP formulations used in this study. 

Fonnulanion

Conposilion, Mole % Finished Product

PEG (2HeCTMA Lipid Characlerivalion

 
Sample 13Lind MN lng Sive Paly- ty

NO, BPPC Cholesterol=Ratio fam) dispersity Eneapsukution

I 2 4 jo 4K In400 5? On? cay
2 LB 364 TR 45.600 Id Fa 12 By
3 14070 G8 644 165 70 lt 92
4 1.30 25.5 12.7 Gee TEI Fo than? 93
a 3 FOF Ue AP 13.5 AR 27 6
# 3.6 38.7 179 429 151 SS ws a7
7 2.7 30.7 7 Gwe 17.6 Ag uF 3
i 23 384 123A GO.|TOF él i135 3
u L4 57.1 7.1 343 178 a4 10 a8

lu 1.30 S53 13.5 42.0 1Q5 th alu By

4u
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that is reduced by metabolically active cells to the Hourogenic
product resorufin. The human colon cancer cell line (7729
was cultured using standard ussne culture techniques. 72
hours after SNALP application. CellTiter-BlueRreagent was
added to the culture to quantify the metabolic activity of the
cells, which is a measure ofcell viability. Duta are presented
us a percent ofcell viability relative to Cunireaicd”) control
calls that received phosphate bullered saline (PBS) vehicle
only,

PIG. 1 showsthat the 1:57 SNALP formulation contaiaing
Hgs 2263 U/U siRNA was among the most potent intubiors
oftumorcell growth ai all sIRNA concentrations tesied (sce,
hiG. 13. Sample 9).

Example 3

ApoB siRNA Formulated as 1:37 SNALP have
Poteat Silencing Activity In Vivo

SNALPformulations were prepared with an siRNA target-
ing apolipoprotem13 CApol3) as the nucicic acid componeni.
Apol? is the main apolipoprotein of chylomicrons and low
density lipoproteias (LDL). Mutations in ApoB are assaci-
ated with hypercholesicrolena. Apol} occurs in the plasma
in 2 main forms, ApoB48 and Apol3100. which are synihe-
sized in the intestine and liver, respectively. duc to an organ-
specific stop codon. The ApoB siRNA used in this studyis
provided in Table 3. The modifications invelved introducing
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2'OMe-uridine or 2'OMe-guanosine at selected positions in bulfered saline (PBS) vehicle. On Study Day2. animals were
the sense and antisense strands of the ApoB siRNA sequence. cuthanived and liver ussuc was collected in RNAlater,
in which the siRNA duplex contamed less than about 20% (Liver tissues were analyzed for Apol} mRNAlevels nor-
2'OMe-modified nucleotides. malized against glyecraldehyde-3 -phosphate dehydrogenase

TABLE 3 

BiRNA duplex comprising sense and antisenge ApoB RHA polynuclestided.

Pasi- Madifi- SEQ ID % 2'OMe- % Modified
tion cation ApOBR siRNA sequence No; Modified in DS Region

1od42 U2/2 Gl/2 5' - AGUGUCAUCACACHUGAADACC- 3° 3 7Ffqdz = 16.7% 7/28 = 18.4%
3° - GUUCACAGUAGUGUGACOUUAU-S' 4

 
The lipid components and physical characteristics of the (APD) mRNA levels using the QuantiGiene assay (Pa-

formulations are summarized in Table 4. The lipid:drug ratio
is described in units of mez total lipid per mg nucleic acid.
Mean particle size and polydispersity were measured on a

nomics: Fremont. Calif.) essentially as described in Judge at

al. Molecular Therapy. 13.494 (2006).

Malvern instruments Zatasizer, Encapsulation ofnue leic acid 23 ic; 2 shows that the 1:57 SNALPformulation containing
was measured using a Riboyreen ussay essentially as .
described in Heyes et al., Journal of Controlled Release, Apol3 10048 U2/2 G1/2 siRNA was the most potent at reduc-
107:276-287 (2005). tag ApoB expression in vivo (see. Group 11).

TABLE 4 

Characteristics othe SNALP formulations used itis study.

Finished Product Characterization

 
Formulation Composition Lipid rig Sree Poly- ty

Croup Lipid Sante & Mole % Ratio fn) dispersity Encapsulation

2 PICDM A DEmnDMA DPPC Cholesieral 124 BY aS 95
2 duh Wh dk

3 PEC 2000)--BMA DLNDMA Cholesterol 1a? BB m1? V1
3.7 44.4 5555

4 PEG(2000)-0-DMA DLNBMA DOPC Cholesterol 12.5 ag 16 92
2 4o je 48

5S PEGUHAMW-OC-DMA DLinD MA DMPC Cholesterol 12.3 ad uh 3
2 4o je 48

6 PCHHO-DMAA DLinD MA PPE Cholesterol 13.8 OG it 95
se 36.4 18.3 45.6

Fo PRG(2000)-0-DMA DLnGMA DPPC Chelestanol 12.4 3G 12 92
2 duh Wh dk

8 PRCH2000)-0-DMA DLNDMA DPPC Cholesteral 16.5 60 ole O3
L4 27.0 68 G4

9 PR2O0K-C-DMA DLnDMA DPPC Cholesieral 18.1 fd 1G g2
130 25.5 127 60.8

lo PG 200-C-DMA DLinDAA DPPC Cholesteral 12 GU 1G 95
2 TSab PA G00

LE PR2000)-C-DMA DLNDMA DPPC Cholesteral 178 79 Ou o4
1.4 AFD 7.4 445

12 Pt 200-C-DMA DinDAA DPPC Cholesteral 33.6 G2 uh 93
I 40,4 pap 4a.5

13 PCHFHRC-DMA DLInMA PPC a? Th th n?
2 oe

14 PRG 200O-C-DMA LinDMA PPC I13 65 11 a7
LG S47 43.4

BAL Ble mice (female. ai least 4 weeks old) were obtained 6° Example 4
from Harlan labs. Afier an acclimation period (olat least 7
days). animals were administered SNALP by intravenous ApoB siRNA Formulated as 1:37 SNALP have
(IV) injection in the lateral tail vein once daily on Study Day Potent Silencing Activity In Vivo
0 (i dose total per animal). Dosage was | mg encapsulated
sIRNA per ke body weight. corresponding to 10 mi/ke 639SNALP formulations were prepared with theApo siRNA
(founded twothe aearest 10 pil). As a negative control. one set forth in Table 3. The lipid components and physical char-
group of animals was given an TV injection of phosphate acteristics of the formulations are summarized in Table 5. The
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lipid:drng ratio is described in units of mg total lipid per me
nucleic acid. Meanparticle sive and polydispersity were meu-
sured on a Malvern Insiruments /ectasiver. Encapsulation of
nucleic acid was meusured using a Ribogecen ussuy cssen-
lially as described in Heyes et al. Jourral ofContratled
Release, 107:276-287 (2005).

TABLES

Characteristies of the SNALP formulations used in this study. 

SSALP Particle Size %%
{LD rate) siRNA Payload (Pelydispersity) Encapsulation

J:ME(IS)|ApoHME LI? 2 G1 2 GF nn hte ah
A? (9) Apol-beo4s 22 21 20 74 nn(ly ao

The 2:30 SNALP formulation used in this studyis lipid
composition 2:30: 20:48 as described in molar percentages of

3S

10

74

PIG. 3 shows that the 1:57 SNALP containing ApoB 10048
U2/2 Gi/2 siRNA was more than 10 times as efficacious as

the 2:30 SNALP in mediating Apol3 gene silencing in mouse
liver at a 10-fold lowerdose.

Example 5

Apol3 siRNA Pormulated as 1:57 or 1:62 SNALP
have Potent Silencing Activity la Vivo

SNALPformulations were prepared with theApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics ofthe formulations are summarized in Table 6. The

lipid:drug ratio is deseribed in units of my total lipid per mp
nucleic ucid. Meanparticle sive and polydispersity were mea-
sured on a Malvern Instroments Zetasiver. Encapsulation of
nucleic acid was measured using a Riboarcen assay essen-
tially as described in Heyes et al. /owrnal of Controlled
Release, 107:276-287 (2005).

TABLE: 6

Characterists of the SNALP formulations used in this study. 

Tapid—Finished Product Characterization

Formulation Composition line|Sree Parly- a
Croup Lipid Name & Mole % Ratio (un) dispersity encapsulation

2 PRCH200-C-DMA DLNDMA DPPC Cholesterol 8.9 rif 1,06 Bu
b.4o S71 FLL 34.5

3 PCH FUHERC-PM A DLin RMA Cholesterol 4.1 7a hab hG
La G15 309

4 PCH FHeC-DMLA DODMA DPPC Cholesterol 4.0 Fa ThA A
14 37.1 71 343

5 PRCHSO00-C-DMA DLnDMA DPPC Cholesterol th6 ao 16 Bu
b.4o S71 FLL 34.5

6 PRCW20eeC-DMA DLnDMA GPPC Cholestanal 8.9 68 ole ud
b.4o S71 FLL 34.5

Fo PCH FWHEOC-DM A DDMA DPPI Cholesterol 8.0 72 ThA? Ys
14 37.1 71 343

i PEG(MMUFC-DMA DLindMA DPPC 4.6 F4 1G sO
Le 72 781

40

PEG-C-DMA, DLinDMA, OSPC. and cholesterol (in that
order). This formulation was prepared bysyringe press alan
input lipid to drug (1:D) ratio (ma:ma) of 13:1.

The 1:57 SNALP formulation used in this studyis lipid
composition 1.5:57.1:7:34.3 as described in molar percent-
ages OFPEG-C-DMA, D1 inDMA. DPPC, and cholesterol Gin
that order). This formulation was prepared by syringe press at
an Input pid to drug (1:1) ratie (mgimp) of & 1.

BALBe mice (lemale. 4 weeks old) were obtained from «5
Harlan Cabs. After an acclimation period (ofat least 7 days).
animals were administered SNALP by intravenous (WV)
injectionin the lateral tail vein once daily on Sindy Days 0. 1.
2.3 & 4 toratotal of 5 doses per anmmal. Daily dosage was
either 1.0 (for 2:30 SNALP) or 0.) Cor 1:57 SNAIP) mp 55
encapsulated siRNA perkp body weighi. corresponding to 10
mi/ke (rounded to the nearest 10 ply. As a negative control.
one group of animals was given IVinjections of phosphate
buffered saline (PRS) vehicle. On Study Day 7.72 hatter the
last treatment. animals were euthanized and livertissue was
coliecied m RNAlater.

Liver ussues were anulyved for ApoB mRNAlevels nor-
malived ugamst glyceraldchyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nomics: Fremont. Calif) essentially as described in Judge et
al.. Molecitar Therapy, 13:494 (2006).

45

¥

Gu

BA) .3/e mice (female, at least 4 weeks old) were obtained
from Elarlan Labs. After an acclimation period (of at least 7
days). animals were administered SNALP by intravenous
(IV) injection in the lateral tai] vein once daily on Study Day
00] dose total per animal). Dosage was 0.75 my encapsulated
siRNA per ke body weight, corresponding to 10 mi/kp
{rounded to the nearest 10 ul). As a negative control. one
aroup of animals was given an [IV injection of phosphate
bulfered saline (PBS) vehicle. On Study Day2. animals were
cuthanived and liver ussuc was collected in RNAlater,

(Liver tissues were analyzed for Apol} mRNAlevels nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels using the QuantiGene assay (Pa-
nanues, Fremont. Calif.) essentially as described in Judge ei
al. Molecular Therapy, 13.494 (2006).

VIG. 4 shows that the 1:57 and 1:62 SNAL.P formulations

had comparable Apol3 silencing activity in vivo (see. e.p..
Groups 2 & 3).

Example 6

ApoB siRNA Formulated as 1:62 SNALP have
Potent Silencing Activity In Vivo

SNALPformulations were prepared with theApoB siRNA
set forth in Table 3. The lipid components and physical char-
acteristics of the formulations are summarized in Table 7. The
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lipid:drng ratio is described in units of mg total lipid per me
nucleic acid. Meanparticle sive and polydispersity were meu-
sured on a Malvern Insiruments /ectasiver. Encapsulation of
nucleic acid was meusured using a Ribogecen ussuy cssen-
lially as described in Heyes et al. Jourral ofContratled
Release, 107:276-287 (2005).

TABLE 7 

Characterists of the SNALP formulations used in dig study.

Formukiion Finished Product

 

Composition, Mole % Lipid Characterization

PECi( 2000 )-C-D MA Drug Size Paly- M
Group Dhan DMA Cholesterol Ratio (mm) dispersity sncapsulation

2 LS 618 360 6.1 80 wot 92
3 4 S48 43.8 6.0 #4 O05 au
4 Zo 61.2 36.7 6.2 Tl HL 91
5 L& Mis 43.6 oF GF 0g 91
6 1.3 G81 hG T4091 THAKG a
? 1.2 618 37.1 hu ORT WG Oe
a L? G78 Fas 7G 3 wot 91
Y l.4o 36.3 42.5 £6 7a HL g2

10 Lo 61.35 368 a2 a 10 91
ll LS 36.1 42.1 a8 70 10 ow
12 1.3 66.7 32u4b A #O tag a
13 es 1.0 87 10 91
14 lL? 664 3140 QO 82 wl ow
15 La 61.5 36.0 lal To del 91

 
BAL.Bic mice (female. at least 4 weeks ald) were obtained

from Harlan Labs. After aa acclimation period (ofat least 7
days). animals were adminisicred SNAP by mtravenous
CV) injection in thelateral tail vein once duly on Study Day
O (1 dose total per animal). Dosage was 0.1 me encapsulated
SIRNA per kp body weight. corresponding to 10 mi/ke
(founded twothe aearest 10 pil). As a negative control. one
group of animals was given an TV injection of phosphate
buffered saline (P38) vehicle. On Study Day2. animals were
euthanized and liver tissue was collected in RNAlater.

(Liver tissues were analyzed for Apols mRNA levels nor-
malized against elyceraldehyde-3-phosphate dehydrogenase
GSAPDIT} mRNA levels using the QuantiGene assay (Pa-
nomics: Fremont, Calif) essenually as described in Judge ct
al., Molecular Therapy, 13:494 (2006).

(1. 5 shows thai the 1:62 SNAI.P formulation was one of

the most potent inhibitors ofApoexpression at twodifferent
lipid:drng rauios (i... 6.1 & 10.1) among the phospholipid-
free SNAL.P formulations tested (see, Groups 2 & 15).

Example 7

in Vive Silencing ofApol3 Uxpression Using 1:57
SNALP Prepared Via a Syringe Press or Greur Pump

Process

This studyillustrates a comparison ofthe tolerability and
ateacy of the 1:57 SNACLPformulation with ApoR-tarecting,
SIRNA as prepared by various munulaecturing processes. In
particular, 1:57 SNALP was prepared by a syringe press or
gear pump process using either PISS or citrate buffer (post-
blend dilution) and administered intravenouslyia mice.

ixperimental Design

Agimal Model: Female BALB/c mice. 3 wks ald.a 4 per
Broup/cage.

siRNA payload: ApoB 10048 U2/2 G12 siRNA.

3S

ha ma

4u

A ft

Gu

 

 

 

Tolerability:

Pe Injection

Ciroup Formulation sIRN Aime ke Tapid age ke

1 PES vehicle Standard 10 imL ke volume
2 1 37 Citrate Direc! nL Swringe Press 7 FF
3 137 PBS Direct 131). Syringe Press ? ut
4 137 PRS Direct Dil. Gear Panty ? TH
x 1 37 Citrate Direc! nL Swringe Press y Wy
t 137 PBS Direct 131). Syringe Press g 125
7 137 PRS Direct Dil. Gear Panty Q fod

Hfficucy:

WW Injection

Greup Formukiion sIRNAne ke Lipiding ke

8 PBS veluele Standard lo any, ke volume
u 1 37 PRS Direct Dil. Syringe Press 0,05 0.68
lt 1 47 PBS Direet 311. Crear Pump UUs Us?
11 1 47 PBS Direcet 1311. Syringe Press ol 1.36
12 1 37 PRS Direst Dil. Crear Puunp | 113 

Formulation:

Formulations are provided at 0.005 to 0.0 me siRNA/mL.
0.22 wmfilter sterilized in crimp top vials.

Formulation Details:

1. CLapid composition “1157 Citrate blend” used imthis
studyis 1.4:57.1:7,1:34.3 as deseribed in molar percent-
ages af PIG-C-DMA. DLinDMA. DPPC. and choales-
terol (in that order). This formulation has an input lipid
to drug ratio of 8.9,

2, Gear pump set up included 0.8 mim‘connector and 400
ml/min speed,

3. siRNA used in this study is apol3-)0048 (2/2 Gr1/2
siRNA,

Formulation Summary:
 

Particle Sivee

 
Aan % Vinal 1.213

Ps? hl pe DOW RNA (rm) Poly Tenccaqy (anngezragey

322-050807-1 Syringe PES Blend 9 O12 13.6
322-UAF-2 Syringe Citrate Blend RO ULL YL Lh
322-O50807-3 Civar PIES Blend 8000 OOH US 1h

Procedures

Treatment: Just prior to the first treatment, animals are
walghed and dose amounts are calculated based on the weight
of individual animals (equivalent to 10 mL/ke. rounded to the
nearest 10 qd). ‘Test article is administered by TV injection
through the tail vein once on Day 0 (1 dose total per animal).
Bodyweiglit is measured daily (every 24 h) for the duration of
the study. Cage-side observations are taken daily in concert
with bedy weight meusurements and additionally us war-
ranted.

Group 1-7 Pndpoint: Animals are sacrificed on Day 1.24h
after test article administration. Blond 1s collected bycardiac
puncture upon suenfice. Whole amount is collected into a
SST microtainerfor serum. Clot for 30 (to 60) min at room
temp.. centrifuge for 5 min at 16.000xea & 16° C.. invert to
conlirm centrifugation is complete. and stare at 44°C. Analyze
complete small-animal clinical chemistry panel plusASTand
SOIL Top priority list AUT. AST. SDL Bilirubin, Alkaline
Phosphatase. GGT. BUN. CPR. Glucose. Secondary priority
list: Creatinine. Albumin. Globulin. Total Protwin.

JA00288
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Group 8-12 Endpoint: Animals are sacrificed on Day 2. 48
h after test article admunisiration. Gload is collecied by car-
die puncture and processed for plasma. Immediately cenin-
fuge for 5 mun at 16.000xy (at 16° C.). Record any observa-
tions of unusual plasma appearance. Pipette offclear plasma
supernatant into a clean microfuge tube and store at 80° C.
The following ussues are removed und weighed separately:
liver and spleen. ‘Uhe bottom (inatiached) halfofthe left liver
lobe is detached and submerged in 25 volumes of RN-Alater
(<0.3 9101.5 mi. RNAlater in 2.0 mL. tube). stored at least 16
hours at 4° C. prior to analysis and long termstorage at —20°
Cooor -B0° CL for archival purposes. Formulations are
expected to be weil tolerated. Mice which exhibit signs of
distress assaciated with the treatment are terminated at the
discretion of the vivariumstall.

Termination: Mice are anaesthetized with a lethal dose of

ketamine/xylavine: then cardiie puncture is performed fol-
lowed bycervical dislocation.

ala Analysis: Tolerability of treatment regime is moni-
tored by animal appearance and behavior as well as body
weight. Blood clinical chemistry is measured by automated
analyver. Apol3 and GAPDIT mRNAlevels in liver are meu-
sured wia QG assay. Apol3 protemin plasma is measured via
(:)ISA. Total cholesterol in plasma is measured via standard
anzymatic/colorimetric assay,
Resulis

There was no bodyweight loss or change in animal appear-
ance/behavier upon administration of the (57 SNALP lor-
muilavions. FIG. 6 shows that the tolerability of SNAIPpre-
pared by citrate buffer versus PBS direct dilution did not
differ significantly in terms of blood clinical chemisiry
parameters. There was a tolerabiliry difference between
syringe ciiratc and syringe PBS at constunt siRNA dosage.
bui that was likely an artiluet dependent on the different final
lipid:divg (1.1) ratios ofthese two preparations.

ES. 7 shows that the eflicacy of the 1:57 SNALPprepared
bygear pump was similar to the same SNALP prepared by
syringe press. The tolerability profile was improved with the
gear pump process, which could be attntnited to mercased
initial cneapsulation rate and decreased final 11D ratio.

I:xample &

Tn Vivo Silencing of ApoB Expression Using 1:57
SNALP Prepared Via a Direct Dilution or in-[ ine

Dilution Process

This studyillustrates a comparison ofthe tolerability and
ateacy of the 1:57 SNACLPformulation with ApoR-tarecting,
sIRNA as prepared by a direct dilution or in-line dilution
process at an input lipid to drug ratio of 6:1] or O21,

i:xpenmental Design
Animal Model: Female (341 .13/c mice, 7 wks ald.

siRNA payload: Apol3 10048 02/2 G1/2 siRNA,
CBC/DUE

 

LD Dosace

Croup=# Mice Test Article Eneap. siRNA Total Lipid
1 3 PRS

2 3 I S7 SNALP (ODS 7me ke Tle ke
3 3 LPS? SNALP GAT Hl img ke 112 me ke, 

ha ma

ua

A

Gu
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Clinical Chemistry:

IV Dosage

 

 

 

 

 

Croup of Mice ‘Test Anicle Encap. siRNA Total Lipid

4 4 PRS
5 4 IS? SNALP (Uh) Qing ky 92 me ke
t 4 IS? SNALP (Uh) Ihing ke 112 me ke
7 4 (G1) New1 57 SNALP Thing ke Feige ke
8 4 (6:1) New 1 AP SNATP 3ine ke 3 mis ky
y 4 (2:1) New 1 AT} 1. Sing ke 1a? me ke

lo 4 (G1) New1 57 SNALP V7 ing ke I71 my ke,
11 4 IS? SNALP (Uh) Ihing ke 112 me ke

Actwity:

TX) Dosage

Croup of Mice ‘Test Anicle Encap. siRNA Total Lipid

I2 4 PRS
3 4 PS? SNALP1) 4 mig ke USting ke
14 4 Pa? SNALP (1) 1 mig ke P.uF ne ke
Is 4 Is? SSALP GAT) 2 nie ke 2.04 ing, ke
16 4 (6:1) New 1 AP SNATP 4 mig ke UG me ke
1? 4 (G1) New1 57 SNALP 1 ie ke OFT mg, ke,
1k 4 (G1) New1 57 SNALP 2 ie ke 1.47 ng ke
he 4 (6:1) New 1 AP SNATP 4 mie ke 2#5 ing ke

Formulation:

Formulations are provided a 0.005 to 1.7 mg siRNAImI.,
0.22 wmfilter sterilized in crimp top vials.

Formulation Details:

1. “1137 SNALP” used in this studyis lipid compnsition
1.4:57.1:7.1:34.3 as described in molar percentages of
PHG-C-DMA, DLin MA. DPPC. and cholesterol (in
thatorder). This formulation was prepared by gear pump
alan input lipid to drug ratio of9:1 (28 mMlipids) or 6:1
(14 mM lpids).

2. siRNA used in this study is apol3-10048 (2/2 G1/2
siRNA.

Formulation Summary:

Ps? SSALP Particle Size Final 1:13

Gear PBS In-lane 4ave (nm) Poby 3a Encap qaigene) 

322-051407-1
323-U8 1407-3

any
tha bs

10,2
Fl

O3
g2

rs
a1Dnysut 1

Input 1 

Procedures

Treatment: Just prior to the first treatment. animals are
weighed and dose amounts are calculated based on the weight
of individual animals (equivalent to 10 mL /kp. rounded to the
nearest 10 ul). Test article is administered by TV injection
through the tail vein ance on Day0 (1 dase total per animal).
Bodyweighi is measured daily (every 24 bh) for the duration of
ihe study. Cuge-side observations arc taken daily in concert
with body weight measurements and additionally as war-
ranted.

iindpoint: Animals are sucnficed on Day 1. 24 h after test
article administration (Gps 1-10} or on Day2, 48 h altertest
article administration (Grps 11-19).

Groups 1-3: Blood is collected by cardiac puncture upon
sacrifice. Whole amount is collected into an 1YTA micro-

iaincr. mixed immediaicly to prevent coagulation. and sent
for analysis of CBC/Uallprofile. Perform brie! necropsy.

Groups 4-11: Blood is collected by cardiac puncture intoa
SSTmicrotainer for serum. Clot for 30 (to 60) min at racm

JA00289



JA00290

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 294 of 695 PageID #: 7085Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 294 of 695 PagelD #: 7085

US 9,364,435 B2

79

temp... centrifuge for 5 min at 16.000xg2 & 16° C.. invert to
confirmcentrifugation is complete. and store at 4° C. Analyze
complete small-animal clinical chemistry panel plus ASTand
SDUL ‘lop poority list:ALT AST. SDUL Bilirubin, Alkaline
Phosphatase. GGT. BUN. CPK. Glucose. Secondarypriority
list: Creatinine. Albumin. Globulin. Total Protein. Perform

bref necropsy.
Groups 12-19: Blood is collected bycardiac puncture and

processed for plasma: immediately centrifuge for 3 min at
16.0002 (at 16° C.). Record any observations of unusual
plasma appearance. Pipette offclear plasma supernatant inte
a clean microfuge tube and siere at -80° C. The following
tissues are removed: liver. The liver is not weighed: the bot-
tom (unattached) haif ofthe left liver lobe is detached and
submerged in 25 volumes of RNAlater (<0.3 2 in 1.5 ml.
RNAtater in 2.0 ml. tubel. stored at least 16 hours ai 4° C.
poor to analysis and long term storage at ~80° C. Formula-
lions ure expected to be well tolerated. Mice which exhibit
signs ofdistress associated withthe treatment are terminated
at the discretion ofthe vivariumstaff,

‘Termination: Mice are anaesthetized with a lethal dese of

ketamine/xylavine: then cardiie puncture is performed fol-
lowed by cervical dislocation.

Data Analysis: Tolerability of treatment revime is moni-
tored by animal appearance and behavior. and bady weight.
Blood clinical chemistry and CBC/Dall profile is meusured
by auiomiated analyzer. | iverApoB mRNA Is measured using
the QuantiGene Assay. Plasma Apol3-100is measured using,
ULISA. Plasma total cholesteral is measured using a standard
enzymatic assay.
Results

‘Tolerability:
PEG. 8 shows that there was very liule effect on body

weight 24 hours after 1:57 SNALP administration. The maxi-
mum weight loss of 3.620.7%was observed ai the highest
drug dose of 17 myg/kp. Uhere was alse no obvious change in
animal appearance/behavior ut anyofthe dosages tested.

PEG. 9 showsthat there were no obvious changes in platelet
count, Reduction of plawlets can cause the mean platelet
volume to increase as the body produces newplatelets in
compensation for the ireaiment-relaied decrease. Under the
conditions of this study. the mean platelet volume did not
change in SNALP-treated groups.

PEG. 10 shows that clinically significant liver enzyme
elevations GxU1N) occurred ai deny, dosages of 1 | op/ke for
U:57 SNALPata lipid:deug (0:0) ratio of1G. and at 13 mp/kp
ata L:Dof?_A slight dose response rend upwards in plasma
lotal protein and globulin was also observed,
(iifeacy:

(i. 11 shows that based on the livermRNA Quantitiene 5
analysis. the potency ofthe lower] sD SNALP was as good as
that ofthe higher 1:D SNALPat the tested drug dosages. In
fact. the ApoBsilencing activity was identical at the 0.05 and
O.1 my/ky dosages. As such. the potency ofthe U:57 SNAP
ata 6:l input ):D ratio (inal rave of 7:1) was similarto the 55
potency ofthe 1:57 SNALPata 9:1 input LDratio inal ratio
of 10:1) at reducing ApoB expression.

PIG. 12 shows that Apol} protein and total cholesteral
levels were reduced to a similar extent by the L:S7SNALP at
a6:) input 0.:D ratio (final ratio of 7:1) and the (57 SNALP
ata Oo input 0) ratio (final ratio of 10:1).
Therapeutic Index:

‘This study demonstrates that both the 1:57 SNALPataé:l
inpuid] ratio (final ratio of7: land the 1:57 SNAIL Pata:
input 1.13 ratio (inal ratio of 10:7) caused about 60%ApoB
liver mRNA silencing with a drug dose of 0.1 make. Inter-
polating fromthe available data points in FiGr. 10.a 1001 final

a

A

45

Gu
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L:Dratio at 1) me/ke may cause a similar degree of envyme
elevation as a 7:1 final 0:19 ratio at 13 mp/ke. Using these
neuvily and toxicitypoints. the therapeutic index for ithe 1:57
SNALP ai a JG:] final 121 rave ws (10 mp‘keii0.t mp/
kp) 1X) and the therapeutic index for the 1:57 SNALP ata
Fil final 1D ratio is (13 me/keVv(0.] ma/ke) 130. Using this
dataset. the therapeutic index for the 1:57 SNALPat a 7:1
final 1:19 ratio is 30%greater than the therapeutic mdex for
ihe 1:57 SNALP at a 10:7 final 1:19 ratio.

Example 9

in Vive Silencing of PLK-1 Uxpression Using 1:57
SNALP Increases Survival of Hep3l3 Tumor-Beariny,

Mice

SNALP containing polo-like kinase | (PLK-1) siRNA
(1:57 SNALP formulation: 1.4% PRG-cDMA: 57.1%
D1 iDMA: 7.1% DPPC: and 34.3% choalesteral) were tasted
for their effects on the survival of CD nu/nu mice bearing
Hep33 liver tumors. PILK-1] is a serme/thrconme kinuse con-
iaining two linctional domains: (1) a kinase domain: and (2)
a polo-box domain (see. e.g.. Barr et al.. Nat. Rev. Mol. Cell
Biol... 5:429-440 (2004)). The activity and cellular concentra-
tion Of PLK-1 are crucial for the precise regulation ofcell
division. PILK-] is overexpressed in many cuncer types
including hepatoma and colon cancer, and PIK-] expression
offen correlates with poor patient prognosis. Overexpression
of PLE-1 (wild-type or kinase inactive) results in multinucle-
ation (genetic instability). Ebyperactive PLIC-1] overrides the
DNA damage checkpoint. Constitutive PLK-1 expression
causes transformation of NITE 313 cells. PLK- 1 phosphory-
lates the p53 tumor suppressor, thereby intubiting the pro-
apoptotic cfleets ofp53. The PLK-1] siRNA used inthis study
are provided in Table 8. The modifications involved introduc-
tay 2'OMe-uridine of 2'OMe-guanosine at selected positions
in the sense und anusense strands of the PI.K-1 siRNA

sequence, in which the sigNA duplex contained less than
about 20% 2'OMe-modified nucleotides.

TABLE 8

SiRNA duplexes comprising sense and antisense
PLK-1 RHA polynuclectides. 

& Modi-
SEO fied
ID in Ds

siRHA PLK-1 siRNA Sequence NO: Region

PLE1424 5° -AGAUCACCCUCCUUAAAUANN- 3° 5 6/38 =
04 'cu 3' -HNUCUAGUGGGAGGAAUTIOAU- 5" 6 15.83%
PLK1424 S'-AGAUCACCCHUCCUUAAAUAHN- 3! 5 7/38 =
o4/G 3' -NNUCUAGUGGGAGGAAUUDAU- 5" F 13.4%
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ixperimental Groups
20: CD1 nwinu mice were seeded as follows:

82

 

 

4% Tunwer #0 BAAT.P SNAIL

Ciromp=Mice seedling SNAP Mice dosime IV dose Sacrifice Assay

A Seta LIL Lue 137 % Days 11. 14. x2) When Survival
B seal Lax li PLE 1424 YT 2I 28,28 ame ke omenbund Body Wershis

Hepa Lis? 32.35.39. 42

‘Test Arucles

All samples were filter-sterdlized prior to dilution to work-
ing concentration. All mbes were labeled with the formula-
lion date. lipid composition. and nucleic acid concentration.
SNALPsamples were provided at 0.2 me/ml] nucleic acid. A
minimumof20 ml of cach SNALP was required to perform
the study. Formulations for this study contamed:

 

 Greup Test Article Description

A Lue UL SSALP 1:57 (28 1M lipid)
Ti PLE 1424 4 GH SSALP E37 (28 0M lipid)

PLE 1404 4 7 SNALP OES? (28 11M lipidh

Procedures

 

 

 

ha ma

-continued

ldwy 14-35 Groups ALB - Daws 14.17. 21. 35, 38, 32, 94: All Animals
will be re-adiumistered SNALPat2 tie ke bey IV injection
via the Lateral tail ver. Mice will be dosed according ta
body weil (10 mil kek
Body weights Groups: Mice willbe weighed onthe day of
dosing for 3 weeks. then beice weekly until close of the
study,
Endpoint: Comer burden and Lornulaticns are expected to
be well tolerated. Mice thal exhibit sins of distress
assocnued with the Weainent or tuinor burden are
tonmimaded at the diseretion of the vivarium stall.
Mice are anesthetized with a lethal dose of ketamine
x¥lazine followed by cervical dishicalion,
Survival and body weights are assayed.

 

 

 
Ternuinalion:

 

  

Results
FIG,

therapeutic dosing of PLK 1424 SNALP in the Hep3Bintra-
13 shows the mean body weights of mice during

 

30 hepatic (1.01) tumor model. The treatment regimen was weil
tolerated with no apparent signs of ireaiment-relaied toxicity.

Fay U Mice will recerve -Analin by SC injection (1th ye im 20 pl FIG;, 4 shows that treatment with 1:57 SNALP-tormu-

saline) immediately prior to surgery. Individual mice are lated PLK 1424 caused a significant increase in the survival ofanesthetized by isoflourine gas inhalation and eye libe . at . : 4
a once pyc ventas fant : . Hep33 tumor-bearing, mice. ‘Uhis in vivo anti-tumor cllectapphed to prevent excessive eye diving. While mamtamed : :

under gas anesthesia front a nose cone. asingle 1.3 ent 3a Was observed in the absence of any apparent toxicity or
Incision across the midline will be made belowthe sternum. immune stimulation.

“The left Lateral hepatic lobe is then exteriorived 1 an . iautoclaved cotton wool bud. 25 nl of tamer cells suspended Iixample 10)
in PBSis injected into the lobe al a shallow angle using a

lewtip Tlamilton syringe (30 ih and 306013 8") needle. la Vivo Silencing of PLE-1 Expression Using 1:57

ne will be injected slows (So shanda arbapplied 1 au SNALP Induces Tumor Cell Apoptosis in [ep3B
The punvctun woninuniet lade ly alter necalle wil M Tawal. ‘Tumor-Beuring MiceAfter any bleeding hag stopped (1 mink. the incisionis
closed wath 3-6 sutures imthe muscle wall and 3-4 skin

clips. Cell suspensions will be thoroughly nuxed The objectives afthis study were as follows:
inunediately prior to each injection, Mice will recover fran i. ‘To determinethe level ofmRNA silencing inestablished
anesthesta in fc hined with paper towel and 45 (icp3B liver tumors followmyasingle TV adminisiration
monitoredclosely for 2-4 hours. Animals are then retired - of PL 1424 SNALP.o nnital howsin oP : : . . .

Day | Allmice will be lightly anesthet red by isaflourane vas anid 2. To confirm the mechanism of mRNA silencing by
the sutures examined, Animals will then recerve Analen by deiceting specific RNA cleavage products using RACI:-
SC injection (100 we in 20 al saline), PER.

Driv Tu Mice willbe randontived into the appropriate treal ment 3 To confirm induction of tumor cell apoptosis by histo-
eroups. 0 pathology,Fav I Crromps A, B-Day 1b ADD Animals will be adrinistered ae 7 . : “pt

” Os 2Se easter the U:57 SNALP formulation (1.4%PLG-cIDMA: 57.1%
SNALP at 2 mig ke by TV injection via the lateral tal vein. . b yore d 34.3% chol j , wdMice will be dosed according to body weight (10 nl kel. DLmDMA, 7.1%DPPC: and 34.3%cholesicrol) was use
Dosing will be repeated Lor 3 consecutive days based on for this study.
mutial weight. I:xperimental Groups

20 SC(ID/beigze mice were seeded as lollows:

4% Tunwer Ho SN ALP

Ciromp=Mice seeding, SAAT.P Mice dosing 1 Sacrifice Assay

A Suto LIL PRS 6 lxdmeke 24 hatter Tumor OG

B seed Px 10% Lue 1:57 7 Day 2e Weatiient Tumor RACH-PCR
Cc Hep3B PLK 1424 ? Histopathology

1:57
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Test Articles

All samples were filter-sterdlized prior to dilution to work-
ing conceniration. All tubes were labeled with ihe formula-
tion date, lipid composition. and nucleic acid concentrauion.
SNALPsamples were provided at 0.2 me/ml] nucleic acid. A
minimom of 2 mi of SNALP was required to perlorm the
study. Formulations for this study contained:

 Greup Test Article Beseription

A PES
B Due LS Ps? SN ALP

. PLR 1404 14 Gi137 SMALE

Procedures

 

Day 0 Mice will recemve Anaten by SC injection (100 re im 20 11
saline) inmicdiately price to surgery, Individual mice are
anesthetized by iscllourane gas inhalation and eve lube
applied to prevenexcessive eye drying, Wlule maniamed
under gas anesthesia [roma nose cone, asmele 13 em
Incision across the midline will be made belowthe sternum.
The left kiteral hepatic lobe is then exterionized using an
antoclaved cotton wool bud. 25 ab of umes cells suspended
in PRS is inected inte the lobe at a shallow angle aging a
leur tip Harulton syringe (50 ub amd 3008 13 8") needle,
Cells willbe mjceted slowly (~Mbs) and a swab applied to
the puncture wound miunediately afler needle withdrawal,
After any bleeding has stopped (~1 niu. the musele wall
Incision is closed with 3-6 sutures. The skin incisien is
then closed with 3-4 metal skin clips, Cell suspensions
will be thoroughly mixed mimediadelyprior to cach
nyeehion. Mice will recover from anesthesra ma clean cage
lined with paper towel and monitored closely for 2-4 hours.
Animals are then retorned to normal hewesing.
Allmice will be lightly anesthetized by isofourane #3 and
the sutures exaniined, Aniiials will then reere Anien by
SC injection (MG pe in 20 ab saline p
Mice will be randomized into the appropriate treatment
SrHps.
Crroups A-C: Mice will be weighed and then steed
cither PBS. Luc. or PLR 1424 SSALP by IV injection via
the lateral tal vem. S°AT.P will be dosed at 2 mig ke or
equivalent volunte (10 ml ket according to body weight,
Groups A-C: Allinice will be weighed and then
euthanized by let hal anesthesna.
Tumor bearing liver lobes from all mice in each group will

ed and collected mo RA-ALater lor RNCA analysis.
Tindlpomnt: Tuner burden and fonnplations are expected 10
be well tolerated, Mice Uhal exhibit signs of distress
associated with the treal ment or tinier burden are

 

  

Day |

Day 7

 Hav 30

Day 21

 

femiinatedal the diseretian ofthe vevariany stall.
Mice are anaesthetized with a lethal dose of ketamine
s¥lacine lolkrwed by cervical dislocation.
MRNA analysis ofliver tuinors by BDA (Ci) assay and
RACE-POCR,
‘Tumor cell apoptosis by lustopalholory.

Tennimatian:

 Data
Analysis:

Resulis

Body weights were monitored from Day 14 onwards to
assess tumor progression. On Day 20. 6 mice showing preut-
ast weight loss were randomized into each of the 3 groups and
treated. All six mice had substantial-larze |.f1. tumors at sac-
rifice (Day 21). Treatment of the remaining 14 mice was
therefore initiated on the Day 2) (suerifiee Day 22). 10/14
nice had substantial tamers: 2/14 mice had small/probable
tumors: and 2/14 mice had no visible tumor burden.

PEG. 15 shows data from Quantigene assays used to mea-
sure human (umor}-specific PILK-t mRNAlevels. A single 2
myke dose of 1:57 SNALP reduced PLK-] mRNAlevels by
about 50%in intrahepatic Hep3i3 tumors growing in mice.

PIG. 16 shows that a specific cleavage product of PLK-1
mRWNAwasdetectable in mice treated with PL_LK1424 SNALP

ha ma

A

wn

Gu

84

by STRACH-PCR. Nospecific PCR product was detectablein
mice treated with either PBS or contrel 0 uc) SNALP. Nucle-
otide sequencing ofthe PCR product confirmed the predicted
cleavage site by PILK 1424 siIRNA-mediated RNA interfer-
ence in the PLK-i mRNA.

PIG. 17 shows Hep3B tumorhistologyin mice treated with
either luc SNALP(top) or PLK 1424 SNALP (bottom), Luc
SNALP-ircated mice displayed normal mitoses in Hep33
iamors. whereas PI.K1424 SNALP-treated mice exhibited

fumerous aberrant mitoses and tumor call apoptosis in
Hep3B wmors.
Canclusion

This example illustrates that a single administration of
PLR 1424 1:57 SNALP to Hep3B tumor-bearing mice
induced significant in vive silencing of PLK-1 mRNA. This
reduction ia PLK-1 mRNA was conlirmed to be mediated by
RNAinterference using 5°’ RACT:-PCR analysis. Importantly,
PLEK-1 mRNA silencing by the 1:57 SNALP formulation
profoundlydisrupted tumorcell proliferation (mutosis). caus-
ig subsequent apoptosis oftumor cells. As demonstrated in
ihe previous example, this anti-tumor effect iranslated into
extended survival umes in the dumor-beuring mice.

ixample 11

Comparison of 1:57 PILK-) SNALP Containing
Hither PEG-clIMA or PIG-cDSA ina Subcutancous

Hep3B Tumor Model

This cxumple demonstrates the utility of the PIC-lpid
PI-cDSA (3-N-[(-Methoxypoly(ethylene glycol)2000}car-
bamoyl |- 1.2-disicaryloxypropylamine) in the 1:57 formula-
tion for systemically targeting disial (@.2.. subcutaneous)
tumors. In particular. this example compares the tumor lar-
peting ability of 1:57 PLK-1] SNAI Ps contaming enher PHG-
cDOMA (C\.) or PEG-cDSA (C,.). Readouis are tumor
growth inhibitien and PLK i mRNA silencing. The PLK-1
siRNA used was PL 1424 U4/GU. the sequence of whichis
provided in Table 8.

Subcutaneous (S.07.) Uep333 tumors were established in
scid/beige mice. Multidose anti-tumor elficucy of 1:57
PLE-1 SNALP was evaluated for the follwing groups (a 5
for each group): (2) “Le-c DMA"-PEG-cDMA Luc SNALP:
(2) “PLIK-cDMA’-PEG-cDMA PLK-1 SNALP: and (3)
“PLK-cDSA™-PISG-IDSA PILK-1 SNAI.P Administration of

6x2 my/kp siRNA was inated once tumors reached about 5
timin diameter (Day 10). Dositg was performed on Days 10.
12. 14.17. 19. and 21. Tomors were measured by caliper
twice weekly.

IG. 18 shows that multiple doses of 1:57 PLK-1 SNALP
containing P1G-cDSA induced the regression ofestablished
Hep3B S.C. wmors. In particular. 5/3 tumors in the PIL_K1-
cDSA treated mice appeared fat. measurable only by discal-
oration at ihe tumorsie.

(IG. 19 shows themRNAsilencing of 1:57 PIEK SNALPin
S.C. Hep3B tumors following a single intravenous SNALP
administration. The extent of silencing observed with the
PLR I-cDS.A SNALPcorrelated with the anti-tumoractivity
in the multi-dose study shown in FIG, 18.

The Luc-clDMA SNAIL B-treated group. which had devel-
oped large S.C. tumors at Day 24. were then administered
PLE-cDSASNALPon Days 24. 26, 28.31.33. and 35. There
was no addivienal dosing ofihe original PLK-] SNAJP-
ireated groups. The results from this crossover dosing study
with large established tumors 1s provided in FIG. 20, which
shows that PLK 1-cDSA SNALPinhibited the growthoflarge
S.C. Hep3B tumors.
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Acomparison ofthe effect ofPEG-cDMA and PEG-cDSA
1:57 SNALPs on PLK-1 mRNA silencing was performed
using established intrahepatic Hep3B tumors in scid/beige
mice. A single 2 mg/kg dose of 1:57 PLK-1 SNALPcontain-
ing either PEG-cDMAorPEG-cDSA was administeredintra-
venously. Liver/tumor samples were collected at 24 and 96
hours after SNALP treatment. Control=2 mg/kg Luc-cDMA
SNALPat 24 hours.

FIG. 21 shows that PLK-cDMA SNALP and PLK-cDSA

SNALPhad similar silencing activities after 24 hours, but that
the PLK-cDSA SNALP mayincrease the duration of mRNA
silencing in intrahepatic tumors.

FIG. 22 showsthe blood clearance profile of 1:57 PLK-1
SNALPcontaining either PEG-cDMA or PEG-cDSA. The
extended blood circulation times observed for the PLK-

cDSA SNALP may enable the increased accumulation and
activity at distal (e.g., subcutaneous) tumorsites.

Thus, this study shows that the 1:57 PEG-cDSA SNALP
formulation can be usedto preferentially target tumors out-
side ofthe liver, whereas the 1:57 PEG-cDMA SNALPcan be
used to preferentially target the liver.

Example 12

Synthesis of Cholesteryl-2'-Hydroxyethyl Ether

Step 1: A 250 ml round bottom flask containing cholesterol
(5.0 g, 12.9 mmol) andastir bar was sealed and flushed with
nitrogen. Toluenesulphony] chloride (5.0 g, 26.2 mmol) was
weighed into a separate 100-mL round bottom flask, also
sealed and flushed with nitrogen. Anhydrous pyridine (2x50
ml) was delivered to each flask. The toluenesulphony] chlo-
ride solution was then transferred, via cannula, into the 250
m1 flask, and the reaction stirred overnight. The pyridine was
removed by rotovap, and methanol (80 ml) added to the
residue. This wasthenstirred for 1 hour until a homogeneous
suspension was obtained. The suspension was filtered,
washed with acetonitrile (50 ml), and dried under vacuum to
yield cholesteryl tosylate asa fluffy white solid (6.0 g, 86%).

Step 2: Cholesteryl tosylate (2.0 g, 3.7 mmol), 1,4-dioxane
(50 mL), and ethylene glycol (4.6 g, 74 mmol) were added to
a 100 mlflask containing a stir bar. The flask wasfitted with
a condenser, and refluxed overnight. The dioxane was then
removed by rotovap, and the reaction mixture suspended in

SEQUENCE LISTING

 

10

15

20

25

30

35

40

86

water (100 ml). The solution was transferred to a separating
funnel and extracted with chloroform (3x100 ml). The
organic phases were combined, washed with water (2x150
ml), dried over magnesium sulphate, and the solvent
removed. The crude product was purified by column chroma-
tography (5% acetone/hexane) to yield the product as a white
solid (1.1 g, 69%).

Thestructures of the cholesterol derivatives cholesteryl-2'-
hydroxyethy] ether and cholesteryl-4'-hydroxybuty]ether are
as follows:

HO.
es,

Cholesteryl-2'-hydroxyethy] ether

HO.Oo

Cholesteryl-4'-hydroxybuty] ether

Itis to be understood that the above description is intended
to be illustrative and notrestrictive. Many embodiments will
be apparentto those of skill in the art upon reading the above
description. The scope of the invention should, therefore, be
determined not with reference to the above description, but
should instead be determined with reference to the appended
claims, along withthe full scope of equivalents to which such
claimsare entitled. The disclosuresofall articles and refer-

ences, including patent applications, patents, PCT publica-
tions, and Genbank Accession Nos., are incorporated herein
by reference for all purposes.

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic E5 kinesin-related protein 2263 U/U
siRNA sense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic E5 kinesin-related protein 2263 U/U siRNA sense strand
of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (2)...(19
<223> OTHER INFORMATION: n = um

<221> NAME/KEY: modified_base
<222> LOCATION: (20)...(21
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 1

JA00293



JA00294

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 298 of 695 PageID #: 7089Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24

cngaagaccn gaagacaann n

US 9,364,435 B2
87

-continued

21

<210> SEQ ID NO 2
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic E5 kinesin-related protein 2263 U/U
siRNA antisense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic E5 kinesin-related protein 2263 U/U siRNA antisense
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)...(16)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21
<223> OTHER INFORMATION: n = deoxythimidine (dT)

<400> SEQUENCE: 2

auugucunca ggncuncagn n 21

<210> SEQ ID NO 3
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 siRNA sense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (8)...(14)
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 3

agunucanca cacngaauac c 21

<210> SEQ ID NO 4
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic apolipoprotein B (ApoB) 10048 U2/2
G1/2 siRNA antisense strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (4)... (4)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (7)...(9)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (19)... (19)
<223> OTHER INFORMATION: n = um

<400> SEQUENCE: 4

uauncanunu gaugacacnu g 21

<210> SEQ ID NO 5
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic polo-like kinase 1 (PLK-1) PLK1424
u4/GU and PLK1424 U4/G siRNA sense strand of siRNA duplex

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1) PLK1424 U4/GU and PLK1424
u4/G siRNA sense strand of siRNA duplex

<221> NAME/KEY: modified_base

Page 298 of 695 PagelD #: 7089
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-continued

<222>
<223>
<221>
<222>
<223>

LOCATION: (4)...(18)
OTHER INFORMATION: n =
NAME/KEY: modified_base
LOCATION: (20)... (21)
OTHER INFORMATION: n =

um

deoxythimidine (aT),

<400> SEQUENCE: 5

agancacccen ccunaaanan n

 (PLK-1)

u or a ribonucleotide
complementary to target complementary sequence

21

PLK1424

PLK1424 U4/GU siRNA antisense

<210> SEQ ID NO 6
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic polo-like kinase 1
u4/GU siRNA antisense strand of siRNA duplex<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
synthetic polo-like kinase 1 (PLK-1)
strand of siRNA duplex

<221> NAME/KEY: modified_base
<222> LOCATION: (8)...(8)
<223> OTHER INFORMATION: n = gm
<221> NAME/KEY: modified_base
<222> LOCATION: (17)... (17)
<223> OTHER INFORMATION: n = um
<221> NAME/KEY: modified_base
<222> LOCATION: (20)... (21
<223> OTHER INFORMATION: n = deoxythimidine (dT),

complementary to target sequence

<400> SEQUENCE: 6

uauuuaanga gggugancun n

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7
LENGTH: 21
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

u4/G siRNA antisense strand of siRNA duplex<220> FEATURE:
<223>

synthetic polo-like kinase 1
strand of siRNA duplex
NAME/KEY: modified_base
LOCATION: (9)...(15)
OTHER INFORMATION: n = gm
NAME/KEY: modified_base
LOCATION: (20)... (21)
OTHER INFORMATION: n = deoxythimidine
complementary to target sequence

(PLK-1)

<221>
<222>
<223>
<221>
<222>
<223> (dT),

<400> SEQUENCE: 7

uauuuaagna gngunaucun n

Whatis claimed is:

1. A nucleic acid-lipid particle comprising:
(a) a nucleic acid;
(b) a cationic lipid comprising from 50 mol % to 85 mol %

of the total lipid present in the particle;
(c) a non-cationic lipid comprising from 13 mol % to 49.5

mol % of the total lipid present in the particle; and
(d) a conjugated lipid that inhibits aggregationofparticles

comprising from 0.5 mol % to 2 mol % ofthe total lipid
present in theparticle.

2. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid comprises an interfering RNA, mRNA,ananti-
sense oligonucleotide, a ribozyme, a plasmid, an immuno-
stimulatory oligonucleotide, or mixtures thereof.

synthetic polo-like kinase 1

55

60

65

(PLK-1)

u or a ribonucleotide

21

PLK1424

OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
PLK1424 U4/G siRNA antisense

u or a ribonucleotide

21

3. The nucleic acid-lipid particle of claim 2, wherein the
interfering RNA comprises a small interfering RNA (siRNA),
an asymmetrical interfering RNA (aiRNA), a microRNA
(miRNA), or mixtures thereof.

4. The nucleic acid-lipid particle of claim 1, wherein the
cationic lipid comprises from 50 mol % to 65 mol % ofthe
total lipid present in theparticle.

5. The nucleic acid-lipid particle of claim 1, wherein the
non-cationic lipid comprises a mixture of a phospholipid and
cholesterol or a derivative thereof.

6. The nucleic acid-lipid particle of claim 5, wherein the
phospholipid comprises dipalmitoylphosphatidylcholine
(DPPC), distearoylphosphatidylcholine (DSPC), or a mix-
ture thereof.
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7. The nucleic acid-lipid particle of claim 5, wherein the
phospholipid comprises from 3 mol % to 15 mol % ofthe total
lipid present in theparticle.

8. The nucleic acid-lipid particle of claim 5, wherein the
cholesterol or derivative thereof comprises from 30 mol % to
40 mol % ofthe total lipid present in theparticle.

9. The nucleic acid-lipid particle of claim 1, wherein the
conjugated lipid that inhibits aggregation of particles com-
prises a polyethyleneglycol (PEG)-lipid conjugate.

10. The nucleic acid-lipid particle of claim 9, wherein the
PEG-lipid conjugate comprises a PEG-diacylglycerol (PEG-
DAG)conjugate, a PEG-dialkyloxypropyl (PEG-DAA)con-
jugate, or a mixture thereof.

11. The nucleic acid-lipid particle ofclaim 10, wherein the
PEG-DAA conjugate comprises a PEG-dimyristyloxypropyl
(PEG-DMA) conjugate, a PEG-distearyloxypropyl (PEG-
DSA)conjugate, or a mixture thereof.

12. The nucleic acid-lipid particle of claim 1, wherein the
conjugated lipid that inhibits aggregation of particles com-
prises from 1 mol % to 2 mol % ofthe total lipid present in the
particle.

13. The nucleic acid-lipid particle of claim 1, wherein the
nucleic acid is fully encapsulated in the nucleic acid-lipid
particle.
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14. A pharmaceutical composition comprising a nucleic
acid-lipid particle of claim 1 and a pharmaceutically accept-
able carrier.

15. A methodfor introducing a nucleic acid intoacell, the
method comprising:

contacting the cell with a nucleic acid-lipid particle of
claim 1.

16. A methodforthe in vivo delivery of a nucleic acid, the
method comprising:

administering to a mammalian subject a nucleic acid-lipid
particle of claim 1.

17. A methodfor treating a disease or disorder in a mam-
malian subject in need thereof, the method comprising:

administering to the mammalian subject a therapeutically
effective amount ofa nucleic acid-lipid particle ofclaim
1.

18. The method of claim 17, wherein the disease or disor-
deris a viral infection.

19. The method of claim 17, wherein the disease or disor-
deris a liver disease or disorder.

20. The method of claim 17, wherein the disease or disor-
der is cancer.
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LIPID COMPOSITIONS FOR NUCLEIC ACID
DELIVERY

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/684,066, filed Nov. 21, 2012, which is a continuation

ofU.S. application Ser. No. 12/965,555, filed Dec. 10, 2010,
which is a divisional application of U.S. patent application
Ser. No. 10/611,274, filed Jun. 30, 2003, which application
claims priority to U.S. Provisional Application Ser. No.
60/392,887,filed Jun. 28, 2002, the disclosures of which are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

Many systems for administering active substances into
cells are already known, such as liposomes, nanoparticles,
polymer particles, immuno- and ligand-complexes and
cyclodextrins (see, Drug Transport in antimicrobial and
anticancer chemotherapy. G. Papadakou Fd., CRCPress,
1995). Liposomesare typically prepared in the laboratory by
sonication, detergent dialysis, ethanol injection or dilution,
French press extrusion, ether infusion, and reverse phase
evaporation. Liposomes with multiple bilayers are known as
multilamellar lipid vesicles (MLVs). MLVs are candidates
for time release drugs because the fluids entrapped between
layers are only released as each membrane degrades. Lipo-
somes with a single bilayer are known as unilamellar lipid
vesicles (UV). UVs may be made small (SUVs) or large
(LUVs).

Some of the methods above for liposome production
impose harsh or extreme conditions which can result in the
denaturation ofthe phospholipid raw material and encapsu-
lated drugs. In addition, these methods are not readily
scalable for mass production of large volumesof liposomes.
Further, lipid vesicle formation by conventional ethanol
dilution, involves the injection or dropwise addition of lipid
in an aqueous buffer. The resulting vesicles are typically
heterogenous in size and contain a mixture of unilamellar
and multilamellar vesicles.

Conventional liposomesare formulated to carry therapeu-
tic agents either contained within the aqueousinterior space
(water-soluble drugs) or partitioned into the lipid bilayer(s)
(water-insoluble drugs). Active agents which have short
half-lives in the bloodstreamare particularly suited to deliv-
ery via liposomes. Many anti-neoplastic agents, for
example, are known to have a short half-life in the blood-
stream such that their parenteral use is not feasible. How-
ever, the use of liposomesfor site-specific delivery of active
agents via the bloodstream is severely limited by the rapid
clearance of liposomes from the blood by cells of the
reticuloendothelial system (RES).

U.S. Pat. No. 5,478,860, which issued to Wheeleretal.,
on Dec. 26, 1995, and which is incorporated herein by
reference, discloses microemulsion compositions for the
delivery of hydrophobic compounds. Such compositions
have a variety of uses. In one embodiment, the hydrophobic
compounds are therapeutic agents including drugs. The
patent also discloses methods for in vitro and in vivo
delivery of hydrophobic compoundsto cells.

PCT Publication WO01/05373 to Knopov,et al., which is
incorporated by reference herein, discloses techniques for
preparing lipid vesicles using an ethanol injection-type
process with a static mixer that provides a turbulent envi-
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ronment (e.g., Reynolds numbers>2000). Therapeutic
agents may then be loaded after vesicle formation

Despite the apparent advances of U.S. Pat. No. 5,478,860
and WO05373, there exists a need for processes and appa-
ratus for formulating and producing lipid vesicles, and in
particular lipid vesicles encapsulating a therapeutic agent
such as nucleic acid. The present invention fulfills these and
other needs.

BRIEF SUMMARYOF THE INVENTION

The present invention provides processes and apparatus
for making lipid vesicles that optionally contain a therapeu-
tic agent. The therapeutic agent can include, for example, a
protein, a nucleic acid, an antisense nucleic acid, a drug, or
the like. The present invention can be used to form lipid
vesicles that contain encapsulated plasmid DNA or small
molecule drugs.In one aspect, the lipid vesicles are prepared
rapidly at low pressure and the approachis fully scalable. In
certain preferred embodiments, the process does not involve
a static mixer or specialized extrusion equipment.

As such, in one embodiment, the present invention pro-
vides a process for producing a liposome. The process
typically includes providing an aqueous solution in a first
reservoir, the first reservoir in fluid communication with an
organiclipid solution in a second reservoir, and mixing the
aqueoussolution with the organic lipid solution, wherein the
organic lipid solution undergoes a continuous stepwise dilu-
tion to produce a liposome.

In certain aspects, the aqueous solution such as a buffer,
comprises a therapeutic product, such that the therapeutic
product is encapsulated in the liposome.Suitable therapeutic
products include, but are not limited to, a protein, a nucleic
acid, an antisense nucleic acid, a ribozyme, tRNA, snRNA,
siRNA (small interfering RNA), pre-condensed DNA, and
an antigen. In certain preferred aspects, the therapeutic
product is nucleic acid.

In another embodiment, the present invention provides a
process for producing a liposome encapsulating a therapeu-
tic product. The process typically includes providing an
aqueous solution in a first reservoir, and providing an
organic lipid solution in a second reservoir, wherein one of
the aqueous solution and the organic lipid solution includes
a therapeutic product. The process also typically includes
mixing the aqueous solution with the organic lipid solution,
wherein the organic lipid solution mixes with the aqueous
solution so as to substantially instantaneously produce a
liposome encapsulating the therapeutic product. In certain
aspects, the therapeutic productis a nucleic acid included in
the aqueous solution. In certain aspects, the therapeutic
product is lipophilic and is included in the organic lipid
solution. In certain aspects, the initial therapeutic product
encapsulation efficiency is as high as about 90%.

In still yet another embodiment, the present invention
provides apparatus for producing a liposome encapsulating
a therapeutic product. The apparatus typically includesa first
reservoir for holding an aqueous solution, and a second
reservoir for holding an organic lipid solution, wherein one
of the aqueous solution and the organic lipid solution
includes a therapeutic product. the apparatus also typically
includes a pump mechanism configured to pump the aque-
ous andthe organic lipid solutions into a mixing region at
substantially equal flow rates. In operation, the organic lipid
solution mixes with the aqueous solution in the mixing
region to substantially instantaneously form a therapeutic
product encapsulated liposome.
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These and other aspects will be more apparent when read
with the accompanying drawings and detailed descriptions
that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a flow diagram for a manufacturing
process according to one embodiment of the present inven-
tion.

FIG. 2 provides a schematic of a process of making
liposomes in one embodimentofthe present invention.

FIG. 3 provides a schematic of an apparatus according to
one embodiment of the present invention.

FIG. 4 provides a schematic of an apparatus having an
ultrafiltration system according to one embodiment of the
present invention.

FIG. 5 shows the effect of varying the ethanol concen-
tration of the initial lipid solution on SPLP mean diameter
and DNA encapsulation. DNA encapsulation efficiency and
vesicle sizes determined after the dilution step.

FIG. 6 shows the effect of varying pH of the initial
plasmid solution on SPLP mean diameter and DNA encap-
sulation. DNA encapsulation efficiency and vesicle sizes
were determined after the dilution step.

FIG. 7 showsthe effect of varying pH of the buffer used
for the dilution step on pDNA encapsulation efficiency.

FIG. 8 showsthe effect of varying the salt concentration
of the buffer used for the dilution step on pDNAencapsu-
lation efficiency.

FIG. 9A-B shows a schematic process of making lipo-
somes of the present invention.

FIG. 10 shows encapsulation of safranine in certain
liposomes of the present invention.

FIG. 11 showsa schematic process of making liposomes
of the present invention.

FIG. 12 illustrates a comparison between one embodi-
mentof the present invention and an ethanol drop method
for encapsulating pDNA.

FIG. 13 shows a T-connector and associated flow dynam-
ics according to one embodiment.

FIG. 14 shows various parameters associated with flow in
the T-connector of FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED

EMBODIMENTS

I. Definitions

The term “nucleic acid”refers to a polymer containing at
least two nucleotides. “Nucleotides” contain a sugar deoxy-
ribose (DNA) or ribose (RNA), a base, and a phosphate
group. Nucleotides are linked together through the phos-
phate groups. “Bases” include purines and pyrimidines,
which further include natural compounds adenine, thymine,
guanine, cytosine, uracil, inosine, and natural analogs, and
synthetic derivatives of purines and pyrimidines, which
include, but are not limited to, modifications which place
new reactive groups such as, but not limited to, amines,
alcohols, thiols, carboxylates, and alkylhalides.

DNAmaybein the form ofantisense, plasmid DNA,parts
of a plasmid DNA, pre-condensed DNA, product of a
polymerase chain reaction (PCR), vectors (P1, PAC, BAC,
YAC,artificial chromosomes), expression cassettes, chime-
ric sequences, chromosomal DNA,or derivatives of these
groups. RNA may be in the formof oligonucleotide RNA,
tRNA(transfer RNA), snRNA (small nuclear RNA), rRNA
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(ribosomal RNA), mRNA (messenger RNA), antisense
RNA, siRNA(small interfering RNA), ribozymes, chimeric
sequences, or derivatives of these groups.

“Antisense” is a polynucleotide that interferes with the
function of DNA and/or RNA. This may result in suppres-
sion of expression. Natural nucleic acids have a phosphate
backbone, artificial nucleic acids may contain other types of
backbones and bases. These include PNAs(peptide nucleic
acids), phosphothionates, and other variants of the phos-
phate backbone of native nucleic acids. In addition, DNA
and RNA maybe single, double, triple, or quadruple
stranded.

The term “gene” refers to a nucleic acid (e.g., DNA)
sequence that comprises coding sequences necessaryfor the
production of a polypeptide or precursor (e.g., herpes sim-
plex virus). The polypeptide can be encodedbya full length
coding sequenceor by any portion of the coding sequence so
long as the desired activity or functional properties (e.g.,
enzymatic activity, ligand binding, signal transduction, and
the like) of the full-length or fragmentare retained.

As used herein, the term “aqucous solution” refers to a
composition comprising in whole, or in part, water.

As used herein, the term “organic lipid solution”refers to
a composition comprising in whole, or in part, an organic
solvent having a lipid.

The term “‘lipid” refers to a group of organic compounds
that are esters of fatty acids and are characterized by being
insoluble in water but soluble in many organic solvents.
Theyare usually dividedin at least three classes: (1) “simple
lipids” which include fats and oils as well as waxes; (2)
“compoundlipids” which include phospholipids and glyco-
lipids; (3) “derived lipids” such as steroids.

The term “amphipathic lipid” refers, in part, to any
suitable material wherein the hydrophobic portion of the
lipid material orients into a hydrophobic phase, while a
hydrophilic portion orients toward the aqueous phase.
Amphipathic lipids are usually the major component of a
lipid vesicle. Hydrophilic characteristics derive from the
presence ofpolar or charged groups such as carbohydrates,
phosphato, carboxylic, sulfato, amino, sulfhydryl, nitro,
hydroxy and other like groups. Hydrophobicity can be
conferred by the inclusion ofapolar groups that include, but
are not limited to, long chain saturated and unsaturated
aliphatic hydrocarbon groups and such groups substituted by
one or more aromatic, cycloaliphatic or heterocyclic
group(s). Examples of amphipathic compoundsinclude, but
are not limited to, phospholipids, aminolipids and sphingo-
lipids. Representative examples of phospholipids include,
but are not limited to, phosphatidylcholine, phosphatidyle-
thanolamine, phosphatidylserine, phosphatidylinositol,
phosphatidic acid, palmitoyloleoyl phosphatidylcholine,
lysophosphatidylcholine,  lysophosphatidylethanolamine,
dipalmitoylphosphatidylcholine, dioleoylphosphatidylcho-
line, distearoylphosphatidylcholine or dilinoleoylphosphati-
dylcholine. Other compounds lacking in phosphorus, such
as sphingolipid, glycosphingolipid families, diacylglycerols
and B-acyloxyacids, are also within the group designated as
amphipathic lipids. Additionally, the amphipathic lipid
described above can be mixed with other lipids including
triglycerides andsterols.

The term “anionic lipid” refers to any lipid that is nega-
tively charged at physiological pH. These lipids include, but
are not limited to, phosphatidylglycerol, cardiolipin, diacyl-
phosphatidylserine, diacylphosphatidic acid, N-dodecanoyl
phosphatidylethanolamines, N-succinyl phosphatidyletha-

JA00318
GENV-00000318



JA00319

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 324 of 695 PageID #: 7115Case 1:22-cv-00252-MSG Document 181-1 Filed 01/03/24 Page 324 of 695 PagelD #: 7115

US 9,504,651 B2
5

nolamines, N-glutarylphosphatidylethanolamines,  lysyl-
phosphatidylglycerols, and other anionic modifying groups
joined to neutral lipids.

The term “cationic lipid”refers to any of a numberoflipid
species which carry a net positive charge at a selective pH,
such as physiological pH. Such lipids include, but are not
limited to, N,N-dioleyl-N,N-dimethylammonium chloride
(“DODAC”); N-(2,3-dioleyloxy)propyl)-N,N,N-trimethy]-
ammonium chloride (““DOTMA”); N,N-distearyl-N,N-dim-
ethylammonium bromide (“DDAB”); N-(2,3-dioleoyloxy)
propyl)-N,N,N-trimethylammonium chloride (‘DOTAP”);
3-(N—(N'",N'-dimethylaminoethane)-carbamoyl])cholesterol
(“DC-Cho!”) and N-(1,2-dimyristyloxyprop-3-yl)-N,N-dim-
ethyl-N-hydroxyethyl ammonium bromide (“DMRIE”).
Additionally, a number of commercial preparations of cat-
ionic lipids are available which can be used in the present
invention. These include, for example, LIPOFECTIN®
(commercially available cationic liposomes comprising
DOTMA©and _1,2-dioleoyl-sn-3-phosphoethanolamine
(“DOPE”), from GIBCO/BRL, Grand Island, N.Y., USA);
LIPOFECTAMINE®(commercially available cationic lipo-
somes comprising N-(1-(2,3-dioleyloxy)propyl)-N-(2-(sper-
minecarboxamido)ethyl)-N,N-dimethylammonium  trifluo-
roacetate (““DOSPA”) and (“DOPE”), from GIBCO/BRL);
and TRANSFECTAM®(commercially available cationic
lipids comprising dioctadecylamidoglycyl carboxyspermine
(“DOGS”) in ethanol from Promega Corp., Madison, Wis.,
USA). The following lipids are cationic and have a positive
charge at below physiological pH: DODAP, DODMA,
DMDMaAandthe like.

“Lipid vesicle”refers to any lipid composition that can be 3
used to deliver a compound including, but not limited to,
liposomes, wherein an aqueous volume is encapsulated by
an amphipathic lipid bilayer; or wherein the lipids coat an
interior comprising a large molecular component, suchas a
plasmid, with a reduced aqueous interior; or lipid aggregates
or micelles, wherein the encapsulated component is con-
tained within a relatively disordered lipid mixture.

As used herein,“lipid encapsulated” can refer to a lipid
formulation which provides a compound with full encapsu-
lation, partial encapsulation, or both.

Asusedherein, the term “SPLP”refers to a stable plasmid
lipid particle.A SPLP represents a vesicle of lipids coating
an interior comprising a nucleic acid such as a plasmid with
a reduced aqueousinterior.

II. General

The present invention provides processes and apparatus
for making lipid vesicles. The processes can be used to make
lipid vesicles possessing a wide range of lipid components
including, but not limited to, cationic lipids, anionic lipids,
neutral lipids, polyethylene glycol (PEG) lipids, hydrophilic
polymerlipids, fusogenic lipids and sterols. Hydrophobic
actives can be incorporated into the organic solvent (e.g.,
ethanol) with the lipid, and nucleic acid and hydrophilic 5
actives can be added to an aqueous component. In certain
aspects, the processes of the present invention can be used
in preparing microemulsions where a lipid monolayer sur-
rounds an oil-based core. In certain preterred aspects, the
processes and apparatus are used in preparing lipid vesicles,
or liposomes, wherein a therapeutic agent is encapsulated
within a liposome coincident with liposome formation.

III. Processes of Making

VIG. 1 is an example of a representative flow chart 100 of
a method of the present invention. This flow chart is merely

No 2

&

40

45

65

6

an illustration and should not limit the scope of the claims
herein. One of ordinary skill in the art will recognize other
variations, modifications, and alternatives.

In one aspect, the present method providesa lipid solution
110 such as a clinical grade lipid synthesized under Good
Manufacturing Practice (GMP), which is thereafter solubi-
lized in an organic solution 120 (e.g., ethanol). Similarly, a
therapeutic product, e.g., a therapeutic active agent such as
nucleic acid 112 or other agent, is prepared under GMP.
Thereafter, a therapeutic agent solution (e.g., plasmid DNA)
115 containing a buffer (e.g., citrate) is mixed with a lipid
solution 120 solubilized in a lower alkanol to form a

liposomal formulation 130. In preferred aspects of the
present invention, the therapeutic agent is “passively
entrapped” in the liposome substantially coincident with
formation of the liposome. However, those of skill in the art
will realize that the processes and apparatus of the present
invention are equally applicable to active entrapment or
loading of the liposomesafter formation ofthe vesicle.

According to the processes and apparatus of the present
invention, the action of continuously introducing lipid and
buffer solutions into a mixing environment, such as in a
mixing chamber, causes a continuous dilution of the lipid
solution with the buffer solution, thereby producing a lipo-
some substantially instantaneously upon mixing. As used
herein, the phrase “continuously diluting a lipid solution
with a buffer solution” (and variations) generally meansthat
the lipid solution is diluted sufficiently rapidly in an hydra-
tion process with sufficient force to effectuate vesicle gen-
eration. By mixing the aqueous solution with the organic
lipid solution, the organic lipid solution undergoes a con-
tinuous stepwise dilution in the presence of the buffer
(aqueous) solution to produce a liposome.

In the processesofthe present invention, the organiclipid
solution preferably includes an organic solvent, such as a
loweralkanol. In one aspect, the liposomes are then diluted
140 with a buffer (e.g., citrate) to increase nucleic acid (e.g.,
plasmid) entrapment. Before sample concentration 160, free
therapeutic agent (e.g., nucleic acid) is removed by using,
for example, an anion exchange cartridge 150. Further, by
using an ultrafiltration step 170 to remove the alkanol, the
sample is concentrated (e.g., to about 0.9 mg/mL plasmid
DNA), the alkanol is removed, and the buffer is replaced
with a substitute buffer (e.g., with a saline buffer) 180.
Thereafter, the sample is filtered 190 andfilled in vials 195.
The process will now be discussed in more detail herein
below using the steps as set forth in FIG. 1.

1. Lipid Solubilization and Therapeutic Agent Dissolution
In one embodiment, the liposomevesicles of the present

processes are stable plasmid lipid particle (i.e., SPLP) for-
mulations. Those ofskill in the art will appreciate that the
following description is for illustration purposes only. The
processes of the present invention are applicable to a wide
range of lipid vesicle types and sizes. These lipid vesicles
include, but are not limited to, single bilayer lipid vesicles
known as unilamellar lipid vesicles which can be made
small (SUVs)or large (LUVs), as well as multilamellar lipid
vesicles (MLVs). Further vesicles include, micelles, lipid-
nucleic acid particles, virosomes, and the like. Those ofskill
in the art will know of other lipid vesicles for which the
processes and apparatus of the present invention will be
suitable.

Thepreferred size tor liposomes made in accordance with
the present processes and apparatus are between about
50-550 nm in diameter. In certain preterred aspects, the
liposomepreparation has a size distribution in which the
mean size (e.g., diameter) is about 70 nm to about 300 nm,
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and more preferably the mean size is less than about 200 nm,
such as about 150 nm orless (e.g., about 100 ni).

Jn certain aspects, the liposome formulation (e.g., SPLP
formulation) of the present invention includes four lipid
components: a phospholipid; cholesterol; a PEG-lipid; and a
cationic lipid. In one preferred aspect, the phospholipid is
DSPC, the PEG-lipid is PEG-DSG andthe cationic lipid is
DODMA.In one preferred aspect, the molar composition is
about 20:45:10:25 DSPC:Chol:PEG-DSG:DODMA.In cer-

tain embodiments, the organic solvent concentration
wherein the lipids are solubilized is about 45%v/v to about
90% v/v. In certain preferred aspects, the organic solventis
a lower alkanol. Suitable lower alkanols include, but are not
limited to, methanol, ethanol, propanol, butanol, pentanol,
their isomers and combinations thereof. In one embodiment,
the solvent is preferably ethanol with a volume of about
50-90% v/v. Preferably, the lipids occupy a volumeofabout
1 mL/g to about 5 mL/g.

The lipids are solubilized 120 using for example, an
overheadstirrer at a suitable temperature. In one aspect, the
total lipid concentration ofthe solution is about 15.1 mg/mL
(20 mM). In certain preferred aspects, the therapeutic agent
(e.g., nucleic acid) is included in an aqueoussolution (e.g.,
buffer) and is diluted to a final concentration. In one pre-
ferred aspect, for example, the final concentration is about
0.9 mg/mLin citrate buffer, with a pH of about 4.0. In this
instance, the volume of the plasmid solution is the same as
the alkanol-lipid solution. In one embodiment, the prepara-
tion of the therapeutic agent (e.g., nucleic acid) solution is
performed in a jacketed stainless steel vessel with an over-
head mixer. The sample does not need to be heated to be
prepared, although in certain instances it is at the same
temperature as the lipid solution prior to lipid vesicle
formation.

In one embodiment, the therapeutic agent is included in
the lipid solution. In certain preferred aspects, the therapeu-
tic agent in the lipid solution is lipophilic. Suitable lipophilic
agents include taxol, taxol derivatives, including, for
example, protax II] and paclitaxol, lipophilic benzoporphy-
rins, verteporfin the lipid prodrug of foscarnet, 1-O-octade-
cyl-sn-glycerol-3-phosphonoformate (ODG-PFA), dioleoy]l
[3H]iododeoxyuridine ((3H]IDU-O12), lipid derivatized
HIVprotease inhibitory peptides such as iBOC-[L-Phe]-[D-
beta-Nal]-Pip-[alpha-(OH)-Leu]-Val (7194) and other lipid
derivatized drugs or prodrugs.

2. Liposome Formation
After the solutions, e.g., lipid solution 120 and aqueous

therapeutic agent(e.g., nucleic acid) solution 115, have been
prepared, they are mixed together 130 using, for example, a
peristaltic pump mixer. In one aspect, the solutions are
pumped at substantially equal flow rates into a mixing
environment. In certain aspects, the mixing environment
includes a “T’’-connector or mixing chamber. In this
instance, it is preferred that the fiuid lines, and hence fluid
flows, meet in a narrow aperture within the “T”-connector as
opposing flows at approximately 180° relative to eachother.
Otherrelative introduction angles may be used, such as for
example between 27° and 90° and between 90° and 180°.
Upon meeting and mixing ofthe solution flowsin the mixing
environment, lipid vesicles are substantially instantaneously
formed. Lipid vesicles are formed whenan organic solution
including dissolved lipid and an aqueous solution (e.g.,
buffer) are simultaneously and continuously mixed. Advan-
tageously, and surprisingly, by mixing the aqueous solution
with the organic lipid solution, the organic lipid solution
undergoes a continuous stepwise dilution to substantially
instantaneously produce a liposome. The pump mechanism
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can be configured to provide equivalent or different flow
rates of the lipid and aqueous solutions into the mixing
environment which creates lipid vesicles in a high alkanol
environment.

Advantageously, and surprisingly, the processes and
apparatus for mixing of the lipid solution and the aqueous
solution as taught herein provides for encapsulation of
therapeutic agent in the formed liposomesubstantially coin-
cident with liposome formation with an encapsulation effi-
ciency of up to about 90%. Further processing steps as
discussed herein can be used to further refine the encapsu-
lation efficiency and concentration if desired.

In one preferred aspect, using the processes and apparatus
of the present invention,it is possible to form lipid vesicles
instantaneously in a continuous two-step processthat is fully
scaleable. In one aspect, lipid vesicles are formed having a
mean diameter of less than about 200 nm, which do not

require further size reduction by high-energy processes such
as membrane extrusion, sonication or microfluidization.

In one embodiment, lipid vesicles form when lipids
dissolved in an organic solvent (¢.g., cthanol) are diluted in
a stepwise manner by mixing with an aqueoussolution(e.g.,
buffer). This controlled stepwise dilution is achieved by
mixing the aqueousandlipid streams togetherin an aperture,
such as a T-connector. The resultant lipid, solvent and solute
concentrations can be kept constant throughout the vesicle
formation process.

One embodiment of the inventive process is shown in
FIG. 2. In one aspect, using the processes of the present
invention, a vesicle is prepared by a two-stage step-wise
dilution without gradients. For example, in thefirst stepwise
dilution, vesicles are formedina high alkanol (e.g., ethanol)
environment (e.g., about 30%to about 50% v/v ethanol).
These vesicles can then be stabilized by lowering the alkanol
(e.g., ethanol) concentration to less than or equal to about
25% viv, such as about 17% v/v to about 25% v/v, in a
stepwise manner. In preferred aspects, with therapeutic
agent present in the aqueoussolution,or in thelipid solution,
the therapeutic agent is encapsulated coincident with lipo-
some formation.

As shown in FIG. 2, in one embodiment, lipids are
initially dissolved in an alkanol environment of about 40%
viv to about 90%v/v, more preferably about 65% v/v to
about 90%v/v, and most preferably about 80%v/v to about
90% v/v (A). Next, the lipid solutionis diluted stepwise by
mixing with an aqueoussolution resulting in the formation
of vesicles at an alkanol (e.g., ethanol) concentration of
between about 37.5-50% (B). By mixing the aqueous solu-
tion with the organic lipid solution, the organic lipid solution
undergoes a continuous stepwise dilution to produce a
liposome. Further, lipid vesicles such as SPLPs (a lipid-
particle) can be further stabilized by an additional stepwise
dilution of the vesicles to an alkano! concentration of less

than or equal to about 25%, preferably between about
19-25%(C).

In certain aspects, for both stepwise dilutions (A—B and
BC), the resulting ethanol, lipid and solute concentrations
are kept at constant levels in the receiving vessel. At these
higher ethanol concentrations following the initial mixing
step, the rearrangement of lipid monomers into bilayers
proceeds in a more orderly fashion compared to vesicles that
are formed by dilution at lower ethanol concentrations.
Without being bound byanyparticular theory, it is believed
that these higher ethanol] concentrations promote the asso-
ciation of nucleic acid with cationic lipids in the bilayers. In
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one preferred aspect, nucleic acid encapsulation occurs
within a range of alkanol (e.g., ethanol) concentrations
above 22%.

In certain aspects, after the lipid vesicles are formed, they
are collected in another vessel, for example, a stainless steel
vessel. In one aspect, the lipid vesicles are formed at a rate
of about 60 to about 80 mL/min. In one aspect, after the
mixing step 130, the lipid concentration is about 1-10
mg/mL and the therapeutic agent (e.g., plasmid DNA)
concentration is about 0.1-3 mg/mL. In certain preferred
aspects, the lipid concentration is about 7.0 mg/mland the
therapeutic agent (e.g., plasmid DNA) concentration is
about 0.4 mg/mL to give a DNA:lipid ratio of about 0.06
mg/mg. The buffer concentration is about 1-3 mM and the
alkanol concentration is about 45% v/vto about 90% v/v. Tn

preferred aspects, the buffer concentration is about 3 mM
and the alkanol concentration is about 45%v/v to about 60%
viv.

3. Liposome Dilution
Tuming back to FIG. 1, after the mixing step 130, the

degree oftherapeutic agent(e.g., nucleic acid) encapsulation
can be enhancedifthe lipid vesicle suspension is optionally
diluted 140 prior to removal of free plasmid. For example,
prior to dilution step 140, if the therapeutic agent entrapment
is at about 30-40%, it can be increased to about 70-80%
following incubation after the dilution step 140. In step 140,
the liposome formulation is diluted to about 10% to about
40%, preferably about 20% alkanol, by mixing with an
aqueous solution such as a butler (e.g., 1:1 with citrate
buffer, 100 mM NaCl, pH 4.0). Such further dilution is
preferably accomplished with a buffer. In certain aspects,
such further diluting the liposome solution is a continuous
stepwise dilution. The diluted sample is then optionally
allowed to incubate at room temperature.

4. Removal of Free Therapeutic Agent
After the optional dilution step 140, about 70-80% or

more of the therapeutic agent (e.g. nucleic acid) is
entrapped within the lipid vesicle (e.g., SPLP) and the free
therapeutic agent can be removed fromthe formulation 156.
In certain aspects, anion exchange chromatographyis used.
Advantageously, the use of an anion exchangeresin results
in a high dynamic nucleic acid removal capacity, is capable
ofsingle use, may be pre-sterilized and validated, and is
fully scaleable. In addition, the method preferably results in
removal of free therapeutic agent (e.g., nucleic acid such as
approximately 25% oftotal plasmid). ‘The volume of sample
after chromatography is unchanged, and the therapeutic
agent (e.g., nucleic acid) and lipid concentrations are about
0.64 and 14.4 mg/mL,respectively. At this point, the sample
can be assayed for encapsulated therapeutic agent and
adjusted to about 0.55 mg/mL.

5. Sample Concentration
In certain instances, the liposome solution is optionally

concentrated about 2-6 fold, preferably about 4 fold, using
for example, ultrafiltration 160 (e.g., tangential flow dialy- 5
sis). In one embodiment, the sample is transferred to a feed
reservoir of an ultrafiltration system and the buffer is
removed. The buffer can be removed using various pro-
cesses, such as by ultrafiltration. In one aspect, buffer is
removed using cartridges packed with polysulfone hollow
fibers, for example, having internal diameters of about 0.5
mm and a 30,000 nominal molecular weight cut-off
(NMWC). The liposomes are retained within the hollow
fibers and recirculated while the solvent and small molecules

are removed from the formulation by passing through the
pores of the hollow fibers. In this procedure, the filtrate is
known as the permeate solution. On completion of the
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concentration step, the therapeutic agent (e.g., nucleic acid)
and lipid concentrations increase to about 0.90 and 15.14
mg/mL, respectively. In one embodiment, the alkanol con-
centration remains unchanged, but the alkanol:lipid ratio
decreases about four fold.

6. Alkanol Removal

In one embodiment, the concentrated formulation is then
diafiltrated against about 5-15 volumes, preferably about 10
volumes, of aqueous solution (e.g., buffer) (e.g., citrate
buffer pH 4.0 (25 mMcitrate, 100 mM NaCl) to remove the
alkanol 170. The alkanol concentration at the completion of
step 170 is less than about 1%. Preferably, lipid and thera-
peutic agent (e.g. nucleic acid) concentrations remain
unchanged and the level of therapeutic agent entrapment
also remains constant.

7. Buffer Replacement
After the alkanol has been removed, the aqueous solution

(e.g., buffer) is then replaced by dialfiltration against another
buller 180 (¢.g., against 10 volumes ofsaline 150 mM NaCl
with 10 mM Ilepes pII 7.4). Preferably, the ratio of con-
centrations oflipid to therapeutic agent (c.g., nucleic acid)
remain unchanged andthe level of nucleic acid entrapment
is about constant. In certain instances, sample yield can be
improved byrinsing the cartridge with buffer at about 10%
volumeof the concentrated sample. In certain aspects, this
rinse is then added to the concentrated sample.

8. Sterile Filtration

In certain preferred embodiments,sterile filtration 190 of
the sainple at lipid concentrations of about 12-14 mg/mL can
optionally be performed. In certain aspects, filtration is
conducted at pressures below about 40 psi, using a capsule
filter and a pressurized dispensing vessel with a heating
jacket. Heating the sample slightly can improve the ease of
filtration.

9. Sterile Fill

Thesterile fill step 195 is performed using similar pro-
cesses as for conventional liposomal formulations. The
processes of the present invention result in about 50-60%of
the input therapeutic agent (e.g., nucleic acid) in the final
product. In certain preferred aspects, the therapeutic agent to
lipid ratio of the final product is approximately 0.04 to 0.07.

IV. Therapeutic Agents

‘The lipid-based drug formulations and compositions of
the present invention are useful for the systemic or local
delivery of therapeutic agents or bioactive agents and are
also useful in diagnostic assays. The following discussion
refers generally to liposomes; however, it will be readily
apparentto those ofskill in the art that this same discussion
is fully applicable to the other drug delivery systems of the
present invention.

Asdescribed above, therapeutic agent is preferably incor-
porated into the lipid vesicle during formation of the vesicle.
In one embodiment, hydrophobic actives can be incorpo-
rated into the organic solvent with the lipid, while nucleic
acid and hydrophilic actives can be added to the aqueous
component. In certain instances, the therapeutic agent
includes oneofa protein, a nucleic acid, an antisense nucleic
acid, ribozymes, tRNA, snRNA, siRNA, pre-condensed
DNA, an antigen and combinations thereof. In preferred
aspects, the therapeutic agent is nucleic acid. The nucleic
acid may encode a protein such as, for example, a herpes
simplex virus, thymidine kinase (HSV-TK), a cytosine
deaminase, a xanthine-guaninephosphoribosy] transferase, a
p53, a purine nucleoside phosphorylase, a carboxylesterase,
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a deoxycytidine kinase, a nitroreductase, a thymidine phos-
phorylase, or cytochrome P450 2B1.

In certain aspects, therapeutic agent is incorporated into

the organic lipid component. In certain instances, the thera-

peutic agent is lipophilic. Suitable lipophilic agents include

taxol, taxol derivatives, including, for example, protax II
and Paclitaxol, lipophilic benzoporphyrins, verteporfin the

lipid prodrug of foscarnet, 1-O-octadecyl-sn-glycerol-3-

phosphonoformate (ODG-PFA), dioleoyl[3H]iododeoxyuri-
dine ((3H]IDU-O12), lipid derivatized HIVprotease inhibi-
tory peptides such as iBOC-[L-Phe]-[D-beta-Nal|-Pip-
[alpha-(OH)-Leu]-Val (7194) and other lipid derivatized
drugs or prodrugs.

In another embodiment, the lipid vesicles of the present
invention can be loaded with one or more therapeutic agents
after formation ofthe vesicle. In certain aspects, the thera-
peutic agents which are administered using the present
invention can be any of a variety of drugs which are selected
to be an appropriate treatment for the disease to be treated.
Often the drug is an antineoplastic agent, such as vincristine,
doxorubicin, mitoxantrone, camptothecin, cisplatin, bleo-
mycin, cyclophosphamide, methotrexate, streptozotocin,
and the like. Especially preferred antitumor agents include,
for example, actinomycin D,vincristine, vinblastine, cystine
arabinoside, anthracyclines, alkylalive agents, platinum
compounds, antimetabolites, and nucleoside analogs, such
as methotrexate and purine and pyrimidine analogs. It may
also be desirable to deliver anti-infective agents to specific
tissues by the present processes. The compositions of the
present invention can also be used for the selective delivery
ofother drugs including, but notlimited to, local anesthetics,
e.g., dibucaine and chlorpromazine; beta-adrenergic block-
ers, e.g., propranolol, timolol and labetolol; antihypertensive
agents, e.g., clonidine and hydralazine; anti-depressants,
e.g., imipramine, amitriptyline and doxepim; anti-conver-
sants, e.g., phenytoin; antihistamines, e.g., diphenhy-
dramine, chlorphenirimine and promethazine; antibiotic/
antibacterial agents, e.g., gentamycin, ciprofloxacin, and
cefoxitin; antifungal agents, e.g., miconazole, terconazole,
econazole, isoconazole, butaconazole, clotrimazole, itracon-

azole, nystatin, naftifine and amphotericin B; antiparasitic
agents, hormones, hormone antagonists, immunomodula-
tors, neurotransmitter antagonists, antiglaucoma agents,
vitamins, narcotics, and imaging agents.

V. Apparatus

In another embodiment, the present invention provides
apparatus for carrying out the processes of the present
invention. FIG. 3 is an example of a representative sche-
matic of an apparatus 300 according to one embodimentof
the present invention. This schematic is merely an illustra-
tion and should not limit the scope of the claims herein. One
ofordinary skill in the art will recognize other variations,
modifications, and alternatives.

In one embodiment, the apparatus of the present invention
includes two reservoirs, an aqueous solution reservoir 310
and an organic solution reservoir 320, for holding aqueous
solution and organic solution, respectively. In certain
aspects, the lipid vesicle formulations are prepared rapidly,
at low pressure (e.g., <l10 psi) and the apparatus and pro-
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cesses of the present invention are fully scaleable (e.g., 0.5
mL-5000 L). At a 1-L scale, lipid vesicles are formed at
about 0.4-0.8 L/min. In certain preferred aspects, the appa-
ratus do not use static mixers nor specialized extrusion
equipment.

The mixing chamber 340 is, in one embodiment, a T-con-
nector, having optional hose barbs, wherein fluid lines 334
and 336 impact each other at about 180°. The angle of
mixing can also be changed, and lipid vesicles less than
about 100 nm can be formed at angles of between about 27°
and about 90° or even between 90° and 180°. In preferred
aspects, lipid vesicles of well defined and reproducible mean
diameters are prepared using substantially equal flow rates
of the flow lines. In other aspects, lipid vesicles of well

defined and reproducible mean diameters are prepared by

changing the flow rate of the fluid lines, ¢.g., to ensure

sufficient mixing in some cases. In preferred aspects, the

variance between flow rates is less that 50%, more prefer-
ablyless than about 25% and even morepreferablyless than
about 5%.

FIG. 13 shows a T-connector and associated flow dynam-

ics according to one embodiment. Examples of flowrates,

and resulting shear rates and Reynolds numbers (turbulence
measure) are shown in FIG. 14 and discussed in more detail
hereafter in Example 8. In comparison with prior systems,
the present invention provides non-turbulent flow and
increased shear rates at much lower (and substantially
equivalent) flow rates. For example, the present invention
advantageously provides non-turbulent flow (N,,<2000) in
the mixing environment with a shear rate between about
500/s and about 3300/s at a flow rate (both flowlines) of
between about 0.075 and about 0.3 L/min.

Mixing ofthe two fluid components can be driven using,
for example,a peristaltic pump 330, a positive displacement
pump, or by pressurizing both the lipid-ethanol and buffer
vessels 320, 310. In one aspect, a Watson-Marlow 505Di/L
pump fitted with a 505 L pump headis used; silicone tubing
(e.g., platinum cured with 3.2 mm ID, 2.4 mm wall thick-
ness; available from Watson Marlow as catalog no.
913A032024) can be used for flowlines into a polypropyl-
ene or stainless steel T-connector (e.g., with a 4" ID). Lipid
vesicles are typically formed at room temperature, but lipid
vesicles may be formed at elevated temperatures according
to the present invention. Unlike other existing approaches,
there are no general requirements for bufler composition. In
fact, the processes and apparatusofthe present invention can
formulate a lipid vesicle by mixing lipid in an alkanol with
water. In certain aspects, the processes and apparatus of the
present invention form lipid vesicles that are less than 200
nmin diameter.

When lipid vesicles are prepared containing plasmid
DNA(such as SPLPs), the ratio of plasmid to cationic lipid
and counter ions can be optimized. For refined formulations,
70-95% plasmid DNA (“pDNA”) encapsulation after mix-
ing, and ethanol removal steps is preferred. The level of
pDNAencapsulation can be increased bydiluting this initial
SPLP formulation. Surprisingly, the processes and apparatus
ofthe present invention provide an encapsulationefliciency,
upon mixing the solutions (with therapeutic agent in one of
the solution components) in the mixing environment, of up
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to about 90%. Further refinement, e.g., dilution, may be
performed as discussed herein.

In certain aspects, liposome producing apparatus 300 of
the present invention further includes a temperature control
mechanism (not shown) for controlling the temperature of
the reservoirs 310 and 320. Preferably, fluid from thefirst
reservoir 310 and the second reservoirs 320 flows into

mixing chamber 340 simultaneously at separate apertures.
Apparatus 300 further includes a collection reservoir 350
downstreamof the mixing chamberfor liposomecollection.
Moreover, in certain aspects, apparatus 300 further includes
storage vessels upstream of either or both of the reservoirs
310 and 320. Further, either or both of the reservoirs 310 and

320 are preferably jacketed stainless steel vessels equipped
with an overhead mixer.

STEP

SPLP formation
Dilution
Concentration
Ethanol removal

5

Buffer replaccment*
Free DNA
Removal**
Sterile filtration & Vial fill***

14

the pores ofthese hollowfibers. This filtrate is known as the
permeate solution and is discarded via vessel 470. After the
SPLPs are concentrated to the desired plasmid concentra-
tion, the buffer in which the SPLPs are suspended is
removedbyultrafiltration and replaced by an equal volume
of the final buffer. Ultrafiltration can be replaced with other
methods such as conventional dialysis.

VI. Examples

Example 1

This Example illustrates various physical and chemical
properties of SPI.Ps made in accordance with one embodi-
ment of the present invention.

Table J the amount of ethanol, pDNA andlipid content in
process steps according to the present invention.

3  
TABLE I

% pDNA Lipid
Initial [Ethanol] [pDNA] Recovery [Lipid] Recovery

Volume (% (mg/m) (%) (mg/ml) (%)

100 45 0.45 95 76 95
200 22.5 0.23 90 3.8 90

50 22.5 0.90 90 15.1 90
50 <1% 0.90 90 15.1 90
45 <0.1% 0.90 81 15.1 81
45 <0.1% 0.64 55 144 76

(0.55) (12.4)
49 <0.1% 0.50 30 11.1 68

*Estimate 10% total volume and SPLPloss after buffer replacement step.
**Assume that 75% of pDNAis encapsulated and all free DNA is removed. Estimate 5%loss of SPLP on anion
exchange cartridge. At this step the sample will be assayed for encapsulated pDNAand adjusted to 0.55 mg/ml to
anticipate loss of SPLP duringthe filtration step (concentrations after adjustment to 0.55 mg/ml pDNA shownin
brackets).
***Assume a maximum 5% volume loss and up to 10% total SPLP loss.

Tn another embodiment, the present invention provides an
apparatus having an ultrafiltration system for carrying out
the processes ofthe present invention. FIG. 4 is an example
of a representative schematic of an apparatus 400 according
to one embodimentofthe present invention. This schematic
is merelyan illustration and should notlimit the scope of the
claims herein. One ofordinary skill in the art will recognize
other varialions, modifications, and alternatives.

In certain aspects, apparatus 400 includes a plurality of
reservoirs and is equipped with anultrafiltration system. An
aqueous solution reservoir 440 and an organic solution
reservoir 43@ each have upstream preparation vesicles 433
and 425, respectively. In one aspect, lipid preparation vessel
425 is optionally equipped with an alkanol storage vessel
421 in fluid communication therewith.

As shownin FIG.4,the ultrafiltration system includes an
incubation vessel 450 in fluid communication with a col-

lection vessel 455, an exchange column 460 and a tangential
flow ultrafiltration cartridge 465. The ultrafiltration system
optionally includes a permeate vessel 470. In certain aspects,
ultrafiltration is used to concentrate SPLP samples and then
removeethanol from the formulation by buffer replacement.

In one embodiment of operation, the diluted SPLPs are
transferred to the feed reservoirofthe ultrafiltration system.
Concentration is performed by removing buffer and ethanol
using, for example, cross flow cartridges 465 packed with
polysulfone hollow fibers that possess internal diameters of
about 0.5 mm and a 100,000 molecular weight cut-off
(MWCO). The SPLPsare retained within the hollow fibers
and re-circulated, whereas the ethanol and buffer compo-
nents are removed from the formulation by passing through

35

40

45

60

Table II sets forth the plasmid specification made accord-
ing to one aspect of the present invention.

TABL] ies II

Plasmid Specification

 Test Specification

1. Appearance Clear, Colorless solution.
2. Electrophoresis Relative migration vs. standard.
3. Cireular plasmid >90%
4. Potentiometric pH 6.5-8.5

value
5. Electrophoresis RNA undetectable
6. BCAprotein assay Undetectable
7. Spectrometric 1.7-2.0

A260!A280
& DNAhybridization <1% E. coli DNA

assay
9, Sterility Testing No growth observed in bacteriologic

media
10. LAL <20 EL/mg.
11. UVAbsorbance 2.0-3.0 mg/mL.

Table III sets forth the SPLP specification made according
to one aspect of the present invention.

TABLEIII

Test Specification

1. Appearance Homogenous, opaque white solution
2. pH 74 (6.0-8.5)
3. Osmolality 320 mOsm/kg (290-500 mOsm/kg)
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TABLEII]-continued

Test Specification

4. Plasmid Content 0.5 mg/mL (0.25-1.0 mg/mL)
5. DSPC Content 20 +/- 4.0 mol %
6. DODMAContent 25 +/- 5.0 mol %
7. PEG-DSGContent 10 +/~ 2.0 mol %
8. Cholesterol Content 45 +/- 5.0 mol %
9. Particle size Meandiameter 100 + 25 nm

10. Plasmid Encapsulation >85%
11. Plasmid Integrity >80%

Supercoiled <20%
Nicked <2%
Linear

12. LAL <50 EU/mg DNA
13. Sterility Pass

Example 2

This Example illustrates various process parameters in
one embodimentof the present invention.

In one SPLP embodiment, varying the initial ethanol
concentration for lipid dissolution hadlittle impact oneither
vesicle size or DNAencapsulation, providing that the etha-
nol concentration was high enough to ensure that none ofthe
individual lipid components precipitated (see, FIG. 5).
Below 75% ethanol, lipids were not soluble even with
heating to 55° C. Lipids dissolved in 75%ethanol at 55° C.
formed SPLP with larger mean diameters and lower DNA
encapsulation (see, FIG. 5).

The initial DNA to lipid ratio has been varied from
0.048-0.081 mg DNA: mglipid formulation and vesicles of
similar size with 77-90% DNAencapsulation were formed.

SPLPs have been prepared at a pH range of about 3.5-6
for the initial mixing step and all formulations possessed
mean particle diameters of less than 150 nm and DNA
encapsulationefficiencies of greater than 50%(see, FIG.6).
At higher pH, vesicles can also be prepared with similar
vesicle sizes, but with lower DNA encapsulation efficien-
cies.

In certain aspects, mean vesicle diameters of empty
vesicles prepared using one process of the present invention
depend upon the salt concentration of the diluting buffer,
(c.g., Sphingomyclin:cholestesterol vesicles, EPC:EPG
vesicles). Varying the ionic conditions in the buffer, influ-
ences the tendency for a given lipid to arrange itself into
bilayers and vesicles.

During the development of one SPLP formulation, it was
found that both the pH andsalt concentration of the diluting
buffer had a significant effect on the DNA encapsulation
efficiency. Naturally, diluting buffers with pH values lower
than the pKa for the cationic lipid component (DODMA)
gave higher encapsulation values (FIG. 7). Interestingly, a
final salt concentration of 150 mM was also optimal fer
DNAencapsulation (FIG.8).

 

Example 3

This Example illustrates the use of one process of the
present invention to make EPC and POPC vesicles.

POPCvesicles are useful as “sink”vesicles for membrane

fusion assays. In particular, they can be used in excess to
remove PEG lipids from other liposomes, thus destabilizing
the other liposomes and allowing them to fuse with the
desired membrane. [PC vesicles are useful for removing
cholesterol from arterial plaques.
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The vesicles were prepared at an initial ethanol concen-
tration of 80%, and lipid concentration of 10 mM. After
mixing and dilution, the ethanol] concentration was 20%, and
lipid concentration was 5 mM. The EPC formulation was
mixed and diluted with PBS, and the POPC was mixed and

diluted with HBS. Both preparations were concentrated and
ethanol removed using an ultrafiltration cartridge, i.e., the
EPCagainst PBS, and the POPC against HBS. Both prepa-
rations were then sterile filtered using 0.22 um syringe
filters.

TABLEIV

EPC and POPC vesicle data

Vesicle Size (nm) Lipid Concentration

Sample Lot Number Diam SD Chi? mg/mL
POPC 25031302-02 125 62 7 22.
EPC 25031302-01 89 39 9 18.2

Example 4

This Example illustrates the use of one process of the
present invention to make EPC/Cholesterol] vesicles with a
pH gradient.

Unilamellar lipid vesicles (LUV) comprising EPC and
Cholesterol have traditionally been prepared by hydrating
lipid films to form multilamellar lipid vesicles (MLV) that
have been subjected to vesicle size reduction using high-
pressure extrusion. It is well knownthat these vesicles can
be prepared with acidic aqueousinteriors and a pH gradient
across the lipid bilayer. Weakly basic lipophilic molecules
have been shown to accumulate in these vesicles at high
internal concentrations. Various drug-loaded liposomes that
are currentlyin late stage clinicaltrials utilize this approach
(e.g., Myocet: doxorubicin loaded vesicles).

In one aspect, safranine was used to determine whether
such a pH gradient was present. Safranine is a lipophilic
basic dye that has been used to study membranepH gradi-
ents

EPC/Chol vesicles were prepared using the present pro-
cesses and apparatus at an initial ethanol concentration of
80%, and lipid concentration of 10 mM (See FIG. 9A-B).
After mixing and dilution, the ethanol concentration was
20%, and lipid concentration was 5 mM. Three different
formulations were prepared:

1. Mixed and diluted with PBS (control).
2. Mixed and diluted with 150 mM citrate (final citrate

concentration is 94 mM).
3. Mixed and diluted with 300 mMcitrate (final citrate

concentration is 188 mM).
After mixing and dilution, each sample was concentrated

and ethanol was removed using ultrafiltration. After the
concentration step, each sample was diafiltrated against its
diluting buffer to ensure that the acidic citrate buffer present
within vesicles would not leak out during ethanol removal.
All samples werefinally formulated with an external buffer
of phosphate-buffered saline at pH 7.4. After sterile filtra-
tion, the mean vesicle diameters of these formulations were
very similar (90-92 nm) and possessed acceptable standard
deviation and Chi squared values (Table V).

Following dialysis, the vesicles were assayed for lipid
concentration using the Infinity cholesterol assay. Solutions
were then prepared containing 5 mM lipid and 0.2 mM
safranine obtained from a filtered 10 mM stock solution. The
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solutions were incubated at 37° C. for 30 minutes. A 500 ul

aliquot of each incubated solution was then passed down a
2-mL Sepharose CL4B gel filtrauon column. The free dye
was separated from the vesicles, and the lipid-containing
fractions were collected and analyzed. The safranine con-
centration was determined by measuring the fluorescence of
the samples at 516 nm excitation and 585 nm emission.

The vesicles with acidic interiors accumulated safranine,
with the 94 mM citrate-containing vesicles showing the
highest encapsulation. In contrast, the PBS control vesicles
encapsulated very little safranine. The 188 mM citrate
vesicles also encapsulated some safranine, but not as much
as the 94 mM citrate-containing vesicles (See FIG. 10).

TABLE V

Safranine-Loaded EPC/Chol Vesicles

Vesicle
Safranine Size (nm) Dye:Lipid Ratio

Sample Encapsulation Diam SD Chi? Mg:mg mol:moi
PBS Control 9% 90 33 27 0.002 0.003

94 mM Citrate 54% 92 41 #17 0.011 0.019
188 mM Citrate 31% 91 35 48 0.007 0.011

Example 5

‘This Example illustrates the use of one process of the
present invention to make sphingomyelin/cholesterol
vesicles.

Sphingomyelin/cholesterol vesicles are desirable due to
their durability and strength. These vesicles can also be used
to encapsulate drugs using a pH gradient. However, these
LUVhavetraditionally needed to be formed at temperatures
greater than 65° C. and using high pressure extrusion. In
order to form these vesicles with the lipomixer, a number of
variables needed to be taken into consideration, such as
ethanol concentration, lipid concentration, and the salt con-
centration of the mixing and dilution buffer.

The vesicles were formulated at a ratio of 55/45 SM/Chol

(mol:mol), while the initial ethanol concentration after mix-
ing varied from 50 to 25%. Dilution buffers tested included
PBS, water, 10 mM citrate, 150 mM citrate, and 300 mM
citrate. Final lipid concentrations ranged from 0.5 to 2.5
mM.The vesicles formulated in the presence ofsalt (1.e.,
using buffers) were 200-500 nm, indicating an MLV. Ali-
quots of these samples were dialyzed against both 150 mM
citrate and water in an attempt to remove ethanol and
stabilize the vesicles.

Example 6

This Example illustrates the use of one process of the
present invention to prepare vesicles that passively encap-
sulation small molecules such as calcein.

Calcein is a fluorescent dye that is self-quenching at
concentrations greater than 10 mM.Vesicles encapsulating
calcein can be used in fusion assays to determine whether
vesicles have fused together. Fusion decreases the internal
calcein concentration, causing it to fluoresce. Vesicles were
prepared with DSPC:CHOL:PEG-DLG:DODMA (20:55:
10:15) at an ethanol concentration of 19% and 2 mMlipid
after mixing and dilution (See FIG. 11). Lipids dissolved in
ethanol were mixed with a solution containing 20 mM
citrate and 75 mM calcein, and then the resulting vesicles
were diluted with 300 mM NaCl and 37.5 mM Calcein. The
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calcein was obtained from a 100 mM stock solution. The
final calcein concentration in the vesicles was 37.5 mM.

After mixing and dilution the vesicles were dialyzed
overnight against HBS to remove unencapsulated dye. This
was unsuccesstul at removing all of the free dye, so the
vesicles were passed downa gelfiltration column. The lipid
fraction was collected and analyzed. It was found that the
calcein was indeed self quenching at the concentration
inside the vesicles. This is a clear demonstration that the

processes and apparatus of the present invention can be used
to prepare vesicles that passively encapsulate small mol-
ecules.

TABLE VI

Calcein-encapsulated vesicles

Fluorescence

Vesicle Size (nm) TPishone Than

Step Diam sp chi? writon writon
Post Dilution 205 109 0.4 Nid Nid
Post Dialysis 173 74 0.5 Nid Nid
Post Gel Filtration 178 7 5.4 0.4 41

Example 7

This Example illustrates the use of one process of the
present invention versus prior art methods.

With reference to FIG. 12, lipids were dissolved in 90%
ethanol (A) and diluted either: step-wise using an apparatus
of the present invention to 45% (B) and 22.5% ethanol (C),
represented by thesolid line (“LipoMixer’’); or added drop-
wise with into stirred buffer to a final ethanol concentration

of 22.5% (C), represented by the dotted line. Even though
the final ethanol concentrations for both preparations were
the same, the SPLP formed according to the processes of the
present invention had 85% DNA encapsulation whereas
vesicles prepared by ethanol drop had only 5% DNA encap-
sulation.

Example 8

‘This example illustrates various conditions and properties
for fonning liposomesaccording to the present invention.It
should be appreciated that other conditions and parameters
maybe used and that those used herein are merely exem-
plary.

With reference to FIGS. 13 and 14, various flow rates
(substantially equivalent for bothlipid and aqueoussolution
flows) are modeled and analyzed to showvarious parameters
such as shear rate and Reynolds number (N,,,) and vesicle
size. Parameters and conditions were determined at the

outlet of the T-connector correcting for the density and
viscosity of the resulting ethanol solution. Additional tur-
bulence as a result of the two streams meeting one another
in opposition has not been accounted for, nor has additional
turbulence as a result of the streams having to turn a 90
degree corner.

Tt is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be
suggested to persons skilled in theart andare to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
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applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.

Whatis claimed is:

1. A lipid vesicle formulation comprising:
(a) a plurality of lipid vesicles, wherein each lipid vesicle

comprises:
a cationic lipid;
an amphipathic lipid; and
a polyethyleneglycol (PEG)-lipid; and

(b) messenger RNA (mRNA), wherein at least 70% ofthe
mRNAin the formulation is fully encapsulated in the
lipid vesicles.

2. The lipid vesicle formulation of claim 1, whercin the
amphipathic lipid is a phospholipid.

3. The lipid vesicle formulation of claim 2, wherein the
phospholipid is selected from the group consisting of phos-
phatidylcholine, phosphatidylethanolamine, phosphatidyl-
serine, phosphatidylinositol, phosphatidic acid, palmitoylo-
leoyl phosphatidylcholine, lysophosphatidylcholine,
lysophosphatidylethanolamine, dipalmitoylphosphatidyl-
choline, dioleoylphosphatidylcholine, di stearoylphosphati-
dylcholine, and dilinolcoylphosphatidylcholine.

4. The lipid vesicle formulation of claim 1, wherein each
lipid vesicle further comprises a sterol.

5. The lipid vesicle formulation of claim 4, wherein the
sterol is cholesterol.

6. The lipid vesicle formulation of claim 4, wherein the
sterol is cholesterol and the amphipathic lipid is a phospho-
lipid.

10

20

7. The lipid vesicle formulation of claim 6, wherein the
phospholipid is selected from the group consisting of phos-
phatidylcholine, phosphatidylethanolamine, phosphatidyl-
serine, phosphatidylinositol, phosphatidic acid, palmitoylo-
leoyl phosphatidylcholine, lysophosphatidylcholine,
lysophosphatidylethanolamine,  dipalmitoylphosphatidy]-
choline, dioleoylphosphatidylcholine, di stearoylphosphati-
dylcholine, and dilinoleoylphosphatidylcholine.

8. The lipid vesicle formulation of claim 1, wherein each
lipid vesicle is a liposome.

9. The lipid vesicle formulation of claim 1, wherein each
lipid vesicle is a lipid-nucleic acid particle.

10. The lipid vesicle formulation of claim 1, wherein each
lipid vesicle is about 150 nm orless in diameter.

11. ‘The lipid vesicle formulation of claim 1, wherein the
cationic lipid only carries a positive charge at below physi-
ological pH.

12. The lipid vesicle formulation of claim 1, wherein each
lipid vesicle is about [00 nmorless in diameter.

13. The lipid vesicle formulation of claim 1, wherein at
least 80% of the mRNAin the formulation is fully encap-
sulated in the lipid vesicles.

14. The lipid vesicle formulation of claim 1, wherein
about 90% of the mRNAin the formulation is fully encap-
sulated in the lipid vesicles.
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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 

ARBUTUS BIOPHARMA CORPORATION 
and GENEVANT SCIENCES GMBH 

Plaintiffs, 

v. 

MODERNA, INC. and MODERNATX, 
INC., 

Defendants. C.A. No. 22-252-MSG

JURY TRIAL DEMANDED MODERNA, INC. and MODERNATX, 
INC., 

Counterclaim-Plaintiffs, 

v. 

ARBUTUS BIOPHARMA CORPORATION 
and GENEVANT SCIENCES GMBH 

Counterclaim-Defendants. 

DECLARATION OF DAVID H. THOMPSON, PH.D. 
REGARDING CLAIM CONSTRUCTION 

I hereby declare that all statements made herein of my own knowledge are true and that all 

statements made on information or belief are believed to be true, and further that these statements 

were made with the knowledge that willful false statements and the like so made are punishable 

by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code. 

Dated: September 25, 2022 
David H. Thompson, Ph.D. 
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I, David H. Thompson, Ph.D., declare as follows: 

I. QUALIFICATIONS AND EXPERIENCE 

1. I am a Professor of Chemistry at Purdue University and the Director of the 

Medicinal Chemistry Group in the Purdue Center for Cancer Research.  My primary research 

interests include the development of transiently-stable carrier systems for drug and nucleic acid 

delivery, including fusogenic lipid systems and PEG-lipid formulations, and flow chemistry 

methods for preparing nucleic acid complexes and small molecules.  I have studied, taught, 

practiced, and conducted research involving the formulation, use, characterization, and delivery of 

lipid particles.  I am an expert in the delivery of therapeutic agents using lipid particles. 

2. I received my Ph.D. in Organic Chemistry from Colorado State University in 1984. 

I also hold a Bachelor of the Arts in Biology and a Bachelor of Science in Chemistry from the 

University of Missouri, Columbia.  I conducted post-doctoral research at Oregon Health & 

Sciences University. 

3. I served as an assistant professor at Oregon Health & Sciences University for 

roughly seven years, after which time I moved over to Purdue University, where I have been a 

faculty member for over 29 years.  I served as associate professor in the Department of Chemistry 

and was promoted to full professor in 2001.  Since that time, I have served as Professor of Organic 

Chemistry, as well as a professor in Purdue University’s Department of Biomedical Engineering.  

In addition, I have served as a visiting professor at numerous institutions, including: University of 

Florida, Department of Pharmaceutics; University of British Columbia, Department of 

Biochemistry; Chulalongkorn University, Department of Pharmaceutics; Technical University of 

Denmark, Department of Micro & Nanotechnology; Japan Advanced Institute of Science & 

Technology, Department of Biomaterials; and Osaka University, Department of Applied 

Chemistry.  
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4. I serve in leadership roles on numerous committees and programs at Purdue 

University, including serving as: director of the Medical Chemistry Group, co-director of 

Chemical & Structural Biology Interdisciplinary Research, head of the Organic Chemistry 

Division for the Department of Chemistry, course developer for NSF Interdisciplinary Science 

Education for Engineers, member of the committee for the Department of Chemistry Graduate 

Studies, and director of the NIH-National Cancer Institute’s Experimental Therapeutics – 

Chemical Biology Consortium.  In addition, I have served in many government-service and 

advisory-board positions, including participating as a panelist on numerous NIH Study sections, 

such as the study section for Bioengineering and Physiology as well as on Gene and Drug Delivery. 

5. I have over 37 years of experience working on lipid-based transport materials and 

mechanisms.  Throughout this time, I have taught, researched, and practiced the formulation, use, 

characterization, and delivery of lipid particles.  In my laboratory, I perform a wide range of studies 

on nucleic acid biotherapeutic delivery, including the formulation of lipid-based bio-responsive 

carrier systems.  My laboratory also designs and synthesizes materials to improve the efficacy of 

such carrier systems in human tissue culture and animal models.  

6. Since the 1990s, my work has focused on lipid-based drug carrier systems, 

including evaluating which systems were most efficient for intracellular drug delivery and 

mechanisms for improving the release of the drugs’ contents into cells.1  Starting around 2000, my 

research expanded to include not just drug, but nucleic-acid delivery via lipid-based carriers, and 

                                                 
1 See, e.g., V. C. Anderson and D. H. Thompson, Triggered Release of Hydrophilic Agents from 
Plasmalogen Liposomes Using Visible Light or Acid, Biochimica et Biophysica Acta, vol. 1109, 
pp. 33-42 (1992); D. H. Thompson et al., Triggerable Plasmalogen Liposomes: Improvement of 
System Efficiency, Biochimica et Biophysica Acta, vol. 1279, pp. 25-34 (1996); Y. Rui et al., 
Diplasmenylcholine‐Folate Liposomes: An Efficient Vehicle for Intracellular Drug Delivery, 
Journal of the American Chemical Society, vol. 120, pp. 11213-11218 (1998). 
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lipid-mediated transfection for in vitro and in vivo nucleic acid transfer.2  Since then, I have 

continued researching and formulating various types of vehicles for delivering therapeutic 

payloads, including the delivery of nucleic acids and lipid-based carrier systems.3  

7. I have supervised over twenty-five Ph.D.-level graduate students with a primary 

emphasis on the development of lipid-based carriers and materials for building lipid-based carriers, 

including carriers to serve as gene-delivery vectors. 

8. I have organized numerous conferences, including: “Materials Science of 

Phospholipid Assemblies” for the Material Research Society Symposium in 1999, “Drug 

Delivery” for the American Chemical Society Symposium in 2007, and “Advanced Materials 

Designs for Drug and Gene Delivery” for the American Chemical Symposium in 2013.  I have 

been invited to speak at over 150 guest lectures for various events, universities, and research 

organizations regarding my work in various fields of study including the structure and design of 

gene carriers and lipid-based therapeutic delivery systems.  I have also been invited to guest edit a 

                                                 
2 J. A. Boomer and D. H. Thompson, Synthesis of Acid‐Labile Diplasmenyl Lipids for Drug and 
Gene Delivery Applications, Chemistry and Physics of Lipids, vol. 99, pp. 145-153 (1999); J. A. 
Boomer et al., Formation of Plasmid‐Based Transfection Complexes with an Acid‐Labile Cationic 
Diplasmenyl Lipid: In Vitro and In Vivo Gene Transfer, Pharmaceutical Research, vol. 19, pp. 
1289-1298 (2002). 
3 J. A. Boomer et al., Cytoplasmic Delivery of Liposomal Contents Mediated by an Acid‐Labile 
Cholesterol‐Vinyl Ether‐PEG Conjugate, Bioconjugate Chemistry, vol. 20, pp. 47-59 (2009) 
(“Boomer 2009”); H.-k. Kim et al., Effective Targeted Gene Delivery to Dendritic Cells via 
Synergistic Interaction of Mannosylated Lipid with DOPE and BCAT, Biomacromolecules, vol. 
13, pp. 636-644 (2012); A. Kulkarni et al., Pendant Polymer:Amino‐β‐Cyclodextrin:siRNA 
Guest:Host Nanoparticles as Efficient Vectors for Gene Silencing, Journal of the American 
Chemical Society, vol. 134, pp. 7596-7599 (2012); V. D. Badwaik, et al., Structure-Property 
Relationship for siRNA Delivery Performance of Cationic 2-Hydroxypropyl--cyclodextrin: 
Poly(ethylene glycol)-Poly(propylene glycol)-Poly(ethylene glycol) Polyrotaxane Vectors 
Biomaterials vol. 84, pp. 86-98 (2016); K. J. Wright et al. Organocatalytic Synthesis and 
Evaluation of Polycarbonate Pendant Polymer:-Cyclodextrin-based Nucleic Acid Delivery 
Vectors Macromolecules vol. 51, pp. 670-678 (2018); S. Samaddar et al. Immunostimulatory 
Response of RWFV Peptide-Targeted Lipid Nanoparticles on Bladder Tumor Associated Cells 
ACS Applied Bio Materials, vol. 4, pp. 3178-3188 (2021).   
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special issue in Advanced Drug Delivery Reviews on stimulated release from lipid-based carrier 

systems and published four highly cited reviews in this area. 

9. I have served as a reviewer for over 40 journals, including Science, Nature, Journal 

of the American Chemical Society, Bioconjugate Chemistry, Biophysical Chemistry, Chemistry 

of Materials, Chemistry & Physics of Lipids, Advanced Drug Delivery Reviews, Pharmaceutical 

Research, Journal of Controlled Release, Lipids, Journal of Membrane Science, Nanomedicine, 

and Organic & Biomolecular Chemistry. 

10. I am listed as a co-inventor on 10 United States patents covering inventions related 

to many different types of technologies and materials including lipids, lipid-based carriers, and 

gene delivery, including for instance, U.S. Patent No. 5,277,913, which is titled “Liposomal 

delivery system with photoactivatable triggered release,” and U.S. Patent No. 6,979,460, which is 

titled “Vinyl ether lipids with cleavable hydrophilic headgroups,” and describes novel PEG-lipids.   

11. I have also published more than 170 peer-reviewed scientific papers in the fields of 

physical chemistry, organic chemistry, bioconjugate chemistry, lipids, drug delivery, viral 

immunology including DNA-based vaccine development, biochemistry, and biomaterials science.   

12. A copy of my curriculum vitae is provided in Appendix A and contains further 

details on my education, experience, publications, and other qualifications to render an expert 

opinion in this matter.   

13. I am being compensated my customary rate of $600 per hour for my consultation 

in connection with this litigation.  My compensation is in no way dependent on the outcome of my 

analysis or opinions rendered in this litigation. 

II. ASSIGNMENT 

14. I understand that Plaintiffs Arbutus Biopharma Corporation (“Arbutus”) and 

Genevant Sciences GmbH (“Genevant”) have asserted U.S. Patent Nos. 8,058,069 (“the ’069 
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patent”), 8,492,359 (“the ’359 patent”), 8,822,668 (“the ’668 patent”), 9,364,435 (“the ’435 

patent”), and 11,141,378 (“the ’378 patent”) (collectively, the “Lipid Composition Patents”), as 

well as U.S. Patent No. 9,504,651 (“the ’651 patent”), against Defendants Moderna, Inc. and 

ModernaTX, Inc. (collectively, “Moderna”) in this litigation.   

15. I previously submitted declarations and was deposed concerning the ’435 and ’069 

patents in inter partes review (“IPR”) proceedings in Case Nos. IPR2018-00739 and IPR2019-

00554 before the Patent Trial & Appeal Board (“PTAB” or “Board”) brought by Moderna 

Therapeutics, Inc.4  In those IPRs, I responded to Moderna’s assertion that the claims of the ’435 

and ’069 patents were unpatentable as either anticipated or obvious.  I understand that the Board 

subsequently determined that claims 7-8, 10-11, 13, and 16-20 of the ’435 patent were not 

unpatentable, that none of the claims of the ’069 patent were unpatentable, and that these 

determinations were not disturbed on appeal by the Court of Appeals for the Federal Circuit. 

16. I have now been asked by counsel for Plaintiffs to opine on how the person of 

ordinary skill in the art (“POSA”), in the context of the Lipid Composition Patents and the ’651 

patent, would interpret the following claim terms at the priority dates asserted by the parties:5 

• “mol % of the total lipid present in the particle” as recited in claims 1, 8, 15, 20, 
and 21 of the ’069 patent; claims 1, 7, 9, 10, 11, 12, 13, 18, 19 of the ’359 patent, 
claims 1, 8, 10, and 15 of the ’668 patent, claims 1, 4, 7, and 8 of the ’435 patent; 
and claims 1, 2, 7, 13, 18, 24, and 25 of the ’378 patent; and  

                                                 
4 I also submitted a declaration and was deposed concerning another patent, U.S. Patent No. 
9,404,127 (“the ’127 patent’)—which I understand has not been asserted and is not at issue in this 
case—in another IPR brought by Moderna Therapeutics, Inc., Case No. IPR2018-00680.  I was 
deposed simultaneously concerning my declarations regarding the ’127 patent and the ’435 patent 
in the IPRs concerning those patents on February 4 and 5, 2019.  I was separately deposed in the 
IPR concerning the ’069 patent on January 15, 2020. 
5 I understand that beyond the filing date of the patents and the provisional applications to which 
the Lipid Composition Patents and the ’651 patent claim priority—which I discuss below, see infra 
§ IV.A—Moderna contends August 1, 2013 to be a relevant priority date for the ’651 patent, and 
further contends that the Lipid Composition Patents are not entitled to a priority date earlier than 
April 15, 2009.  My opinions do not change depending on the priority date applied. 
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• “wherein at least 70% / at least 80% / about 90% of the mRNA in the 
formulation is fully encapsulated in the lipid vesicles” as recited in claims 1, 13, 
and 14 of the ’651 patent.   

17. In reaching the opinions I express herein, I have considered the Lipid Composition 

Patents, all of which I understand share a common specification, see infra § IV.A; the ’651 patent; 

the prosecution histories of the Lipid Composition Patents and the ’651 patent; the materials cited 

in this declaration; as well as my training, general knowledge, basic principles, and experience in 

the relevant scientific disciplines. 

III. TECHNICAL BACKGROUND 

A. Lipid Nanoparticles 

18. Gene therapies using nucleic acids such as DNA or RNA to manufacture 

therapeutic proteins (or to “silence” disease-causing genes) inside human cells have been a focus 

of sustained research since the discovery of DNA and the genetic code.  These therapies hold the 

promise of targeting disease pathways in highly specific ways, but it has long been known that the 

promise of gene therapies would only be realized through the development of appropriate delivery 

vehicles.  That is because therapeutic nucleic acids cannot simply be administered to a patient, 

e.g., by injection.  Therapeutic nucleic acids require an effective vehicle to protect them from being 

destroyed by the human body before they are even able to reach a target cell, and once there, to 

transit across the cell membrane and deposit them inside the cell, where they can then exert their 

therapeutic effect.  For this reason, the central challenge in gene therapy has long been “delivery, 

delivery, delivery.”  Check 20036 at 11.   

19. Lipid-based formulations for delivering nucleic acids have been explored since the 

late 1970s, but these early formulations differ markedly from the lipid nanoparticles (“LNP”) at 

                                                 
6 E. Check, RNA to the rescue?, Nature, vol. 425, pp. 10-12 (2003) (“Check 2003”). 
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issue in this case.  The first generation of nucleic acid delivery systems that were developed 

included cationic liposome nucleic acid complexes.  These formulations have been described 

structurally as resembling “spaghetti” and “meatballs,” where “tubules” of lipid-coated strands of 

nucleic acids (the “spaghetti”) are interspersed with the cationic liposome-nucleic acid 

“lipoplexes” (the “meatballs”), shown schematically below: 

 

Sternberg 19947 at 364 (Figure 2).  These cationic lipoplexes “enhance uptake by recipient cells,” 

but are generally understood not to achieve “true encapsulation” of their nucleic payload.  

Sternberg 1994 at 361, 365. 

                                                 
7 B. Sternberg et al., New structures in complex formation between DNA and cationic liposomes 
visualized by freeze-fracture electron microscopy, FEBS Letters, vol. 356, pp. 361-66 (1994) 
(“Sternberg 1994”). 
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20. The LNPs at issue in this case differ from cationic lipoplexes and are generally 

comprised of three or four lipid components: (1) “cationic” (or “ionizable” lipids or “aminolipids”) 

that are neutral or uncharged at physiological pH (approximately pH 7) but which become 

positively charged at low pH due to the presence of nitrogen- or amine-bearing chemical groups; 

(2) cholesterol and (3) phospholipids, which are “structural” lipids that maintain the LNP structure; 

and (4) conjugated lipids that contain a lipid “anchor” attached (or “conjugated”) to a hydrophilic 

component, generally polyethylene glycol or “PEG.”  The hydrophilic nature of PEG reduces the 

propensity of LNPs to aggregate or fuse during manufacture and also “shields” them from being 

rapidly cleared in the bloodstream.  However, PEG-lipids can also can interfere with the ability of 

LNPs to fuse with cell membranes.   

21. The LNPs at issue in this case generally are formed by the self-assembly of the 

lipids and the nucleic acids into particles.  In particular, when the lipid components and nucleic 

acid are combined under certain conditions, they form LNPs due to the electrostatic interaction of 

the positively charged ionizable lipid (the cationic state of the lipid) with the negatively charged 

nucleic acid, as well as clustering of the lipids together to minimize their contact with water (the 

same phenomenon behind the formation of oil droplets in water).  The resulting particles have a 

lipid outer layer surrounded by a “corona” of hydrophilic PEG domains from the conjugated lipid 

at the particle surface, which are so oriented due to the affinity of the PEG for water.  The nucleic 

acid resides in the interior of the LNP, surrounded by the cationic lipid, phospholipid, and 

cholesterol.  Various schematic or “cartoon” depictions of LNPs from the literature reflect this 

consensus understanding of their structure, including the following:  
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Samaridou 2020,8 Graphical Abstract 

 

The “Amino Lipid” above corresponds to the cationic lipid, while the “Structural Lipid” 

encompasses the phospholipid.  See Samaridou 2020 at 38-41; see also, e.g., Kulkarni 2018,9 

Figure 6; Buschmann 2021,10 Figure 2.   

B. Significant Figures & Rounding 

22. The concept of significant figures and rounding is a standard scientific convention 

that is used to understand the meaning and scope of numeric values.  As a general matter in my 

field, the significant figures in a numeric value refer to those digits that carry “practical meaning.”  

                                                 
8 E. Samaridou et al., Lipid nanoparticles for nucleic acid delivery: Current perspectives, 
Advanced Drug Delivery Reviews, vols. 154-55, pp. 37-63 (2020) (“Samaridou 2020”), available 
at https://www.sciencedirect.com/science/article/abs/pii/S0169409X2030048X. 
9 J. A. Kulkarni et al., On the Formation and Morphology of Lipid Nanoparticles Containing 
Ionizable Cationic Lipids and siRNA, ACS Nano, vol. 12, pp. 4787-95 (2018) (“Kulkarni 2018”). 
10 Michael D. Buschmann et al., Nanomaterial Delivery Systems for mRNA Vaccines, Vaccines 
(Basel), vol. 9, no. 65 pp. 1-30 (Jan. 19, 2021) (“Buschmann 2021”). 
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Remington 200011 at 103.  As Remington—a widely used and authoritative treatise in the 

pharmaceutical field—summarizes, “[w]eighing and measuring can be carried out only with a 

certain maximum degree of accuracy; the result always is approximate due to the many sources of 

error such as temperature, limitations of the instruments employed, personal factors, and so on.”  

Id.  In a measured value such as 473 mL (milliliters), there are three significant figures, “the last” 

or rightmost “significant figure is only approximate,” and “it is understood that the measurement 

had been made somewhere between 472.5 and 473.5 mL.”  Id.  The significant figures in a numeric 

value are thus understood to encompass a range of values having greater precision, or more 

significant figures, all of which round to the numeric value in question. 

23. Rounding also comes into play when comparing values having different significant 

figures.  As explained in the United States Pharmacopeia (“USP”)—an official compendia of 

reference standards in the pharmaceutical industry and another authoritative text that reflects the 

conventional understanding of scientists working in the field—when considering a “stated limit” 

(such as a range in a patent claim), the limit values “are considered significant to the last digit 

shown.”  USP 2312 at 3.  Put another way, the number 473 has three significant digits, as does the 

number 470, since the “4” is significant, and all ensuing digits are significant to the “last digit 

shown,” whether a 3 or a 0.  And because analytical results (whether “observed” or “calculated”) 

generally contain more significant figures than the “stated limits,” “the observed or calculated 

result” must be “rounded off to the number of places that is in agreement with the limit expression” 

using the following procedure:  

                                                 
11 Remington: The Science and Practice of Pharmacy Twentieth Edition (Alfonso R. Gennaro et 
al. eds., 2000) (“Remington 2000”).   
12 United States Pharmacopeia, Twenty-third Revision (1995) (“USP 23”). 
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USP 23 at 4.  To explain the above procedure, which would be well understood by those working 

in the field, for the first limit shown—the range “≥98.0%” (greater than or equal to “98.0%”)—

the POSA would understand there to be 3 significant figures, where the last significant digit is the 

“0” in the tenths decimal place, the last digit shown.  The zero after the decimal point is called a 

trailing zero.  This last significant digit (in this case, a trailing zero) is important to ascertaining 

whether values fall within this limit, because any value stated with one or more additional digits 

that rounds up to “98.0%” would be within the limit.  “97.95%” for instance contains one 

additional digit compared to “98.0%,” in the hundredths decimal place.  To compare “97.95%” to 

“≥98.0%,” the POSA would determine whether the additional digit is greater than or equal to 5, 

and if so add 1 to the preceding digit.  Here, 9 plus 1 is 10 and so “97.95%” rounds up to “98.0%” 

and would be within the limit.  However, in “97.92%,” the additional digit is 2, which is less than 

5, and does not round up, and thus “97.92%” is simply “97.9%” when compared to “98.0%” and 

is thus not within the limit “≥98.0%.”   
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24. As a comparison, in the limit range “≤0.02%” (less than or equal to “0.02%”), the 

POSA would understand that the leading zeros before the 2 are not significant.  Thus, only the last 

digit shown (“2”) is significant, and “0.02%” contains only one significant figure. “0.025%” 

contains an additional digit (“5”) that is greater than or equal to 5, and thus in comparing this value 

to “0.02%,” the preceding digit is rounded up to “0.03%” which is not less than or equal to “0.02%” 

and accordingly “0.025%” is not within the limit. 

IV. PATENTS-IN-SUIT 

A. Lipid Composition Patents 

25. I understand from counsel that the five Lipid Composition Patents belong to the 

same “family” in that all of them claim priority to U.S. Provisional Application No. 61/045,228 

filed April 15, 2008, and/or are direct or indirect continuations of U.S. Patent Application No. 

12/424,367, filed April 15, 2009, which was granted and issued as the ’069 patent.  

26. I further understand from counsel that the Lipid Composition Patents share a 

common specification based on their relationship as continuing applications but that the claims 

found at the end of each patent differ.  The following table summarizes the dates and application 

numbers associated with the Lipid Composition Patents: 

U.S. Patent No. Issue Date: U.S. Application No. Filing Date: 
 
  61/045,228 April 15, 2008 

8,058,069 
(“the ’069 patent) November 15, 2011 12/424,367 April 15, 2009 

8,492,359 
(“the ’359 patent) July 23, 2013 13/253,917 October 5, 2011 

8,822,668 
(“the ’668 patent) September 2, 2014 13/928,309 June 26, 2013 

9,364,435 
(“the ’435 patent) June 14, 2016 14/462,441 August 18, 2014 

11,141,378 
(“the ’378 patent) October 12, 2021 17/227,802 April 12, 2021 
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27. The Lipid Composition Patents provide for “novel, stable lipid particles comprising 

one or more active agents or therapeutic agents, methods of making the lipid particles, and methods 

of delivering and/or administering the lipid particles.”  ’069 patent,13 Abstract.  The Lipid 

Composition Patents in particular describe “stable nucleic acid-lipid particles (SNALP) that 

advantageously impart increased activity of the encapsulated nucleic acid (e.g., an interfering RNA 

such as siRNA) and improved tolerability of the formulations in vivo, resulting in a significant 

increase in the therapeutic index.”  ’069 patent, 5:51-56.   

28. Claim 1 of the ’069 patent, which is one of the claims reciting the disputed term, 

“mol % of the total lipid present in the particle,” is reproduced below: 

 

B. The ’651 Patent 

29. The ’651 patent is titled “Lipid Compositions for Nucleic Acid Delivery” and 

teaches “processes and apparatus for making lipid vesicles that optionally contain a therapeutic 

agent.”  ’651 patent, 2:12-14.  The ’651 patent was filed on June 13, 2014, and claims priority to 

U.S. Provisional Application No. 60/392,887 filed on June 28, 2002. 

                                                 
13 For convenience, I have generally only cited to one of the Lipid Composition Patents in referring 
to the shared specification, but my opinions regarding citations to that patent’s specification apply 
equally to all of the Lipid Composition Patents. 
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30. The ’651 patent discloses that the “invention can be used to form lipid vesicles that 

contain encapsulated plasmid DNA or small molecule drugs.”  Id. at 2:16-18.  The inventors of 

the patent discovered new ways to synthesize these vesicles, including with a device called a “T-

connector.” See ’651 patent, Figure 13.  The patent discloses that the inventors obtained vesicles 

with various beneficial properties, including the ability to encapsulate a surprisingly high 

percentage of the nucleic acid inside vesicles, thereby protecting the nucleic acid from degradation 

when the vesicles are administered to patients.  Id. at 15:19-56, 18:30-43.  The ’651 patent claims 

particular lipid compositions having those improved properties.  

31. Claims 1, 13, and 14 of the ’651 patent are reproduced below: 

 

 

 

V. LEGAL STANDARDS 

32. I understand from counsel that patent claim terms are generally given the plain and 

ordinary meaning that they would have had to the POSA as of the relevant date.  I have been asked 

to assume the relevant date of the Lipid Composition Patents to be April 15, 2008, and the relevant 

date of the ’651 patent to be June 28, 2002.  As I discuss above, my opinions in this declaration 

would not change if I were to assume a different date.  See supra § II & note 5.   
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33. I further understand from counsel that the plain and ordinary meaning of claim 

terms must be considered in the context of the entire patent claims in which they appear, as well 

as in the context of the other claims, the specification, and the prosecution or file history of the 

patent—that is, the complete record of the proceedings, filings, and communications exchanged 

between the patent applicant and the U.S. Patent & Trademark Office (“Patent Office” or “PTO”) 

during examination—taken as a whole.  I understand that the patent specification is the single best 

guide to the meaning of a claim term.  I further understand that the claims, specification, and the 

file history constitute the “intrinsic evidence” of the patent relevant to claim construction.   

34. I understand that an applicant may depart from the plain and ordinary meaning of 

a claim term in two instances.  First, an applicant may provide a definition in the specification that 

differs from the plain and ordinary meaning, in which case the inventor’s definition governs.  

However, I understand that any such definition must be clearly stated.  Second, an applicant may 

disclaim the full scope of a term, such that the invention must include or not include a particular 

feature.  I understand, however, that any such disclaimer must be clear and unmistakable in the 

specification and/or the prosecution history.   

35. In addition to the “intrinsic evidence” above, I understand that certain “extrinsic 

evidence,” such as expert and inventor testimony, dictionaries, and learned treatises, also may shed 

useful light on the relevant art and the way in which the POSA might use the claim term.  However, 

I further understand that such extrinsic evidence must always be considered in the context of the 

patent’s intrinsic evidence when determining the meaning of a claim term.  In particular, I 

understand that extrinsic evidence may not be used to contradict a claim meaning that is 

unambiguous in light of the intrinsic evidence. 
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VI. THE PERSON OF ORDINARY SKILL IN THE ART 

36. I understand that in IPR2018-00739, the Board adopted the following definition of 

the POSA with respect to the ’435 patent: 

Accordingly, we find in the record as a whole that a person of 
ordinary skill in the art would have specific experience with, and/or 
be generally familiar with, lipid particle formation and use in the 
context of delivering therapeutic payloads, and would have a Ph.D., 
an M.D., or a similar advanced degree in an allied field (e.g., 
biophysics, microbiology, biochemistry) or an equivalent 
combination of education and experience. 

37. I understand that the Board adopted the same definition in IPR2018-00554 with 

respect to the ’069 patent.  I further understand that the Board found me to possess at least the 

level of ordinary skill in the art under this definition, and I also note that I possessed the 

qualifications of the POSA as of any of the possible priority dates.  See supra § II.16 & note 5.  In 

this declaration, I have been asked to apply this definition and to explain the meaning of disputed 

terms to the POSA in the context of the specification and, where relevant, the file history.  The 

opinions expressed in this report are provided from the vantage point of the POSA.    

38. As I have discussed, I understand that the ’435 patent shares a common 

specification with the other Lipid Composition Patents, including the ’069 patent, and that 

Moderna previously applied this definition in the previous IPR proceedings.  For the purposes of 

this declaration, I have applied this definition of the POSA adopted by the Board with respect to 

both the Lipid Composition Patents and the ’651 patent.  My opinions in this declaration would 

not change if I were to adopt a slightly different definition of the POSA.  I reserve the  right to 

opine further on the POSA’s qualifications in light of any evidence offered by Moderna regarding 

the level of the ordinary skill in the art. 
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VII. CLAIM CONSTRUCTION 

A. Lipid Composition Patents: “mol % of the total lipid present in the particle”  

Plaintiffs’ Construction Moderna’s Construction 
Plain and ordinary meaning, i.e., “mol % of the 
total lipid present in the particle” 
 
The recited “mol %” ranges are understood to 
encompass their standard variation based on 
the number of significant figures recited in the 
claim. 

“__ mol % of the total lipid present in the 
finished lipid particle” 
 
Where the asserted claims do not recite “about 
__ mol %,” Moderna contends that the recited 
“__mol%” ranges are understood as the exact 
ranges recited in the claim. 

’069 Patent, Claims 1, 8, 15, 20, 21; ’359 Patent, Claims 1, 7, 9, 10, 11, 12, 13, 18, 19;  
’668 Patent, Claims 1, 8, 10, 15; ’435 Patent, Claims 1, 4, 7, 8;  

’378 Patent, Claims 1, 2, 7, 13, 18, 24, 25 
 

39. I understand that while Plaintiffs contend that the term “mol % of the total lipid 

present in the particle” recited in the claims of the Lipid Composition Patents should be construed 

in accordance with its plain and ordinary meaning, Moderna has proposed that the term instead be 

construed to mean “__ mol % of the total lipid present in the finished lipid particle,” which adds 

the words “finished” and “lipid” to the claim text.  Moderna also contends that the POSA would 

understand the recited mol % ranges “as the exact ranges recited in the claim.”  I understand that 

Moderna has clarified that “the exact ranges” referenced in its construction means that a value 

such as 49.999 mol % would not fall within the range of “from 50 mol % to 65 mol %” recited in 

claim 1 of the ’069 patent, for example.  For the reasons below, I disagree with both aspects of 

Moderna’s proposed construction.   

1. The meaning of “particle” in the context of the specification and file 
history is not limited to a “finished” particle, as Moderna uses the 
word “finished.” 

40. I understand that Moderna’s construction is similar to the one Plaintiffs proposed 

but adds the term “finished” to the construction.  I understand that Moderna has reasoned that the 

term “finished” must be read into the claims because, in their view, the asserted claims of the Lipid 

Composition Patents only encompass particles that are the “finished product,” or a “final nucleic 
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acid-lipid particle” that does not undergo any further manufacturing steps.  Moderna Invalidity 

Contentions at 137-39.  I disagree.  In my opinion, the POSA would understand that the claims 

encompass a nucleic acid-lipid particle without limitation as to when in the manufacturing process 

the particle is formed.   

41.  The term “particle” as used in the claims clearly refers to the “nucleic acid-lipid 

particle” set forth previously in the claim and described in the Lipid Composition Patents.  I 

understand that the PTAB has already construed “nucleic acid-lipid particle” as “a particle that 

comprises a nucleic acid and lipids, in which the nucleic acid may be encapsulated in the lipid 

portion of the particle.” ’435 Patent Final Written Decision, IPR2018-00739, Paper No. 51 at 13 

(P.T.A.B. Sept. 11, 2019).  I understand that neither party is presently contesting that construction.  

I note that entirely absent from that definition is any limitation that these particles be “finished,” 

as Moderna uses that term. 

42. The specification describes that “the lipid particles of the present invention” can be 

formed by any method including, but not limited to, a continuous mixing method or a direct 

dilution process.”  E.g., ’378 patent, 59:27-33.  For example, the specification teaches that “[b]y 

mixing [an] aqueous solution comprising a nucleic acid with the organic lipid solution, the organic 

lipid solution undergoes a continuous stepwise dilution in the presence of the buffer solution (i.e. 

aqueous solution) to produce a nucleic acid-lipid particle.”  Id. at 59:66-60:12.  The specification 

makes clear that nucleic acid lipid particles formed as a result of this process are particles that are 

embodiments within the scope of the claims.  The specification also discloses, however, additional 

embodiments for which “the methods will further comprise” additional processing to refine the 

particle.  Id. at 61:37-62:27.  These resulting particles, which have undergone subsequent 

processing after formation, are also disclosed to be within the scope of the claims.  Contrary to 
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Moderna’s proposed construction, the POSA would recognize that the specification does not 

include a limitation related to whether a particle will or will not undergo these post-formation 

modifications. 

43. The POSA reading the asserted claims of the Lipid Composition Patents would 

understand they cover nucleic acid-lipid particles without any restrictions on whether the particles 

will be subjected to any further manufacturing steps.  Neither “finished” nor any other language 

imposing such a restriction is present in any of the claims.  The POSA would understand the term 

“particle” as used in the claims to refer to any formed particle, irrespective of whether it was the 

particle in the final drug product or whether it would be subjected to additional manufacturing and 

processing steps, including those that can change the particle and its composition.   

44. The specification of the Lipid Composition Patents uses the term particle 

consistently with its ordinary meaning in the field.  In the context of the specification, the term 

“mol % of the total lipid present in the particle” is not limited by whether the nucleic acid-lipid 

particle is formed mid-way through manufacturing and subject to further processing or 

manufacturing steps, or at the end of the manufacturing process.  Particles that are formed at each 

of those stages are “particles” within the ordinary meaning of that term to the POSA in the context 

of the specification.  E.g., ’378 patent, 59:25-62:27. 

45. The POSA would recognize that the specification provides definitions of the 

nucleic acid-lipid particles recited in the claims.  E.g., ’378 patent, 11:42-12:8, 57:60-67, 59:25-

32.  The specification describes a “lipid particle” as a “lipid formulation that can be used to deliver 

an active agent or therapeutic agent, such as a nucleic acid.”  Id.  The specification explains that 

“stable nucleic acid-lipid particles” or “SNALPs” are within the scope of the invention, e.g., ’378 

patent, 12:8-10 (“The lipid particles of the invention (e.g., SNALP)”), and further defines a 
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SNALP as “a particle made from lipids (e.g., a cationic lipid, a non-cationic lipid, and a conjugated 

lipid that prevents aggregation of the particle), wherein the nucleic acid . . . is fully encapsulated 

within the lipid.”  Id. at 11:51-55.   

46. As discussed above, I understand that during the IPR of the ’435 patent, the PTAB 

adopted a definition of a “nucleic acid-lipid particle” consistent with that disclosed in the 

specification. ’435 Patent Final Written Decision, IPR2018-00739, Paper No. 51 at 13 (P.T.A.B. 

Sept. 11, 2019).  Consistent with the term’s ordinary meaning, these definitions lack any 

limitations as to how the particle is formed, when in the manufacturing process it is formed, or 

whether it is subjected to further processing.  Rather, the specification recites that the particles can 

be “formed by any method known in the art.”  ’378 patent, 59:25-32.  The POSA would understand 

the claims at issue in the Lipid Composition Patents are product claims that do not require any 

particular manufacturing process or that any manufacturing process be completed in order to 

constitute a “particle” within the meaning of the claims.  Therefore, the claimed particle need not 

be “finished” in the sense that Moderna uses that word, as not being subject to further processing.  

The claimed “particle” need only be “formed,” and until it is, there is no particle.   

47. Moderna’s use of the term “finished” is not synonymous with the term “formed” 

used in the specification’s definition.  Rather, Moderna’s use of “finished” adds a temporal 

limitation to the claims because, under its construction, only the last-in-time particle of a 

manufacturing process would be within the scope of the claims.  That interpretation is contrary to 

the ordinary meaning of particle in the field, in the context of the specification.  The POSA would 

recognize that the specification expressly discloses embodiments that contravene Moderna’s 

interpretation and teaches that particles within the claims can be modified and subject to further 

processing, “if needed.” Id. at 61:4-62:27.  Whether those further processing steps are performed 
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does not affect whether the particle, before further processing, is a “particle” within the meaning 

of the claim; it plainly is, per the specification’s disclosures.  The specification’s embodiments 

would inform the POSA and confirm that the patent claims, in referring to a particle, do not require 

a “finished” particle (as I understand Moderna uses that term to refer to a particle not subject to 

further manufacturing steps), but rather just a formed particle.   

48. As I discussed above, the specification describes several manufacturing methods 

for producing the “lipid particles of the claimed invention,” including by a “continuous mixing 

method” or by a “direct dilution process.”  Id. at 59:27-65.  The patent discloses that the “SNALP 

formed” by these processes can have particular properties and are within the claims.  Id. at 59:66-

61:4.  The use of the term SNALP to refer to these structures confirms clearly that they are 

particles; in the SNALP acronym, the “P” stands for “particle,” the precise word used in the claim.  

E.g., id. at 11:51-55 (“As used herein, the term ‘SNALP’ refers to a stable nucleic acid-lipid 

particle.”).  The specification then teaches that “if needed,” these particles can undergo further 

processing like homogenization, sonication, or extrusion.  Id. at 61:4-62:27.  Homogenization is a 

technique for sizing particles wherein an initial heterodisperse liposome preparation is pumped 

under high pressure through a small orifice or reaction chamber until a desired average size of 

liposome particles is achieved. U.S. Patent No. 4,737,323 (issued Apr. 12, 1988) at 1:44-2:44.  

Sonication is another technique for sizing particles and can be done using probe tips to deliver 

high energy input to the lipid suspension in order to break particles apart.  Id.  Extrusion is a 

technique in which a lipid suspension is forced through a polycarbonate filter with a defined pore 

size to yield particles of a desired size.  These processes can result in new particles that may have 

lipid molar ratios that are different from the particles prior to these processes.  E.g., ’378 patent, 

61:16-18 (“Homogenization is another method which relies on shearing energy to fragment larger 
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particles into smaller ones.”).  Consistent with these teachings, the POSA would understand that 

particles formed before any such further processing, as well as particles resulting from these 

additional manufacturing steps, are both identified as SNALPs—“particles”—and are thus within 

the scope of the term “particle” in the claims (of course, the particles must meet the claims’ 

additional limitations to fall within the scope of the claims as a whole).   

49. As an additional example, the specification discloses methods for forming 

“SNALP-CPLs.”  E.g., ’378 patent, 62:8-62:27.  SNALP-CPLs are described as “lipid particles of 

the invention” that contain cationic polymer lipid conjugates, or “CPLs.”  Id. at 22:28-46.  The 

specification teaches that the POSA can create these particles by either using the “standard” 

technique—wherein “the CPL is included in the lipid mixture during, for example, the SNALP 

formation steps,” or the “post-insertion” technique—which is “insertion of a CPL into, for 

example, a pre-formed SNALP.”  Id. at 62:8-27.  In the “post-insertion” technique, a SNALP (a 

“particle”) is formed, and then it is subjected to a further manufacturing process—called the “post-

insertion” technique, in which a CPL is inserted “into . . . a pre-formed SNALP,” resulting in a 

different SNALP.  Id.  In other words, the specification expressly teaches that “the lipid particles 

of the invention” “may comprise” this additional lipid, and refers to the particles before the 

insertion of this additional lipid as “SNALPs” within the scope of the claims.  Id. at 22:28-46, 

62:8-27.  Likewise, the specification teaches that the resulting “SNALP-CPLs,” which may have 

altered lipid ratios following the insertion of the additional lipid, is equally within the scope of the 

claims.  Under Moderna’s construction, however, only one of these categories of particles—those 

that did not undergo subsequent processing—would be encompassed by the claims’ use of the 

word “particle.”  

50. The specification also explains that certain methods of the invention may include 
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“adding non-lipid polycations which are useful to effect the lipofection of cells using the present 

compositions,” and that “[a]ddition of these salts is preferably after the particles have been 

formed.” ’378 patent, 61:38-47.  Under Moderna’s construction, however, these pre-addition 

particles would be outside the scope of the claims, even though they are explicitly referred to as 

“particles” by the specification. 

51. There is nothing in the specification that would suggest to the POSA that the term 

“finished” (as Moderna uses it to require that a particle is not subject to further manufacturing 

steps, as opposed to synonymously with “formed”) should be read into the claims.  The word 

“finished” never modifies “lipid particles” anywhere in the specification.  That term is used only 

in the context of the “Finished Product Characterization” in Tables 2, 4, 6, and 7.  There, the POSA 

would understand that the term “finished” is used to distinguish the starting materials and the 

formed particles, consistent with other disclosures in the specification drawing a similar 

distinction.  ’378 patent, 25:55-59, 61:48-62:8 (distinguishing “nucleic acid to lipid ratios . . . in a 

formed SNALP” from “ratio of the starting materials”), 70:32-43. That is also consistent with the 

understanding in the field, since the manufacturing process can result in a deviation in the lipid 

ratios of the formed particles as compared to the ratio of the starting material inputs. The POSA 

would understand that the claims do not encompass the lipid starting materials—they are not a 

“particle” that has been formed.   

52. Regardless of what “finished” means in the tables, the term “particle” in the claim 

is not limited to a particle that is not subject to further manufacturing steps.  Neither the inclusion 

of the term “finished” nor anything else in the specification would lead the POSA to conclude that 

the claims are limited to lipid particles that undergo no subsequent manufacturing steps and 

somehow exclude formed “particles” that are further modified or processed.  Such an interpretation 
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is contrary to the POSA’s understanding of the plain meaning of the term “particle” and the clear 

disclosure of the specification, which deems structures to be “particles” once they are formed, even 

if they undergo further manufacturing or processing.  E.g., ’378 patent, 22:28-46, 61:4-62:27. 

53. I understand that Moderna has cited statements made by Plaintiffs and by me as an 

expert during the IPR of the ’435 patent, as well as the appeal that followed, as support for reading 

into the claim language a requirement that the particle not be subject to further manufacturing 

steps.  As I stated above, I submitted a declaration in those proceedings in which I provided expert 

opinions on the patentability of the claims of the ’435 patent in view of the asserted grounds and 

the cited prior art.  In particular, I responded to Moderna’s claim that a patent publication (US 

2006/0240554 or the “’554 publication”) anticipated the challenged claims in view of its disclosure 

of a formulation termed L054.  I opined that the ’554 publication failed to anticipate the challenged 

claims in part because “[t]he L054 lipid formulation identified in Table 4 of the ’554 publication 

is a listing of lipid components or mixture of lipids used to form particles, not a nucleic acid-lipid 

particle as claimed.”  IPR2018-00739, Exhibit No. 2009 (“Thompson ’435 IPR Decl.”) ¶ 110.  I 

have excerpted the relevant portion of Table 4 from the ’554 publication below: 

 

The L054 lipid formulation identified in Table 4 of the ’554 publication is a listing of lipid 

components or mixture of lipids used to form particles—the input starting materials—not a nucleic 

acid-lipid particle as claimed in the Lipid Composition Patents.  There is no disclosure in the ’554 

publication regarding the composition of particles generated or formed using the L054 
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formulation.  In distinguishing the ’435 patent claims from the prior art, I distinguished the 

“claimed” “particle” from “components or mixture of lipids used to form particles”—in other 

words, the difference between the formed particle and the starting materials used to form it. Id.  

54. Further explaining this distinction, I noted that Moderna’s argument “confuse[d] 

the composition of the input formulation (i.e., lipids of Table 4 [of the asserted prior art ‘554 

publication]) with something different—i.e., the output formulation (i.e. lipid particles)” and that 

Moderna’s anticipation argument necessarily failed because “there is no disclosure in the ’554 

publication regarding the composition of particles generated using the L054 formulation.”  

Thompson ’435 IPR Decl. ¶ 110.  As I explained, “[t]his is an important distinction because a 

person of ordinary skill in the art would not assume that the composition of a lipid particle will be 

exactly the same as the composition of the lipid formulation utilized as a mixture of lipids to make 

the particles.”  Id.  I also noted that both the ’435 patent and the ’554 publication presented data 

that “input and output formulations are not identical” and that “the lipid to drug ratio (i.e., lipid to 

nucleic acid ratio) calculated from the input components is not identical to that of the finished 

product.”  Id. ¶ 111.  As such, I discussed that “[t]esting of the finished particle composition is 

necessary to account for variations in the molar fractions of the lipid components in the starting 

lipid formulation compared to the molar fractions of the lipid components in the resulting 

particles.”  Id. ¶ 110. 

55. As is evident from this discussion, my IPR declaration, and Plaintiffs’ materials 

that cite my declaration, I used the term “finished product” to refer to a nucleic acid-lipid particle 

that was actually formed, as distinguished from the starting materials used to form it.  As I 

discussed above, that is consistent with the use of the term “finished” in the context of the patent 

specification and in the field more generally.  The final product administered to patients, at the end 
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of the manufacturing process, is indeed a particle within the scope of the claim.  But so too are 

particles formed during the manufacturing process that are subject to further manufacturing or 

processing steps; those particles are likewise formed or finished particles, as distinguished from 

starting materials that can have a different lipid composition and ratio.  My statements during the 

IPR distinguished starting materials from formed particles; they did not suggest that the nucleic 

acid-lipid particle must be free from any additional processing in order to fall within the scope of 

the claims, and I disagree with Moderna’s contention that the claims contain such a limitation.  

2. The POSA would interpret the claimed mol % ranges using 
significant figures and rounding. 

56. As I discuss above, significant figures and rounding are standard scientific 

conventions that the POSA would have been aware of and would have applied in interpreting the 

claims of the Lipid Composition Patents.  With respect to the recited mol % ranges, the POSA 

would have known that lipid concentrations could be experimentally determined, for example, 

using high-performance liquid chromatography (“HPLC”).  See, e.g., Tam 200014 at 1872 (“The 

final lipid concentration was determined by HPLC analysis.”); Heyes 200615 at 282, 284 (“To 

ascertain lipid stability, we studied lipid concentrations over time in SPLP samples stored at 

different temperatures.  Formulations . . . were examined by HPLC for degradation at 5, 25 and 40 

°C.”).  Accordingly, the POSA would have known that mol % values, as with measured values 

more generally in the field, are subject to numerical uncertainty, and would have interpreted the 

claimed mol % ranges, in the context of the patent specification, using the standard convention of 

significant figures and rounding.  See supra § III.B. 

                                                 
14  P. Tam et al., Stabilized plasmid-lipid particles for systemic gene therapy, Gene Therapy, vol. 
7, pp. 1867-74 (2000) (“Tam 2000”). 
15 J. Heyes et al., Synthesis and characterization of novel poly(ethylene glycol)-lipid conjugates 
suitable for use in drug delivery, Journal of Controlled Release, vol. 112, pp. 280-90 (2006) 
(“Heyes 2006”). 
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57. The intrinsic evidence establishes that the POSA would have understood the 

inventors to have expressed the claimed mol % ranges using significant figures.  In particular, the 

specification shows that the inventors used significant figures to express mol % with varying 

precision, consistent with how significant figures are used and applied in the field.  Table 2 of the 

specification, for instance, lists mol % values for different compositions in terms of a ratio of the 

PEG-lipid PEG(2000)-C-DMA to cationic lipid DLinDMA to phospholipid DPPC to cholesterol.  

Several examples in Table 2 state mol % for each of the lipid components with no digits in the 

tenths position, but others include values where the inventors used digits, including trailing zeros, 

to indicate precision to tenths.  That distinction is a clear indication that the inventors, consistent 

with standard convention, used significant digits to convey the degree of precision and rounding 

to apply to the percentages of lipids in the claimed particles.  The use of trailing zeros (shown 

below as zeros after the last non-zero digit following a decimal point) in particular further confirms 

to the POSA that the inventors were aware of and used significant figures to express mol % values 

with different degrees of precision.  I have highlighted these trailing zeros in Table 2 below:   

 

’069 patent, 69:24-45.   
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58. Table 4 similarly reflects the inventors’ use of trailing zeros and significant digits 

to state mol % values with different degrees of precision:  

 

’069 patent, 71:24-53.   

59. Simply put, there is no reason to use numbers like “40” (in the first example in the 

table) and then numbers like 60.0 (in group number 10), other than to convey that the latter has 

more significant digits for rounding purposes than the former.  Were the inventors not applying 

significant digits, they would have reported the values in the same way, such as 40 and 60; the 

POSA would have understood the specification to use significant figures and rounding in 

accordance with their usual convention.  The specification clearly conveys the number of 

significant digits used with each reported value, and the POSA would have credited that disclosure 

in interpreting the values in the claims. 
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60. The plain and ordinary meaning of the mol % ranges recited in the claims of the 

Lipid Composition Patents thus would be interpreted by the POSA using the ordinary rules of 

significant figures and rounding.  Illustratively, claim 1 of the ’069 patent recites “a cationic lipid 

comprising from 50 mol % to 65 mol %.”  ’069 patent, 91:26-27.  The lower endpoint of the range 

“50 mol %” is “significant to the last digit shown,” USP 23 at 3, and thus contains two significant 

figures and has precision (or is significant to) to the units place.  A value of “49.4 mol %” has an 

additional significant figure (“.4”) compared to “50 mol %.”  “[T]his digit is smaller than 5,” and 

thus “it is eliminated and the preceding digit is unchanged,” leaving the rounded value for 

comparison “49 mol %.”  A value of “49.5 mol %” also contains an additional significant figure 

(“.5”) but it “equals 5,” and so “the 5 is eliminated and preceding digits is increased by 1, leading 

to a rounded value of “50 mol %.”  Thus, under the ordinary rules of rounding, “50 mol %” would 

be understood by the POSA to encompass values of 49.5 mol % or higher.  The following table 

summarizes this analysis with respect to the mol % ranges in claim 1 of the ’069 patent.16   

’069 Patent, Claim 1 Recited Range Lower Limit Upper Limit 
Cationic Lipid “50 mol % to 65 mol %” 49.5 mol % 65.4 mol % 
Phospholipid “4 mol % to 10 mol %” 3.5 mol % 10.4 mol % 
Cholesterol “30 mol % to 40 mol %” 29.5 mol % 40.4 mol % 

Conjugated Lipid “0.5 mol % to 2 mol %” 0.45 mol % 2.4 mol % 
 

61. Moderna’s approach, in contrast, requires “50 mol %” to be read quite differently 

than this plain and ordinary meaning.  I understand from counsel that under Moderna’s 

interpretation of the “exact ranges” set forth in its construction, a value of “49.999 mol %” would 

not fall within the claimed range of “from 50 mol % to 65 mol %.”  Moderna contends that any 

                                                 
16 Counterfactually, if “50.0 mol %” were recited instead of “50 mol %,” then “49.5 mol % has 
the same precision as “50.0 mol %” and does not round.  Instead, following the same protocol 
above, see supra § III.B, the value “49.95 mol % would round up to “50.0 mol %” and the value 
“49.94 %” would round to “49.9 mol %.”    
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value numerically less than “50” falls would fall outside this range, thereby rewriting “50 mol %” 

instead to have an infinite number of trailing zeros after the decimal point.  This may be denoted, 

by standard convention, with a horizontal bar over the trailing zero in 50.0.  No such denotation 

or other indication of infinite precision is present in the claims.      

62. I disagree with Moderna’s construction.  Based on my review of the specification 

and prosecution history, there is no support for reading in additional precision into the claimed 

mol % values.  The specification in fact reflects, to the contrary, that the inventors described mol 

% values with the precision reflected in the claims; when more precision was intended, additional 

significant figures were used.  I have discussed Tables 2 and 4 above, and note additionally the 

formulations with “2” mol % conjugated lipid, “40” mol % cationic lipid, “10” mol % 

phospholipid, and “48” mol % cholesterol.  See ’069 patent, 69:24-45 (Table 2, Sample Nos. 1 and 

16), 71:24-53 (Table 4, Groups 2, 4, 5, 7, 13).  The specification also provides a general description 

of the mol % ranges for the lipid components that reflects consistent precision.  For instance, the 

specification states that  

In some embodiments, the cationic lipid may comprise from about 
50 mol % to about 90 mol %, from about 50 mol % to about 85 mol 
%, from about 50 mol % to about 80 mol %, from about 50 mol % 
to about 75 mol %, from about 50 mol % to about 70 mol %, from 
about 50 mol % to about 65 mol %, or from about 50 mol % to about 
60 mol % of the total lipid present in the particle.  

’069 patent, 18:40-46.  This illustrative excerpt shows that the inventors found it perfectly 

acceptable to use two significant figures to describe the mol % of cationic lipid; I am not aware of 

any disclosure in the specification that supports reading “50 mol %” as “50.0 mol %,” or “50.000 

mol %” or with infinite trailing zeros after the decimal as I understand Moderna to contend.   

JA00435

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 442 of 695 PageID #: 7233



 

31 

63. Similarly, in describing the mol % of the conjugated lipid, the specification states: 

In certain instances, the conjugated lipid that inhibits aggregation of 
particles (e.g., PEG-lipid conjugate) may comprise from about 0.1 
mol % to about 2 mol %, from about 0.5 mol % to about 2 mol %, 
from about 1 mol % to about 2 mol %, from about 0.6 mol % to 
about 1.9 mol %, from about 0.7 mol % to about 1.8 mol %, from 
about 0.8 mol % to about 1.7 mol %, from about 1 mol % to about 
1.8 mol %, from about 1.2 mol % to about 1.8 mol %, from about 
1.2 mol % to about 1.7 mol %, from about 1.3 mol % to about 1.6 
mol %, from about 1.4 mol % to about 1.5 mol %, or about 1, 1.1, 
1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2 mol % (or any fraction 
thereof or range therein) of the total lipid present in the particle. 

’069 patent, 22:30-42.  Here too, the specification reinforces that when the inventors recited the 

value “2 mol %” or “1.5 mol %” for the conjugated lipid, that was the precision they intended.  

Notably, “2 mol %” would encompass “1.5 mol %” to “2.4 mol %,” but “1.5 mol %” would 

encompass “1.45 mol %” to “1.54 mol %” which is a distinct (if overlapping) range.   

64. Moreover, I am not aware of any established convention in the field requiring mol 

percentages to be expressed with more precision than what the inventors provided in the claims 

and specification.  Nor am I aware of any data or statements in the specification, prosecution 

history, or otherwise, establishing, for example, that a particle with “50 mol %” cationic lipid 

versus one with “49.9 mol %” cationic to be a critical difference between them.   

65. Finally, I understand that Moderna’s construction relies on the absence of the term 

“about” in the claims where the disputed “mol % of the total lipid present in the particle” terms 

appears.  The absence of “about” or other terms of approximation in the claims does not change 

my opinion that the POSA would read the claimed mol % ranges in accordance with the standard 

scientific convention of significant figures and rounding.  As I explain above, see supra § III.B, 

rounding based on significant figures is not a matter of approximation or variance; it is the way 

that numbers are expressed and interpreted when measurement or some other experimental 

imprecision applies, which is the case here.   
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66. Moreover, in this case, I understand that the patentee amended the claims to remove 

the term “comprising about” from then-pending claims based on the Examiner’s construction of 

“comprising about” to mean “an amount +/- 10, 20, 30 mol % of a lipid component.”  See ’069 

File History, Jan. 31, 2011 Reply to Office Action; ’069 File History, May 12, 2011 Non-Final 

Rejection; ’069 File History, Aug. 11, 2011 Reply to Office Action.  The POSA would recognize 

the file history to use the term “comprising about” to refer not to significant figures and rounding—

the Examiner plainly provided a different understanding.  Thus, the POSA viewing the file history 

would understand that the removal of “comprising about” does not reflect that the inventors 

intended to exclude rounding from the claims.  There is no indication, or any “clear and 

unmistakable” statement, that in removing the term “comprising about” from the claims, the 

applicant sought to depart from the standard convention of significant figures and rounding or to 

impose the infinite precision that Moderna proposes to read into the claim.   

67. In particular, I understand that during prosecution of the ’069 patent, claim 1 

submitted by the applicant originally recited mol % ranges using “about”: 

 

’069 File History, Jan. 31, 2011 Reply to Office Action at 2. 
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68. The Examiner rejected then-pending claim 1 of the ’069 patent as allegedly 

anticipated by U.S. Patent Application Publication No. 2006/0008910 (published Jan. 12, 2006) 

(“MacLachlan ’910”).  In making this rejection, however, the Examiner stated:  

 

’069 File History, May 12, 2011 Non-Final Rejection at 2.   

69. The applicant responded by amending claim 1 to remove the word “about”: 

 

’069 File History, Aug. 11, 2011 Reply to Office Action at 2.   
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70. The applicant further explained that these amended claims not including “about”—

and therefore not susceptible to the Examiner’s expansive interpretation of “about” to mean “+/- 

10, 20, 30 mol % of a lipid component”—were not anticipated by the broad ranges disclosed by 

MacLachlan ’910 because the reference did not teach the claimed ranges with “sufficient 

specificity.”  ’069 File History, Aug. 11, 2011 Reply to Office Action at 6.  The Examiner 

subsequently allowed the claims to issue as the ’069 patent.  ’069 File History, Sept. 12, 2011 

Notice of Allowance. 

71. The POSA reading the file history of the Lipid Composition Patents would 

therefore not understand the applicant’s amendment to have disclaimed the application of 

significant figures and rounding to the claims.  Rather, the prosecution history shows that the 

Examiner construed “about” to mean “+/- 10, 20, 30 mol %,” and the applicant’s amendment 

addressed that construction.  The prosecution history of the Lipid Composition Patents thus makes 

clear that the meaning of “about” as “+/- 10, 20, 30 mol %” is unconnected to whether the POSA 

would have interpreted the claimed mol % ranges using the ordinary rules of significant figures 

and rounding.  The prosecution history does not at all support that the applicant intended the 

claimed ranges to be infinitely precise under Moderna’s position that ranges would be understood 

to be “exact.”  I therefore disagree with Moderna’s construction.   

B. The ’651 Patent: “wherein at least 70% / at least 80% / about 90% of the 
mRNA in the formulation is fully encapsulated in the lipid vesicles” 

Plaintiffs’ Construction Moderna’s Construction 
“wherein at least 70% / at least 80% / about 
90% of the mRNA in the formulation is 
contained inside the lipid vesicles” 

“fully, as distinct from partially, encapsulated” 

’651 Patent, Claims 1, 13, 14 

72. I understand that Moderna has argued that the phrase “fully encapsulated” as used 

in claims 1, 13, and 14 of the ’651 patent should be construed as “fully, as distinct from partially, 
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encapsulated.”  I disagree.  In my opinion, the POSA would have understood the term “fully 

encapsulated” within the context of the full claim limitations in which it appears: “wherein at least 

70% / at least 80% / about 90% of the mRNA in the formulation is fully encapsulated in the lipid 

vesicles.”  Taking into account this context and the claims and specification as a whole, the POSA 

would have understood the whole claim limitation to mean “wherein at least 70% / at least 80% / 

about 90% of the mRNA in the formulation is contained inside the lipid vesicles.” 

73. In my opinion, the POSA reading the claim limitation “wherein at least 70% / at 

least 80% / about 90% of the mRNA in the formulation is fully encapsulated in the lipid vesicles” 

would have understood that the full claim term at issue delineates (1) the proportion of mRNA 

encapsulated in lipid vesicles (at least 70% / 80% or about 90%), and (2) the location of the mRNA 

in the vesicles (the mRNA must be contained inside the vesicles). 

74. Regarding the first point above, the POSA reviewing the plain language of claims 

1, 13, and 14 of the ’651 patent would have understood that numerical references to at least 70% / 

at least 80% / about 90% to refer to the proportion of mRNA encapsulated by lipid vesicles—this 

value is typically referred to in the field as “encapsulation efficiency.” 

75. At the time of the invention, encapsulation efficiency was a standard measurement 

for assessing the properties of a lipid vesicle.  The encapsulation efficiency of a lipid vesicle 

formulation refers to the measurement of the total percent of nucleic acid that is encapsulated by 

lipid vesicles, as a proportion of the total amount of nucleic acid in the composition.   

76. As explained above and further below, this encapsulation or protection of nucleic 

acid can occur, for example, “within a relatively disordered lipid mixture,” ’651 patent, 5:35-37, 

where the nucleic acid is present outside the lipids and encapsulated in a complex web of lipids.  

See supra § III.A.  Alternatively, this encapsulation or protection can occur where the nucleic acid 
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is contained inside a lipid vesicle.  This distinction is addressed in further detail below.      

77. A standard method of measuring this encapsulation efficiency was conducting an 

assay utilizing a dye that fluoresces when it binds to nucleic acid.  The intrinsic evidence confirms 

that the POSA would have recognized the applicability of this assay.  

78. Initially, the POSA would have recognized the various disclosures of encapsulation 

percentages in the specification as reporting encapsulation efficiency.  The written description of 

the invention frequently refers to the improved encapsulation efficiency of the invention.  For 

example, the specification discloses that “[a]dvantageously, and surprisingly, the processes and 

apparatus for mixing of the lipid solution and the aqueous solution as taught herein provides for 

encapsulation of therapeutic agent in the formed liposome substantially coincident with liposome 

formation with an encapsulation efficiency of up to about 90%.”  ’651 patent, 8:5-10, 12:64-13:1.   

79. Separately, the written description of the invention discloses numerous 

measurements of encapsulation efficiency that correspond to the percentages included in claims 1, 

13, and 14 of the ’651 patent (“at least 70%,” “at least 80%,” and “about 90%”).  For example, the 

patent discloses that “[i]n certain aspects, the initial therapeutic product encapsulation efficiency 

is as high as about 90%.”  ’651 patent, 2:51-54.  This corresponds to the percentage included in 

claim 14 (“wherein about 90% of the mRNA in the formulation is fully encapsulated”).  The patent 

also discloses a preference for “70-95% plasmid DNA (“pDNA) encapsulation after mixing, and 

ethanol removal steps.”  Id. at 12:59-61.  This corresponds to the claimed percentages in claims 1, 

13, and 14.  The specification further discloses 70-80% rates of encapsulation, id. at 9:24-26, 36-

38, which correspond with claims 1 and 13; “77-90% DNA encapsulation” rates, id. at 15:32-33, 

which corresponds with the percentages in claims 1, 13, and 14; and that “the SPLP formed 

according to the processes of the present invention had 85% DNA encapsulation,” id. at 18:40-42, 
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which corresponds at least to the claimed percentage in claim 13. 

80. Further, the figures in the ’651 patent, which show measurements of encapsulation 

percentages, would further inform the POSA’s understanding of the claims.  For example, Figures 

5, 6, 7, and 8 show measures of “DNA Encapsulation (%)” or “% Encapsulation” as various aspects 

of the processes disclosed in the specification are modulated, including the ethanol concentration 

of the initial lipid solution (Fig. 5), the pH of initial plasmid solution and the buffer solution (Figs. 

6 & 7), and the concentration of salt (NaCl) after dilution (Fig. 8).  See ’651 patent, 3:17-29.  The 

POSA reviewing these figures and their descriptions would understand that this encapsulation 

percent is referring to encapsulation efficiency, as measured by a standard assay, such as a 

fluorescence assay.   

81. When reading the claims in light of the written description and the figures in the 

specification, including the emphasis on the invention’s advance in leading to improved 

encapsulation efficiencies, the inclusion of disclosures of specific percentages of encapsulation 

efficiency that are tied to the specific claimed percentages of fully encapsulated mRNA, and the 

figures in the specification, the POSA would understand the numerical values in the percentage 

terms to refer to encapsulation efficiency percentages. 

82. Reviewing the file history would provide further confirmation to the POSA that the 

percent fully encapsulated referred to encapsulation efficiency.  During prosecution, a third-party 

submitted a declaration to the Examiner contending that WO 98/51278 (published Nov. 19, 1998) 

(“Semple”) disclosed a process for preparing “[l]ipid vesicles, such as liposomes or lipid-nucleic 

acid particles, fully encapsulating nucleic acids.”  ’651 File History, Jan. 5, 2015 Third Party 

Submission at 10.  Semple reports the use of a “fluorescent dye binding assay” to assess 

encapsulation efficiency.  Semple at 36:1-4.  Using that assay, Semple reports encapsulation 
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efficiencies of greater than 50%.  Id. at 13:24-29.  The Examiner then rejected all the claims in the 

application over Semple, which the Examiner argued taught lipid vesicles, specifically lipid-

nucleic acid particles and liposomes, “which comprise mRNA, [and the specific lipid components 

claimed in the ’651 patent], wherein the nucleic acids are enclosed by the lipid vesicle (i.e., 

protected from degradation).”  ’651 File History, Feb. 13, 2015 Non-Final Rejection at 10. 

83. The applicant then responded by arguing that “the method described in Semple et 

al. for preparing liposomes is not able to produce the population of smaller lipid vesicles of the 

present invention with high mRNA encapsulation efficiency that is desirable for in vivo and 

clinical applications.”  ’651 File History, May 12, 2015 Response at 5.   

84. The Examiner then issued a Final Rejection, arguing that the rejection was not 

overcome by the applicant’s statements or the accompanying declaration from Dr. Heyes, in part 

because even though the applicant argued “that the encapsulation of the mRNA using the method 

of Semple is not as effective and/or does not show the high mRNA encapsulation which is desired 

in the instant invention, . . . the features upon which applicant relies (i.e., encapsulation efficiency 

and lower PDI) are not recited in the rejected claim(s).”  ’651 File History, June 19, 2015 Final 

Rejection at 14. 

85. The applicant then filed a Request for Continued Examination (“RCE”), along with 

amendments to the claims to include the limitations “wherein at least 50% / at least 70% / at least 

80% / about 90% of the mRNA in the formulation is fully encapsulated in the lipid vesicles.”  ’651 

File History, June 19, 2015 RCE at 2-3.  The applicant made these amendments to overcome the 

Examiner’s rejections over Semple.  Id. at 8 (“[T]he Examiner notes that this feature of 

encapsulation efficiency is not recited in the rejected claims. In an earnest effort to advance 

prosecution, but without acquiescing on the merits of the present rejections, Applicants have 
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amended claim 1 to recite a lipid vesicle formulation wherein at least 50% of the mRNA in the 

formulation is fully encapsulated in the lipid vesicles.”).   

86. The applicant described the limitations at issue, numerous times, as limitations on 

the encapsulation efficiency of the lipid vesicles of the claims and noted that the claimed 

encapsulation efficiency was greater than the encapsulation efficiency produced by the methods 

of Semple.  E.g., id. at 7 (“Heyes Declaration clearly shows that the method described in Semple 

et al. for preparing liposomes containing antisense oligonucleotide is not suitable for producing 

the population of lipid vesicles with an mRNA encapsulation efficiency as presently claimed.); id. 

at 8 (“the method of Semple et al. for preparing liposomes containing antisense oligonucleotide is 

not suitable for producing the population of lipid vesicles with an mRNA encapsulation efficiency 

as presently claimed”); id. (“the very low encapsulation efficiency associated with the method 

described in Semple et al. is well below the minimum mRNA encapsulation efficiency required in 

the presently claimed formulations.”); id. at 9 (“Applicants have provided sufficient objective 

evidence in the Heyes Declaration to demonstrate that the method described in Semple et al. for 

preparing liposomes is simply not suitable for producing the population of lipid vesicles with an 

mRNA encapsulation efficiency as presently claimed.”). 

87. The Examiner then found that “Applicant’s amendments to the claims, filed 

8/18/15, have rendered the previous 103 rejections moot.”  ’651 File History, Oct. 9, 2015 Non-

Final Rejection at 8.  However, the Examiner found that a different reference, U.S. Patent No. 

6,734,171 (“Saravolac”) taught processes for forming liposomes and lipid-nucleic acid particles, 

“wherein the encapsulation efficiency of the mRNA in the vesicles is about 80% and can even 

approach 90% which reads upon the instantly claimed at least 70%, more specifically at least 80%, 

and about 90%.”  Id. at 7.  In other words, just as the applicant had equated the amendments to the 
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claims to include the percent fully encapsulated limitations with a measurement of encapsulation 

efficiency, the Examiner also understood the limitations of the amended claims to refer to 

encapsulation efficiency.   

88. To overcome the Examiner’s rejections, the applicant submitted further responses 

and declarations from Dr. Heyes, detailing that the process disclosed in Saravolac would not 

produce a lipid vesicle fully encapsulating mRNA with the claimed encapsulation efficiencies.  

’651 File History, Dec. 14, 2015 Response at 4-7; ’651 File History May 19, 2016 Response at 4-

7.  Saravolac disclosed encapsulation of DNA plasmid, but not a process for the encapsulation of 

mRNA.  Id.  Again, the applicant and Dr. Heyes equated numerous times the claimed limitations 

for the percent fully encapsulated with measures of encapsulation efficiencies.  ’651 File History, 

Dec. 14, 2015 Response at 4-7; ’651 File History, Dec. 14, 2015 Heyes Decl. at 2-5; ’651 File 

History, May 19, 2016 Response at 4-7; ’651 File History, May 19, 2016, Heyes Decl. at 2-5. 

89. The Examiner ultimately found that the applicant’s remarks and Dr. Heyes’s 

affidavits overcame the rejections based on Saravolac, specifically, because the applicant 

demonstrated that “Saravolac does not encapsulate mRNA with the same efficiency as other 

nucleic acids and as such does not function as effectively the claimed lipid vesicles which 

applicants have demonstrated do effectively encapsulate mRNA with efficiencies of greater than 

70%.”  ’651 File History, Oct. 3, 2016 Non-Final Rejection at 6. 

90. Subsequently, the Examiner issued a Notice of Allowance (“NOA”), providing as 

a reason for allowance that “applicants have been able to demonstrate that their method of making 

liposomes allows for liposomes which more effectively encapsulate mRNA over the 

methods/liposomes of the prior art and have shown this effective encapsulation through the 

submission of several declarations under 1.132.  No further art was found which had these high 
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encapsulation efficiencies of mRNA.”  ’651 File History, Oct. 19, 2016 NOA at 2.  Reviewing this 

prosecution history—including the consistent understanding of the claim limitation shared by the 

Examiner, the applicant, and Dr. Heyes—would confirm for the POSA that the numerical values 

in the percent fully encapsulated terms refer to encapsulation efficiency percentages.  

91. Technical literature further confirms that the POSA would have known how to 

measure encapsulation efficiency with a fluorescent dye and would have understood the percent 

fully encapsulated term as referring to encapsulation efficiency.  First, a specified amount of the 

dye would be added to a formulation of the lipid vesicles.  The dye that is added to the formulation 

is lipid impermeable—that is, it cannot pass through a lipid barrier—and thus it cannot access or 

bind to nucleic acid that is encapsulated by the lipid and only binds to nucleic acid that is not 

encapsulated by the lipid.  After adding the dye, the POSA would then measure the formulation’s 

fluorescence intensity.  Subsequently, a detergent is added to the formulation to break down the 

lipid barrier, which releases the encapsulated nucleic acid (which the dye, before the detergent was 

added, could not reach), and the fluorescence intensity is again measured.  The second 

measurement identifies all of the nucleic acid that was in the formulation (including the nucleic 

acid that was previously inaccessible to the dye).  With these measurements, the POSA could 

calculate the encapsulation efficiency as follows: 

Encapsulation efficiency (%) = (Io - I)/Io × 100 

where I and Io refer to the fluorescence intensities before and after the lipid vesicles are broken 

down.  See, e.g., Zhang 199917 at 1439, 1445; MacLachlan 200718 at 253-254; Heyes 200519 at 

                                                 
17 Y.P. Zhang et al., Stabilized plasmid-lipid particles for regional gene therapy: formulation and 
transfection properties, Gene Therapy, vol. 6, pp. 1438-1447 (1999) (“Zhang 1999”). 
18 I. MacLachlan, Liposomal Formulations for Nucleic Acid Delivery, Antisense Drug Techs. (2d 
ed. 2007) (“MacLachlan 2007”). 
19 J. Heyes et al., Cationic lipid saturation influences intracellular delivery of encapsulated nucleic 
acids, J. Controlled Release, vol. 107, pp. 276-87 (2005) (“Heyes 2005”). 
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279; WO 00/03683 (filed Jan. 27, 2000) at 24:1-8.  For example, if there were no difference 

between the fluorescence intensities measured in the first step and the fluorescence measured in 

the second step, that would indicate that 0% of the nucleic acid was encapsulated by the lipid 

system, whereas if there were no fluorescence at all at the first step and then fluorescence after the 

detergent was added, that would indicate that 100% of the nucleic acid was encapsulated by the 

lipid system.  The POSA would have recognized that these differential fluorescence-based assays 

were used extensively by the priority date to measure encapsulation efficiency and would have 

understood the process for measuring encapsulation efficiency. 

92. The POSA would further understand that the full claim limitations “wherein at least 

70% / at least 80% / about 90% of the mRNA in the formulation is fully encapsulated in the lipid 

vesicles” also limit the invention of the ’651 patent based on where the mRNA is located, i.e., the 

mRNA must be contained inside the vesicle. 

93. At the time of the invention, the POSA would have understood that different lipid 

vesicle systems that could be used for the delivery of therapeutic agents such as nucleic acids 

would have the nucleic acid in different locations of the vesicle system.  The ’651 patent describes 

some of these locations in lipid vesicle systems including (1) SPLPs, in which a “vesicle of lipids 

coating an interior comprising a nucleic acid such as a plasmid with a reduced aqueous interior,” 

(2) liposomes, “wherein an aqueous volume is encapsulated by an amphipathic lipid bilayer, or 

wherein the lipids coat an interior comprising a large molecular component, such as a plasmid, 

with a reduced aqueous interior”; and (3) “lipid aggregates or micelles, wherein the encapsulated 

component is contained within a relatively disordered lipid mixture.”  See ’651 patent, 5:30-37. 

These different locations of nucleic acid in various lipid systems were well-understood to the 

POSA at the time of the invention, for example the “meatballs” and “spaghetti” arrangement I 
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discussed above, see supra § III.A; Sternberg 1994 at 364, Figure 2, as well as others.  See, e.g., 

Wheeler 1999;20 Chonn 1995;21 Mok 1999.22   

94. Immediately following the ’651 patent’s description of the different locations in 

which the vesicles can retain nucleic acids, the specification refers to lipid formulations that 

provide “a compound with full encapsulation, partial encapsulation, or both.”  ’651 patent, 5:38-

40.  The POSA would understand that this reference to “full” and “partial” encapsulation was in 

reference to the different potential locations of the encapsulated nucleic acid (such as mRNA)—

“within a relatively disordered lipid mixture” or in the “interior.”  See ’651 patent, 5:30-44; supra 

§ III.A.  In view of this context, the POSA would understand that a partially encapsulated nucleic 

acid is one that is contained within the relatively disordered lipid mixture (but not actually inside 

any lipid vesicles), whereas a fully encapsulated nucleic acid is inside the lipid vesicle.  See, e.g., 

Sternberg 1994 at 364, Figure 2; supra § III.A. 

95. The mRNA’s location can have substantial practical effect, as when nucleic acid is 

not contained inside a lipid vesicle, it can result in toxic side effects, degradation, and rapid 

clearance.  See Wheeler 1999 at 271 (“In the case of nonviral systems such as plasmid DNA-

cationic lipid complexes (lipoplexes), the large size and positively charged character of these 

aggregates also result in rapid clearance, and the highest expression levels are again observed in 

first-pass organs, particularly the lung.  Plasmid DNA-cationic lipid complexes can also result in 

toxic side-effects both in vitro and in vivo.”).  Given the POSA’s understanding of the difference 

                                                 
20 J. J. Wheeler et al., Stabilized plasmid-lipid particles: construction and characterization, Gene 
Therapy, vol. 6, pp. 271-281 (1999) (“Wheeler 1999”).  
21 A. Chonn et al., Recent advances in liposome drug delivery systems, Curr. Opin. Biotech, vol. 
6, pp. 698-708 (1995) (“Chonn 1995”). 
22 K. Mok et al., Stabilized plasmid–lipid particles: factors influencing plasmid entrapment and 
transfection properties, Biochim Biophys Acta, vol. 1419, pp. 137-150 (1999) (“Mok 1999”). 
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between nucleic acid being contained inside the lipid vesicle (in the “interior"), compared to being 

on the outside of the lipid vesicle (“within a relatively disordered lipid mixture”) the POSA would 

understand that the reference to “fully encapsulated” in the claims of the ’651 patent refers to the 

location of nucleic acid—inside the vesicle.  See ’651 patent, 5:30-44. 

96. The file history further confirms that the POSA would understand the limitation 

“wherein at least 70% / at least 80% / about 90% of the mRNA in the formulation is fully 

encapsulated in the lipid vesicles” related to nucleic acid being contained inside the lipid vesicle. 

The Examiner rejected the initial claims, which included the “fully encapsulated” language, over 

U.S. Patent No. 5,830,430 (“Unger”), which the Examiner argued taught a lipid vesicle that 

encapsulates nucleic acid.  ’651 File History, Aug. 14, 2014 Non-Final Rejection at 5-6.  The 

applicant distinguished Unger, noting that “none of the examples in Unger et al. . . . discloses or 

suggests a lipid vesicle of the present invention comprising fully encapsulated mRNA,” including 

because it concerned a lipid system “in which little, if any, of the DNA payload is encapsulated 

within the preformed cationic liposomes,” and instead “is merely associated with the surface of 

the preformed liposome.”  ’651 File History, Oct. 22, 2014 Response at 5-7.  That differed from 

“the encapsulated mRNA present within the lipid vesicles of the present invention.”  Id.   

97. Dr. Heyes drew the same distinction during prosecution.  ’651 File History, Oct. 

22, 2014 Decl. ¶ 10 (“[T]he cationic lipid compounds and cationic liposome formulations disclosed 

in Unger et al. are exemplified in the context of their use for preparing preformed liposomes to 

form complexes with DNA called lipoplexes.  However, lipoplexes are electrostatic complexes in 

which little, if any, of the DNA payload is encapsulated within the preformed cationic liposomes. 

. . . Importantly, the encapsulated mRNA present within the lipid vesicles of the present invention 

will be protected from nuclease degradation upon systemic administration, while nucleic acid that 
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is merely associated with the surface of a preformed liposome (such as the DNA of the lipoplexes 

of Unger et al.) will be more readily degraded by serum nucleases.”) (emphasis added). 

98. It would be clear to the POSA that the experiments disclosed in Unger prepared 

vesicles where the nucleic acid was on the surface of the vesicle (i.e., lipoplexes) rather than 

vesicles where the nucleic acid is contained inside the lipid vesicles and was thus fully 

encapsulated.  Examples 6A and 6B of Unger disclose that the lipid vesicles of that invention were 

formed by mixing in solution DNA and preformed liposomes.  Unger at 29:11-40:25.  In these 

examples, Unger does not disclose a process whereby the preformed liposomes would be disrupted 

to allow for the encapsulation of the nucleic acid inside the liposomes.  Accordingly, the POSA 

would understand that the DNA in the Examples disclosed in Unger would have formed lipoplexes, 

where the DNA was associated with the surface of the lipid vesicles. 

99. These statements by the applicant would confirm the POSA’s understanding that 

the “full encapsulation” language in the specification requires the nucleic acid to be in a specific 

location.  Consistent with the specification, the statements differentiate between the systems in 

which nucleic acid is encapsulated “within a relatively disordered lipid mixture”—such as those 

of Unger that the applicant distinguished—and lipid vesicles with full encapsulation in which a 

nucleic acid is in the “interior” and contained inside the lipid vesicle.  ’651 patent, 5:30-40.   
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Society 1988 110, 3656-3657. 

 
 11. B. C. Patterson, D. H. Thompson & J. K. Hurst, “Pathways of Transmembrane Redox Reactions for 

Dihexadecylphosphate Vesicle-Bound Viologens” in Molecular Electronics—Science and Technology, 
Aviram, A., Ed., Engineering Foundation Publications, New York, 1989, pp. 385-392. 

 
12. P. L. Camacho, E. Geiger, G. Vigh, R. Webster & D. H. Thompson, “Separation of the Enantiomeric 

Intermediates of Some Platelet-Activating Factor Analogues on a Naphthylalanine-Type Pirkle Column” 
Journal of Chromatography 1990 506, 611-616. 

 
 13. R. Humphry-Baker, D. H. Thompson, Y. Lei, M. Hope & J. K. Hurst, "Structural Investigations of 

Dihexadecylphosphate Small Unilamellar Vesicles" Langmuir 1991 7, 2592-2601. 
 
 14. J. M. Kim & D. H. Thompson, "Tetraether Bolaform Amphiphiles as Models of Archaebacterial 

Membrane Lipids: Synthesis, Differential Scanning Calorimetry, and Monolayer Studies” Langmuir 
1992 8, 637-644. 

 
 15. A. Heuer, D. Fink, V. Laraia, J. Arias, P. Calvert, K. Kendall, G. Messing, J. Blackwell, P. Rieke, D. H. 

Thompson, A. Wheeler, A. Veis & A. Caplan, "Innovative Materials Processing Strategies: A Biomimetic 
Approach" Science 1992 255, 1098-1105. 

 
 16. V. C. Anderson & D. H. Thompson, "Photoinduced Morphology Changes in Plasmalogen Liposomes 

Using Visible Light" in Macromolecular Assemblies, P. Stroeve & A. C. Balazs, Eds., ACS Symposium 
Series 1992 493, 154-170. 

 
 17. V. C. Anderson & D. H. Thompson, "Triggered Release of Hydrophilic Agents from Plasmalogen 

Liposomes Using Visible Light or Acid" Biochimica et Biophysica Acta 1992 1109, 33-42. 
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 18. D. H. Thompson & J.-M. Kim, "Photoinduced Charge Transfer Studies in Bolaamphiphile-Gramicidin-

Porphyrin Membranes" MRS Symposium Proceedings, Macromolecular Host-Guest Complexes:  
Optical & Optoelectronic Properties and Applications 1992 277, 93-98. 

 
 19. D. H. Thompson, K. Wong, R. Humphry-Baker, J. Wheeler, J. M. Kim & S. B. Rananavare, "Tetraether 

Bolaform Amphiphiles as Models of Archaebacterial Membrane Lipids: Raman Spectroscopy, 31P-NMR, 
X-Ray Scattering and Electron Microscopy" Journal of the American Chemical Society 1992 114, 9035-
9042. 

 
 20. D. H. Thompson, J.-M. Kim & C. DiMeglio, "Photoinduced Charge Transfer Properties of Bolaamphiphile 

Membrane-Gramicidin Diad and Triad Composites" SPIE Proceedings, Organic and Biological 
Optoelectronics 1993 1853, 142-147. 

 
 21. P. L. Camacho-Torralba, G. Vigh & D. H. Thompson, "High Performance Chiral Displacement 

Chromatographic Separations in the Normal Phase Mode. Part 1. Retention and Adsorption Studies of 
Potential Displacers Developed for the Pirkle-Type Naphthylalanine Silica Stationary Phase" Journal of 
Chromatography 1993 641, 31-38. 

 
 22. P. L. Camacho-Torralba, M. D. Beeson, G. Vigh & D. H. Thompson, "High Performance Chiral 

Displacement Chromatographic Separations in the Normal Phase Mode. Part 2. Separation of the 
Enantiomers of 1,2-O-Dihexadecyl-rac-glycerol-3-O-(3,5-dinitrophenyl)carbamate Using the Pirkle-
Type Naphthylalanine Silica Stationary Phase" Journal of Chromatography 1993 646, 259-266. 

 
 23. D. H. Thompson, C. B. Svendsen, C. DiMeglio & V. C. Anderson, "Synthesis of Chiral Diether and 

Tetraether Phospholipids. Regiospecific Ring Opening of Epoxides Derived from Asymmetric 
Epoxidation" Journal of Organic Chemistry 1994 59, 2945-2955. 

 
 24. Y. Rui & D. H. Thompson, "Stereocontrolled Synthesis of Plasmalogen-Type Lipids from Glyceryl Ester 

Precursors" Journal of Organic Chemistry 1994 59, 5758-5762. 
 
 25. D. H. Thompson, O. V. Gerasimov, J. J. Wheeler & V. C. Anderson, "Triggerable Plasmalogen Liposomes: 

Improvement of System Efficiency" Biochimica et Biophysica Acta 1996 1279, 25-34. 
 
 26. Y. Rui & D. H. Thompson, “Efficient Stereoselective Synthesis of Plasmenylcholines” Chemistry—A 

European Journal 1996 2, 1505-1508. 
 
 27. D. H. Thompson, Y. Rui & O. V. Gerasimov, "Triggered Release from Liposomes Mediated by Physically- 

and Chemically-Induced Phase Transitions" Surfactant Science Series: Vesicles, M. Rosoff, Ed.; Marcel 
Dekker: New York, NY, 1996, pp. 679-746. 

 
 28. O. Gerasimov, A. Schwan & D. H. Thompson, “Acid-Catalyzed Plasmenylcholine Hydrolysis and its Effect 

on Bilayer Permeability: A Quantitative Study” Biochimica et Biophysica Acta 1997 1324, 200-214. 
 
 29. E. Barklis, J. McDermott, S. Wilkens, E. Schabtach, M. Schmid, S. Fuller, S. Karanjia, Z. Love, R. Jones, X. 

Zhao, Y. Rui & D. H. Thompson, “Structural Analysis of Membrane-Bound Retrovirus Capsid Proteins” 
EMBO Journal 1997 16, 1199-1213. 
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 30. I. Szleifer, O. V. Gerasimov & D. H. Thompson, “Spontaneous Liposome Formation Induced by Grafted 
Poly(ethylene oxide) Layers: Theoretical Prediction and Experimental Verification” Proceedings of the 
National Academy of Sciences USA 1998 95, 1032-1037. 

 
 31. N. Wymer, O. V. Gerasimov & D. H. Thompson, “Cascade Liposomal Triggering: Light-Induced Ca2+ 

Release from Plasmenylcholine Liposomes Triggers PLA2-Catalyzed Hydrolysis and Contents Leakage 
from DPPC Liposomes” Bioconjugate Chemistry 1998 9, 305-308. 

 
 32. E. Barklis, J. McDermott, S. Wilkens, S. Fuller, & D. H. Thompson, “Organization of HIV-1 Capsid Proteins 

on a Lipid Monolayer” Journal of Biological Chemistry 1998 273, 7177-7180. 
 
 33. S. Svenson & D. H. Thompson, “Facile and Efficient Synthesis of Bolaamphiphilic Tetraether 

Phosphocholines” Journal of Organic Chemistry 1998 63, 7180-7182. 
 
34. Y. Rui, S. Wang, P. S. Low & D. H. Thompson, “Diplasmenylcholine-Folate Liposomes: An Efficient 

Vehicle for Intracellular Drug Delivery” Journal of the American Chemical Society 1998 120, 11213-
11218. 

 
 35. O. V. Gerasimov, N. Wymer, D. Miller, Y. Rui, & D. H. Thompson, “Intracellular Delivery of Liposomal 

Contents Using pH- and Light-Activated Plasmenyl-Type Liposomes” S.M. Dinh, J.D. DeNuzzio, A.R. 
Comfort, Eds., ACS Symposium Series 1999 728, 164-178. 

 
 36. J. A. Boomer & D. H. Thompson, “Synthesis of Acid-Labile Diplasmenyl Lipids for Drug and Gene 

Delivery Applications” Chemistry and Physics of Lipids 1999 99, 145-153. 
 
 37. A. Patwardhan & D. H. Thompson, “Efficient Synthesis of 40- and 48-Membered Tetraether 

Macrocyclic Bisphosphocholines” Organic Letters 1999 1, 241-244. 
 
 38. O. Gerasimov, J. Boomer, M. Qualls & D. H. Thompson, “Cytosolic Drug Delivery Using pH- and Light-

Sensitive Liposomes” Advanced Drug Delivery Reviews 1999 38, 317-338. 
 
 39. C. DiMeglio, S. B. Rananavare, S. Svenson & D. H. Thompson, “Phosphocholine Analogs of 

Bolaamphiphiles: Phase Structure and Mesomorphism” Langmuir 2000 16, 128-133. 
 
 40. A. Patwardhan & D. H. Thompson, “Novel Flexible and Rigid Tetraether Acyclic and Macrocyclic 

Bisphosphocholines: Synthesis and Monolayer Properties” Langmuir 2000, 16, 10340-10350. 
 
41. J. Shin, M. M. Qualls, J. A. Boomer, J. Robarge & D. H. Thompson, “An Efficient New Route to Plasmenyl-

Type Lipids: Synthesis and Cytotoxicity of a Plasmenylcholine Analog of the Antitumor Ether Lipid ET-
18-OCH3” Journal of the American Chemical Society 2001 123, 508-509. 

 
42. M. M. Qualls & D. H. Thompson, “Synergistic Phototoxicity of Chloroaluminum Phthalocyanine 

Tetrasulfonate Delivered via Acid-Labile Diplasmenylcholine-Folate Liposomes” International Journal 
of Cancer 2001 93, 384-392. 

 
43. J.-M. Kim & D. H. Thompson, “Acid- & Oxidatively-Labile Vinyl Ether Lipids: Synthesis & Drug Delivery 

Applications”  Surfactant Science Series:  Reactions & Synthesis in Surfactant Systems, J. Texter, Ed.; 
Marcel Dekker: New York, NY, 2001, pp. 145-154. 
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44. J. H. Collier, B.-H. Hu, J. W. Ruberti, Z.-Y. Zhang, P. Shum, D. H. Thompson & P. B. Messersmith, 
“Thermally and Photochemically Triggered Self-Assembly of Peptide Hydrogels” Journal of the 
American Chemical Society 2001 123, 9463-9464. 

 
 45. J.-M. Kim, J. Shin, P. Shum & D. H. Thompson, “Acid- and Oxidatively-Labile Vinyl Ether Surfactants: 

Synthesis and Drug Delivery Applications” Journal of Dispersion Science and Technology 2001 22, 399-
407. 

 
 46. P. Shum, J.-M. Kim & D. H. Thompson, “Phototriggering of Liposomal Drug Delivery Systems” Advanced 

Drug Delivery Reviews 2001 53, 273-284. (JOURNAL COVER, ISSUE #3, DEC 31, 2001) 
 
47. Z.-Y. Zhang, P. Shum, M. Yates, P. B. Messersmith & D. H. Thompson, “Formation of Fibrinogen-Based 

Hydrogels Using Phototriggerable Diplasmalogen Liposomes” Bioconjugate Chemistry 2002 13, 640-
646. (JOURNAL COVER, ISSUE #3, APR 4, 2002) 

 
 48. J. A. Boomer, D. H. Thompson & S. Sullivan, “Formation of Plasmid-Based Transfection Complexes with 

an Acid-Labile Cationic Diplasmenyl Lipid: In Vitro and In Vivo Gene Transfer” Pharmaceutical Research 
2002 19, 1289-1298. 

 
 49. J. Shin, O. Gerasimov & D. H. Thompson, “Facile Synthesis of Plasmalogens via Barbier-type Reactions 

of Vinyl Dioxolanes with Alkyl Halides in LiDBB Solution” Journal of Organic Chemistry 2002 67, 6503-
6508. 

 
 50. M. Rovira-Bru, D. H. Thompson & I. Szleifer, “Size and Structure of Spontaneously Forming Liposomes 

in Lipid:PEG-Lipid Mixtures” Biophysical Journal 2002 82, 2419-2439. 
 
 51. J.-C. Kim, K. Park & D. H. Thompson, “Synthesis of Tris(amino acid)-Substituted a-Cyclodextrins 

Derivatives”, Macromolecular Chemistry Symposium 2002 15, 303-312. 
 
 52. N. Bergstrand, M. C. Arfvidsson, J.-M. Kim, D. H. Thompson & K. Edwards, “Interactions Between pH-

Sensitive Liposomes and Model Membranes”, Biophysical Chemistry 2003 104, 361-379. 
 
53. J. A. Boomer, H. D. Inerowicz, Z.-Y. Zhang, N. Bergstrand, K. Edwards, J.-M. Kim & D. H. Thompson, 

“Acid-Triggered Release from Sterically-Stabilized Fusogenic Vesicles: A Novel DePEGylation Strategy”, 
Langmuir 2003 19, 6408-6415. 

 
 54. J. Shin, P. Shum & D. H. Thompson, “Acid-Triggered Release via DePEGylation of DOPE Liposomes 

Containing Acid-Labile Vinyl Ether PEG-Lipids”, Journal of Controlled Release 2003 91, 187-200. 
 
 55. J. Shin & D. H. Thompson, “Direct Synthesis of Plasmalogens from Allyl Substituted Glycerols”, Journal 

of Organic Chemistry 2003 68, 6760-6766. 
 
 56. J. Shin & D. H. Thompson, “Intracellular Delivery of DNA and Proteins Using Vinyl Ether-Based Drug 

Delivery Vehicles” ACS Symposium Series 2003 879, 50-60. 
 
 57. D. H. Thompson, H. D. Inerowicz, J. Groves & T. Sarna “Characterization of Plasmalogen Photooxidation 

Products”, Photochemistry and Photobiology 2003 78, 323-330. 
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58. H. Seong, W.-M. Choi, J.-C. Kim, D. H. Thompson & K. Park, “Preparation of Liposomes With Glucose 
Binding Sites: Liposomes Containing Di-branched Amino Acid Derivatives”, Biomaterials 2003 24, 
4487-4493. 

 
 59. M. D. Kennedy, K. N. Jallad, D. H. Thompson, P. S. Low & D. Ben-Amotz, “Optical Imaging of Folate-

Receptor Positive Tissues and Tumors Targeted with a Folate-Fluorescein Conjugate”, Journal of 
Biomedical Optics 2003 8, 636-641. 

 
 60. J.-M. Kim, A. Patwardhan, A. Bott & D. H. Thompson, “Preparation and Electrochemical Behavior of 

Gramicidin Bipolar Lipid Monolayer Membranes Supported on Gold Electrodes”, Biochimica et 
Biophysica Acta 2003 1617, 10-21. 

 
 61. D. H. Thompson, J. Shin, J. A. Boomer & J.-M. Kim, “Preparation of Plasmenylcholine Lipids and 

Plasmenyl-Type Liposome Dispersions”, Methods in Enzymology 2004 387, 153-168. 
 
 62. M. Zhou, S. Haldar, J. Franses, J.-M. Kim & D. H. Thompson, “Synthesis and Self-Assembly Properties 

of Acylated Cyclodextrins and Nitrilotriacetic Acid (NTA)-Modified Inclusion Ligands for Interfacial 
Protein Crystallization”, Supramolecular Chemistry 2005 17, 101-111. 

 
 63. C. Wang, S. Leffler, D. H. Thompson & C. A. Hrycyna, “A General Assay for S-adenosyl Methionine–

dependent Enzymes Using a Thiol-activated Fluorescent Molecular Beacon”, Biochemical and 
Biophysical Research Communications 2005 331, 351-356. 

 
 64. H. B. Hodges, M. Zhou, J. L. Anderson, D. H. Thompson & C. A. Hrycyna, “Inhibition of Membrane-

Spanning Metalloproteins by Hydrophobic Metal Chelators”, Bioconjugate Chemistry 2005 16, 490-
493. 

 
 65. G. Acharya, K. Park & D. H. Thompson, “Synthesis and Evaluation of a-Cyclodextrin-Aldonamide 

Conjugates for D-Glucose Recognition”, Journal of Drug Delivery Science and Technology 2006 16, 45-
48. 

 
 66. V. Dixit, J. Van den Bossche, D. M. Sherman, D. H. Thompson & R. P. Andres, “Synthesis and Grafting 

of Thioctic Acid-PEG-Folate Conjugates onto Au Nanoparticles for Selective Targeting of Cancer Cells”, 
Bioconjugate Chemistry 2006 17, 603-609. 

 
 67. T. Ooya, D. Inoue, H. S. Choi, Y. Kobayashi, S. Loethen, D. H. Thompson, Y. Ho Ko, K. Kim & N. Yui, “pH-

Responsive Movement of Cucurbit[7]uril in a Dual Polypseudorotaxane: Contribution of Dimethyl b-
Cyclodextrin”, Organic Letters 2006 8, 3159-3162. 

 
 68. S. Loethen, T. Ooya, H. S. Choi, N. Yui & D. H. Thompson, “Synthesis, Characterization and pH-Triggered 

Dethreading of a-Cyclodextrin Polyethylene Glycol Polyrotaxanes Bearing Cleavable Stoppers”, 
Biomacromolecules 2006 7, 2501-2506. 

 
 69. C. Huguet, E. C. Hopmans, W. Febo-Ayala, D. H. Thompson, J. S. Sinninghe Damsté & S. Schouten, “An 

Improved Method to Determine the Absolute Abundance of Glycerol Dibiphytanyl Glycerol Tetraether 
Lipids”, Organic Geochemistry 2006 37, 1036-1041. 

 
 70. R. Wampler, M. Zhou, D. H. Thompson & G. J. Simpson, “Mechanism of the Chiral SHG Activity of 

Bacteriorhodopsin Films”, Journal of the American Chemical Society 2006 128, 10994-10995. 
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 71. W. Febo-Ayala, S. Morera-Felix, C. A. Hrycyna & D. H. Thompson, “Functional Reconstitution of the 

Integral Membrane Enzyme, Isoprenylcysteine Carboxyl Methyltransferase, in Synthetic Bolalipid 
Membrane Vesicles”, Biochemistry 2006 45, 14683-14694. 

 
 72. W. Febo-Ayala, D. P. Holland, S. A. Bradley, D. H. Thompson, “Lateral Diffusion Coefficients of an 

Eicosanyl-Based Bisglycerophosphocholine Determined by PFG-NMR and FRAP”, Langmuir 2007 23, 
6276-6280. 

 
73. E. Kang, J.-w. Park, S. McClellan, J.-M. Kim, D. P. Holland, G. U. Lee, E. Franses, K. Park, D. H. Thompson, 

“Specific Adsorption of Histidine-Tagged Proteins on Silica Surfaces Modified with Ni2+:NTA-
Derivatized Poly(ethylene glycol)”, Langmuir 2007 23, 6281-6288. 

 
74. J. Van den Bossche, J. Shin, D. H. Thompson, “Improved Plasmalogen Synthesis Using Organobarium 

Intermediates”, Journal of Organic Chemistry 2007 72, 5005-5007. 
 
 75. S. Loethen, J.-M. Kim, D. H. Thompson, “Biomedical Applications of Cyclodextrin-Based Polyrotaxanes”, 

Journal of Macromolecular Science C—Polymer Reviews 2007 47, 383-418. 
 
 76. D. H. Thompson, M. Zhou, J. Grey, H.-k. Kim, “Design, Synthesis and Performance of NTA-Modified 

Lipids as Templates for Histidine-Tagged Protein Crystallization”, Chemistry Letters 2007 36, 956-975. 
 
 77. G. S. Longo, D. H. Thompson, I. Szleifer, “Stability and Phase Separation in Mixed Bola-Linear Lipid 

Layers” Biophysical Journal 2007 93, 2609-2621. 
 
 78. G. Acharya, C.-L. Chang, D. Holland, D. H. Thompson, C. A. Savran, “Rapid Detection of S-Adenosyl 

Homocysteine Using Self-Assembled Optical Diffraction Gratings”, Angewandte Chemie, International 
Edition 2008 47, 1051-1053. 

 
 79. D. P. Holland, A. V. Struts, M. F. Brown, D. H. Thompson, “Bolalipid Membrane Structure Revealed by 

Solid-State 2H NMR Spectroscopy”, Journal of the American Chemical Society 2008 130, 4584-4585. 
 
80. D. H. Thompson, “Adenovirus in a Synthetic Membrane Wrapper: An Example of Hybrid Vigor?”, ACS 

Nano 2008 2, 821-826. 
 
 81. G. Longo, D. H. Thompson, I. Szleifer, “Ligand-Receptor Interactions Between Surfaces: The Role of 

Binary Polymer Spacers”, Langmuir 2008 24, 10324-10333. 
 
 82. J. J. Bozell, N. C. Tice, N. Sanyal, D. H. Thompson, J.-M. Kim & S. Vidal, “Synthesis and Self-Assembly of 

Glycal-based Bolaforms”, Journal of Organic Chemistry 2008 73, 8763-8771. 
 
 83. R. D. Wampler, D. J. Kissick, C. J. Dehen, E. J. Gualtieri, J. L. Grey, H.-F. Wang, D. H. Thompson, J.-X. 

Cheng & G. J. Simpson, “Selective Detection of Protein Crystals by Second Harmonic Microscopy”, 
Journal of the American Chemical Society 2008 130, 14076-14077. 

 
 84. J. A. Boomer, M. M. Qualls, H. D. Inerowicz, R. Haynes, G. V. Patri, J.-M. Kim & D. H. Thompson, 

“Cytoplasmic Delivery of Liposomal Contents Mediated by an Acid-Labile Cholesterol-Vinyl Ether-PEG 
Conjugate”, Bioconjugate Chemistry 2009 20, 47-59. 
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 85. H. Chen, R. Ahn, J. Van den Bossche, D. H. Thompson & T. V. O’Halloran, “Folate-mediated Intracellular 
Drug Delivery Increases the Anti-cancer Efficacy of Nanoparticulate Formulation of Arsenic Trioxide”, 
Molecular Cancer Therapeutics 2009 8, 1955-1963. 

 
 86. D. P. Brownholland, G. S. Longo, A. V. Struts, M. J. Justice, I. Szleifer, H. I. Petrache, M. F. Brown, D. H. 

Thompson, “Phase Separation in Binary Mixtures of Bipolar and Monopolar Lipid Dispersions Revealed 
by 2H NMR Spectroscopy, Small Angle X-ray Scattering, and Molecular Theory”, Biophysical Journal 
2009 97, 2700-2709. 

 
 87. K. Mulligan, D. Brownholland, A. Carnini, D. H. Thompson, L. Johnston, “AFM Investigations of Phase 

Separation in Supported Membranes of Binary Mixtures of POPC and an Eicosanyl-based 
Bisphosphocholine Bolalipid”, Langmuir 2010 26, 8525-8533. 

 
 88. W. Deng & D. H. Thompson, “pH and Cation-responsive Supramolecular Gels Formed by Cyclodextrin 

Amines in DMSO”, Soft Matter 2010 6, 1884-1887. 
 
 89. T. L. Andresen, D. H. Thompson, T. Kaasgaard, “Enzyme-triggered Nanomedicine: Drug Release 

Strategies in Cancer Therapy”, Molecular Membrane Biology 2010 27, 353-363. 
 
 90. J. Grey, D. H. Thompson, “Challenges and Opportunities for New Protein Crystallization Strategies in 

Structure-Based Drug Design”, Current Opinion in Drug Discovery 2010 5, 1039-1045. 
 
 91. S.-H. Hyun, H.-k. Kim, J.-M. Kim, D. H. Thompson, “Oriented Insertion of phi29 N-Hexahistidine-tagged 

gp10 Connector Protein Assemblies into C20BAS Bolalipid Membrane Vesicles”, Journal of the 
American Chemical Society 2010 132, 17053-17055. (JOURNAL COVER, ISSUE #48, DEC 8, 2010) 

 
 92. A. Broniec, R. Klosinski, A. Pawlak, M. Wrona-Krol, D. H. Thompson, T. Sarna, “Interactions of 

Plasmalogens and Their Diacyl Analogs with Singlet Oxygen in Selected Model Systems”, Free Radical 
Biology & Medicine 2011 50, 892-898. 

 
 93. B. G. Coon, S. Crist, A. González-Bonet, H.-k. Kim, J. Sowa, D. H. Thompson, T. L. Ratliff, R. C. Aguilar, 

“Fibronectin Attachment Protein (FAP) from Bacillus Calmette-Guerin as a Targeting Agent for Bladder 
Tumor Cells”, International Journal of Cancer 2012 131, 591-600. 

 
 94. H.-k. Kim, H. Wei, A. Kulkarni, R. M. Pogranichniy, D. H. Thompson, “Effective Targeted Gene Delivery 

to Dendritic Cells via Synergistic Interaction of Mannosylated Lipid with DOPE and BCAT”, 
Biomacromolecules 2012 13, 636-644. 

 
 95. D. Wei, J. Chen, A. Kulkarni, D. H. Thompson, “Poly(ethylene glycol)-Poly(vinyl alcohol)-Adamantanate: 

Synthesis and Stimuli-Responsive Micelle Properties”, Soft Matter 2012 8, 5843-5846. 
 
 96. A. Kulkarni, D. Wei, S.-H. Hyun, D. H. Thompson, “Development of a Safe and Effective pDNA Vector 

Based on Non-covalent Assembly of Bioresponsive Amino-b-Cyclodextrin:Adamantane-Poly(vinyl 
alcohol)-Poly(ethylene glycol) Transfection Complexes”, Bioconjugate Chemistry 2012 23, 933-940. 

 
 97. A. Kulkarni, K. DeFrees, S.-H. Hyun, D. H. Thompson, “Pendant Polymer:Amino-b-Cyclodextrin:siRNA 

Guest:Host Nanoparticles as Efficient Vectors for Gene Silencing”, Journal of the American Chemical 
Society 2012 134, 7596-7599. 
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 98. H. Wei, S.D. Lenz, D. H. Thompson, R. M. Pogranichniy, “DNA Vaccine Development Against H1N1 
Subtype Swine Influenza Viruses”, Viral Immunology 2012 25, 297-305. 

 
 99. J. Shin, P. Shum, J. Grey, G. S. Malhotra, S. Fujiwara, A. M. González-Bonet, E. Moase, T. M. Allen, D. H. 

Thompson, “Acid-labile PEG-Vinyl Ether-Lipids with Tunable pH Sensitivity: Synthesis and Structural 
Effects on Hydrolysis Rates, Calcein Release Performance and Biodistribution of Their DOPE 
Dispersions”, Molecular Pharmaceutics 2012 9, 3266-3276. 

  
100. H.-k. Kim, J. Van den Bossche, S.-H. Hyun, D. H. Thompson, “Acid-triggered Release via DePEGylation 

of Fusogenic Liposomes Mediated by Tunable pH Sensitive Phenyl Substituted Vinyl Ether PEG-Lipids”, 
Bioconjugate Chemistry 2012 23, 2071-2077. 

  
101. A. Kulkarni, K. DeFrees, R. A. Schuldt, A. Vlahu, R. VerHeul, S.-H. Hyun, D. Wei, D. H. Thompson, “Multi-

Armed Cationic Cyclodextrin:Poly(ethylene glycol) Polyrotaxanes as Efficient Gene Silencing Vectors”, 
Integrative Biology 2013 5, 115-121. 

  
102. N. Morimoto, S. Hirano, H. Takahashi, S. Loethen, D. H. Thompson, K. Akiyoshi, “Self-assembled pH-

sensitive Cholesteryl Pullulan Nanogel as a Protein Delivery Vehicle”, Biomacromolecules 2013 14, 56-
63.  

  
103. A. Kulkarni, K. DeFrees, R. A. Schuldt, S.-H. Hyun, K. J. Wright, C. K. Yerneni, R. VerHeul, D. H. Thompson, 

“Cationic a-Cyclodextrin:Poly(ethylene glycol) Polyrotaxanes for siRNA Delivery”, Molecular 
Pharmaceutics 2013 10, 1299-1305. 

  
104. C. J. Collins, L. McCauliff, S.-H. Hyun, Z. Zhang, L. N. Paul, A. Kulkarni, K. Zick, M. Wirth, J. Storch, D. H. 

Thompson, “Synthesis, Characterization, and Evaluation of Pluronic-based b-Cyclodextrin 
Polyrotaxanes for Mobilization of Accumulated Cholesterol from Niemann-Pick Type C Fibroblasts”, 
Biochemistry 2013 52, 3242-3253. 

 
105. A. Kulkarni, R. VerHeul, K. DeFrees, C. J. Collins, R. A. Schuldt, A. Vlahu, D. H. Thompson, “Microfluidic 

Assembly of Cationic b-Cyclodextrin:Hyaluronic Acid-Adamantane Host:Guest pDNA Nanoparticles”, 
Biomaterials Science 2013 1, 1029-1033. 

  
106. H.-k. Kim, D. H. Thompson, H. S. Jang, Y. J. Chung, J. Van den Bossche, “pH-Responsive Biodegradable 

Assemblies Containing Tunable Phenyl Substituted Vinyl Ethers for Use as Efficient Gene Delivery 
Vehicles”, ACS Applied Materials & Interfaces 2013 5, 5648-5658. 

 
107. Y. A. Mondjinou, L. McCauliff, A. Kulkarni, L. Paul, S.-H. Hyun, Z. Zhang, Z. Wu, M. Wirth, J. Storch, D. 

H. Thompson, “Synthesis of 2-Hydroxypropyl-b-Cyclodextrin and Pluronic Based Polyrotaxanes in 
Heterogeneous Reactions for Niemann-Pick Type C Therapy”, Biomacromolecules 2013 14, 4189-
4197. 

  
108. T. C. Flynn, D. H. Thompson, S.-H. Hyun, “Molecular Weight Analyses and Enzymatic Degradation 

Profiles of the Soft-Tissue Fillers Belotero Balance, Restylane, and Juvéderm Ultra”, Plastic and 
Reconstructive Surgery 2013 132, 22S-32S. 

  
109. A. Kulkarni, V. Badwaik, K. DeFrees, R. A. Schuldt, D. S. Gunasekera, C. Powers, A. Vlahu, R. VerHeul, D. 

H. Thompson, “Effect of Pendant Group on pDNA Delivery by Cationic-b-Cyclodextrin:Alkyl-PVA-PEG 
Pendant Polymer Complexes”, Biomacromolecules 2014 15, 12-19. 
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110. H. Wei, S.D. Lenz, D. H. Thompson, R. M. Pogranichniy, “DNA-Epitope Vaccine Provided Efficient 

Protection to Mice Against Lethal Dose of Influenza A Virus H1N1”, Viral Immunology 2014 27, 14-19. 
 
111. G. Yu, F. Vago, D. Zhang, J. E. Snyder, R. Yan, C. Zhang, C. Benjamin, X. Jiang, R. J. Kuhn, P. Serwer, D. H. 

Thompson, W. Jiang, “Single-step Antibody-based Affinity Cryo-Electron Microscopy for Imaging and 
Structural Analysis of Macromolecular Assemblies”, Journal of Structural Biology 2014 187, 1-9. 

 
112. J. H. Byeon, A. Kulkarni, H.-k. Kim, D. H. Thompson, J. Roberts, “Photoassisted One-Step Aerosol 

Fabrication of Zwitterionic Chitosan Nanoparticles”, Biomacromolecules 2014 15, 2320-2325. 
 
113. J. H. Byeon, H.-k. Kim, D. H. Thompson, J. Roberts, “Aerosol-based Fabrication of Modified Chitosans 

and Their Application for Gene Transfection”, ACS Applied Materials & Interfaces 2014 6, 4597-4602. 
 
114. Y. Cui, A. Naz, D. H. Thompson, J. Irudayaraj, “Decitabine Nanoconjugate Sensitizes Human 

Glioblastoma Cells to Temozolomide”, Molecular Pharmaceutics 2015 12, 1279-1288. 
 
115. Y. A. Mondjinou, S.-H. Hyun, M. Xiong, C. J. Collins, P. L. Thong, D. H. Thompson, “Impact of Mixed b-

Cyclodextrin Feeds on Pluronic Rotaxanation Efficiency and Product Solubility”, ACS Applied Materials 
& Interfaces 2015 7, 23831-23836. 

  
116. Z. Zhou, Y. Mondjinou, S.-H. Hyun, A. Kulkarni, Z.-R. Lu, D. H. Thompson, “Gd3+-1,3,7,10-

Tetraazacyclododecane-1,4,7-triacetic-2-Hydroxypropyl-b-Cyclodextrin/Pluronic Polyrotaxane as a 
Long Circulating High Relaxivity MRI Contrast Agent”, ACS Applied Materials & Interfaces 2015 7, 
22272-22276. 

 
117. T. C. Flynn, D. H. Thompson, S.-H. Hyun, D. J. Howell, “Ultrastructural Analysis of 3 Hyaluronic Acid 

Soft-Tissue Fillers Using Scanning Electron Microscopy” Dermatologic Surgery 2015 Suppl 1:S143-52. 
PMID: 25828039. 

 
118. V. Badwaik, Y. Mondjinou, A. Kulkarni, L. Liu, A. Demoret, D. H. Thompson, “Efficient pDNA Delivery 

Using Cationic 2-Hydroxypropyl-β-Cyclodextrin Pluronic based Polyrotaxanes”, Macromolecular 
Bioscience 2016 16, 63-73. (JOURNAL COVER, ISSUE #1, JAN 12, 2016) 

 
119. F. W. S. Stetter, S.-H. Hyun, S. Brander, J. M. Urban, D. H. Thompson, T. Hugel “Nanomechanical 

Characterization of Lipid Bilayers With AFM-based Methods”, Polymer 2016 102, 326-332. 
 
120. C. J. Benjamin, K. J. Wright, S.-H. Hyun, K. Krynski, G. Yu, R. Bajaj, F. Guo, C. V. Stauffacher, W. Jiang, D. 

H. Thompson, “Non-fouling NTA-PEG-based TEM Grid Coatings for Selective Capture of Histidine-
tagged Protein Targets from Cell Lysates”, Langmuir 2016 32, 551-559. 

 
121. V. D. Badwaik, E. Aicart, Y. A. Mondjinou, M. A. Johnson, V. D. Bowman, D. H. Thompson, “Structure-

Property Relationship for siRNA Delivery Performance of Cationic 2-Hydroxypropyl-b-cyclodextrin: 
Poly(ethylene glycol)-Poly(propylene glycol)-Poly(ethylene glycol) Polyrotaxane Vectors”, 
Biomaterials 2016 84, 86-98. 

 
122. V. Badwaik, L. Liu, D. Gunasekera, A. Kulkarni, D. H. Thompson, “Mechanistic Insight into Receptor-

mediated Delivery of Cationic-β-Cyclodextrin:Hyaluronic Acid-Adamantane Host:Guest pDNA 
Nanoparticles to CD44+ Cells”, Molecular Pharmaceutics 2016 13, 1176-1184. 
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123. A. Lee, H.-k. Kim, D. H. Thompson, “A Facile Method for the Preparation of Unsymmetrical Ureas 

Utilizing Zirconium(IV) Chloride”, Bulletin of the Korean Chemical Society 2016 37, 154-160. 
 
124. J. W. Boley, S.-H. Hyun, E. L. White, D. H. Thompson, R. K. Kramer, “Hybrid Self-Assembly During 

Evaporation Enables Drop-on-Demand Thin Film Devices”, ACS Applied Materials & Interfaces 2016 8, 
34171-34178. 

 
125. C. J. Collins, Y. Mondjinou, B. Loren, S. Torregrosa-Allen, C. J. Simmons, B. D. Elzey, N. Ayat, Z.-R. Lu, D. 

H. Thompson, “Influence of Molecular Structure on the In Vivo Performance of Flexible Rod 
Polyrotaxanes”, Biomacromolecules 2016 17, 2777-2786. 

 
126. W. Gao, Y. Chen, D. H. Thompson, K. Park, T. Li, “Impact of Surfactant Treatment of Paclitaxel 

Nanocrystals on Biodistribution and Tumor Accumulation in Tumor-bearing Mice”, Journal of 
Controlled Release 2016 237, 168-176. 

 
127. C. J. Benjamin, K. J. Wright, S. Bolton, S.-H. Hyun, K. Krynski, M. Grover, G. Yu, F. Guo, T. Kinzer-Ursem, 

W. Jiang, D. H. Thompson, “Selective Capture of Histidine-tagged Proteins from Cell Lysates Using TEM 
Grids Modified with NTA-Graphene Oxide”, Scientific Reports 2016 6, 32500. 

 
128. M. Wleklinski, C. Falcone, B. P. Loren, Z. Jaman, K. Iyer, H. S. Ewan, S.-H. Hyun, D. H. Thompson, R. G. 

Cooks, “Can Accelerated Reactions in Droplets Guide Chemistry at Scale?”, European Journal of 
Organic Chemistry 2016, 5480-5484. 

 
129. T. R. Lear, S.-H. Hyun, J. W. Boley, E. L. White, D. H. Thompson, R. K. Kramer, “Liquid Metal Particle 

Popping: Nanoscale to Macroscale”, Extreme Mechanics Letters 2017 13, 126-134. 
 
130. C. J. Collins, B. P. Loren, M. S. Alam, Y. A. Mondjinou, J. L. Skulsky, C. Chaplain, K. Haldar, D. H. 

Thompson, “Pluronic based b-Cyclodextrin Polyrotaxanes for Treatment of Niemann-Pick Type C 
Disease”, Scientific Reports 2017 7, 46737. 

 
131. B. P. Loren, M. Wleklinski, A. Koswara, K. Yammine, Y. Hu, Z. K. Nagy, D. H. Thompson, R. G. Cooks, 

“Mass Spectrometry Directed System for the Continuous-Flow Synthesis and Purification of 
Diphenhydramine”, Chemical Science 2017 8, 4363-4370. 

 
132. Y. Lee, E. Kischuk, S. Crist, T. Ratliff, D. H. Thompson, “Targeting and Internalization of Liposomes by 

Bladder Tumor Cells Using a Fibronectin Attachment Protein-Derived Peptide-Lipopolymer 
Conjugate”, Bioconjugate Chemistry 2017 28, 1481-1490. 

 
133. A. Broniec, A. Zadlo, A. Pawlak, B. Fuchs, R. Klosinski, D. H Thompson, T. Sarna, “Interaction of 

Plasmenylcholine with Free Radicals in Selected Model Systems”, Free Radical Biology & Medicine 
2017 106, 368-378. 

 
134. A. Naz, Y. Cui, C. J. Collins, D. H. Thompson, J. Irudayaraj, “PLGA-PEG Nano-delivery System for 

Epigenetic Therapy”, Biomedicine & Pharmacotherapy 2017 90, 586-597. 
 
135. C. E. Falcone, Z. Jaman, M. Wleklinski, A. Koswara, D. H. Thompson, R. G. Cooks, “Reaction Screening 

and Optimization of Continuous-Flow Atropine Synthesis by Preparative Electrospray Mass 
Spectrometry”, Analyst 2017 142, 2836-2845. 
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136. Y. Lee, D. H. Thompson, “Stimuli-responsive Liposomes for Drug Delivery” WIREs: Nanomedicine & 

Nanobiotechnology 2017 9, e1450. 
 
137. H. S. Ewan, K. Iyer, S.-H. Hyun, M. Wleklinski, R. G. Cooks, D. H. Thompson, “Multistep Flow Synthesis 

of Diazepam Guided by Droplet Reaction Screening With Mechanistic Insights from Rapid MS 
Analysis”, Organic Process Research & Development 2017 21, 1566-1570. 

 
138. B. Hudson, S.-H. Hyun, D. H. Thompson, A. M. Lyon, “Phospholipase Cβ3 Membrane Adsorption and 

Activation is Regulated by its C-terminal Domains and PIP2”, Biochemistry 2017 56, 5604-5614. 
 
139. K. J. Wright, S. Samaddar, V. Badwaik, S.-H. Hyun, K. Glauninger, T. Eom, D. H. Thompson, 

“Organocatalytic Synthesis and Evaluation of Polycarbonate Pendant Polymer:b-Cyclodextrin-based 
Nucleic Acid Delivery Vectors”, Macromolecules 2018 51, 670-678. 

 
140. M. Wleklinski, B. P. Loren, C. Ferreira, Z. Jaman, L. Avramova, T. J. P. Sobreira, D. H. Thompson, R. G. 

Cooks, “High Throughput Reaction Screening Using Desorption Electrospray Ionization Mass 
Spectrometry”, Chemical Science 2018 9, 1647-1653. 

 
141. R. VerHeul, C. Sweet, D. H. Thompson, “Rapid and Simple Purification of Elastin-like Polypeptides 

Directly from Whole Cells and Cell Lysates by Organic Solvent Extraction”, Biomaterials Science 2018 
6, 863-876. 

 
142. J. Payne, V. Badwaik, H. Waghwan, H. Moolani, S. Tockstein, D. H. Thompson, D. Rajalingam, 

“Development of Dihydrochalcone-functionalized Gold Nanoparticles for Augmented Antineoplastic 
Activity”, International Journal of Nanomedicine 2018 13, 1917-1926. 

 
143. Y. Lee, S. B. Pai, R. V. Bellamkonda, D. H. Thompson, J. Singh, “Cerivastatin Nano-Liposome as a 

Potential Disease Modifying Approach for the Treatment of Pulmonary Arterial Hypertension”, Journal 
of Pharmacology and Experimental Therapeutics 2018 366, 66-74. 

 
144. Z. Jaman, A. Mufti, S. Sah, L. Avramova, D. H. Thompson, “High-throughput Experimentation and 

Continuous Flow Validation of Suzuki-Miyaura Cross-Coupling Reactions”, Chemistry – A European 
Journal 2018 24, 9546-9554. 

 
145. Y. A. Mondjinou, B. P. Loren, V. Badwaik, S.-H. Hyun, A. Demoret, J. Skulsky, C. Chaplain, D. H. 

Thompson, “Gd3+:DOTA-modified 2-Hydroxypropyl-b-Cyclodextrin/4-Sulfobutyl Ether-b-Cyclodextrin-
Based Polyrotaxanes as Long Circulating High Relaxivity MRI Contrast Agents”, Bioconjugate 
Chemistry 2018 29, 3550-3560. 

 
146. B. Szilagyi, A. Koswara, B. Loren, C. Ferreira, D. H. Thompson, Z. K. Nagy, “Piezoelectric-Based High 

Performance Spray Solvent Delivery System for Desorption Electrospray Ionization Mass 
Spectrometry: Systematic Design and Case Studies for High Throughput Screening of N-Alkylation 
Reactions”, Chemical Engineering Science 2019 195, 1010-1020. 

 
147. K. Egele, N. Baudendistel, S. Samaddar, D. H. Thompson, G. Wenz, “Synthesis of Hydroxypropyl-b-

Cyclodextrin:Poly(decamethylenephosphate) and Evaluation of its Cholesterol Efflux Potential in 
Niemann-Pick C1 Cells”, Journal of Materials Chemistry B 2019 7, 528-537. 
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148. Z. Jaman, T. J. P. Sobreira, A. Mufti, C. R. Ferreira, R. G. Cooks, D. H. Thompson, “On-demand Rapid 
Synthesis of Lomustine Under Continuous Flow Conditions”, Organic Process Research & 
Development, 2019 23, 334-341. 

 
149. A. Kim, J. Zhou, S. Samaddar, S. H. Song, D. H. Thompson, B. Ziaie, “An Implantable Ultrasonically-

Powered Micro-Light-Source (µLight) for Photodynamic Therapy”, Scientific Reports 2019 9, 1395. 
 
150. B. P. Loren, H. S. Ewan, L. Avramova, C. R. Ferreira, T. J. P. Sobreira, K. Yammine, H. Liu, R. G. Cooks, D. 

H. Thompson, “High Throughput Experimentation Using DESI-MS to Guide Continuous-Flow 
Synthesis”, Scientific Reports 2019 9, 14745. 

 
151. S. Samaddar, J. Mazur, D. Boehm, D. H. Thompson, “Development and In Vitro Characterization of 

Bladder Tumor Cell Targeted Lipid-Coated Polyplex for Dual Delivery of Plasmids and Small Molecules”, 
International Journal of Nanomedicine 2019 14, 9547-9561. 

 
152. Z. Jaman, D. L. Logsdon, B. Szilagyi, T. J. P. Sobreira, D. Aremu, L. Avramova, R. G. Cooks, D. H. 

Thompson, “High-Throughput Experimentation and Continuous Flow Evaluation of Nucleophilic 
Aromatic Substitution Reactions”, ACS Combinatorial Science, 2020 4, 184-196. 

 
153. Z. Struzik, A. Weerts, J. Storch, D. H. Thompson, “Stereospecific Synthesis of Phosphatidylglycerol 

Using a Cyanoethyl Phosphoramidite Precursor”, Chemistry & Physics of Lipids 2020 231, 104933. 
 
154. D. L. Logsdon, Y. Li, T. J. P. Sobreira, C. R. Ferreira,  D. H. Thompson, R. G. Cooks, “High Throughput 

Screening of Reductive Amination Reactions Using Desorption Electrospray Ionization (DESI) Mass 
Spectrometry”, Organic Process Research & Development 2020 24, 1647-1657. 

 
155. T. Sobreira, L. Avramova, B. Szilagyi, D. Logsdon, B. Loren, Z. Jaman, R. Hilger, R. S. Hosler, C. Ferreira, 

A. Koswara, D. H. Thompson, R. G. Cooks, Z. Nagy, “High-throughput Screening of Organic Reactions 
in Microdroplets Using Desorption Electrospray Ionization Mass Spectrometry (DESI-MS): Hardware 
and Software Implementation”, Analytical Methods 2020 12, 3654-3669. 

 
156. S. Biyani, Q. Qi, J. Wu, Y. Moriuchi, E. A. Larocque, H. O. Sintim, D. H. Thompson, “Use of High-

throughput Tools for Telescoped Continuous Flow Synthesis of an Alkynylnapthyridine Anticancer 
Agent, HSN608”, Organic Process Research & Development 2020 24, 2240-2251. 

 
157. H. S. Ewan, S. Biyani, J. DiDomenico, D. Logsdon, T. J. P. Sobreira, L. Avramova, R. G. Cooks, D. H. 

Thompson, “Aldol Reactions of Bio-renewable Triacetic Acid Lactone Precursor Evaluated Using 
Desorption Electrospray Ionization Mass Spectrometry High Throughput Experimentation”, ACS 
Combinatorial Science 2020 22, 796-803. 

 
158. S. Samaddar, J. Mazur, J. Sargent, D. H. Thompson, “Immunostimulatory Response of RWFV Peptide-

Targeted Lipid Nanoparticles on Bladder Tumor Associated Cells”, ACS Applied Bio Materials 2021 4, 
3178-3188. 

 
159. C. Sweet, A. Aayush, L. Readnour, K. V. Solomon, D. H. Thompson, “Development of a Fast Organic 

Extraction-Precipitation Method for Enhanced Purification of Elastin-like Polypeptides Independent of 
Charge and Size”, Biomacromolecules 2021 22, 1990-1998. 
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160. Md. R. Hoq, F. S. Vago, K. Li, M. Kovaliov, R. J. Nicholas, D. M. Huryn, P. Wipf, W. Jiang, D. H. Thompson, 

“Affinity Capture with Small Molecule Bait for CryoEM: New Sample Preparation Method Reveals a 
3.6Å Double-ring p97 Structure”, ACS Nano 2021, 15, 8376-8385. 

 
161. S. A. Biyani, Y. Moriuchi, D. H. Thompson, “Advancement in Organic Synthesis Through High-

Throughput Experimentation”, Chemistry – Methods 2021 1, 323-339. 
 
162. C. Pan, K. Banerjee, G. Lehmann, D. Almeida, K. A. Hajjar, I. Benedicto, Z. Jiang, R. A. Radu, D. H. 

Thompson, E. Rodriguez-Boulan, M. M. Nociari “Lipofuscin Causes Atypical Necroptosis Through 
Lysosomal Membrane Permeabilization”, Proceedings of the National Academy of Sciences USA 2021 
118, e2100122118. 

 
163. E. Gonzalez Solveyra, D. H. Thompson, I. Szleifer, “Proteins Adsorbing Onto Surface Modified 

Nanoparticles: Effect of Surface Curvature, pH and the Interplay of Polymer and Proteins Acid-Base 
Equilibria”, Polymers 2022 14, 739. 

 
164. G. Murbach-Oliveira, K. Banerjee, M. M. Nociari, D. H. Thompson, “Continuous Flow Synthesis of A2E 

Guided by Design of Experiments and High Throughput Studies”, ACS Bio & Med Chem 2022 2, 297-
306. 

 
165. S. Samaddar, D. Bose, B. P. Loren, J. L. Skulsky, O. Ilnytska, Z. J. Struzik, J. Storch, D. H. Thompson, 

“Structure-Function Relationships of Cholesterol Mobilization From the Endo-Lysosome 
Compartment of NPC1-deficient Human Cells by b-CD Polyrotaxanes”, PLoS ONE 2022 17, e0268613. 

 
166. Z. J. Struzik, S. Biyani, T. Grotzer, J. Storch, D. H. Thompson, “Synthesis of Phosphatidyl Glycerol 

Containing Asymmetric Acyl Chains Using H-Phosphonate Methodology”, Molecules 2022 27, 2199. 
 
167. R. J. Nicholas, M. A. McGuire, S.-H. Hyun, M. N. Cullison, D. H. Thompson, “Development of an 

Efficient, High Purity Continuous Flow Synthesis of Diazepam”, Frontiers in Chemical Engineering 
2022 4, 877498. 

 
168. S. A. Biyani, C. Lytle, S.-H. Hyun, M. McGuire, R. Pendyala, D. H. Thompson, “Development of a 

Continuous Flow Synthesis of Lorazepam”, Organic Process Research & Development 2022 26, 2715-
2727. 

 
169. Aayush, S. Darji, D. Dhawan, A. Enstrom, M. M. Broman, M. T. Idrees, H. Kaimakliotis, T. Ratliff, D. 

Knapp, D. H. Thompson, “Targeted Elastin-like Polypeptide Fusion Protein for Near-Infrared Imaging 
of Human and Canine Transitional Cell Carcinoma in Bladder Tumors”, Oncotarget 2022 13, 1004-
1016. 

 
170. S. C. Bolton, D. H. Thompson, T. L. Kinzer-Ursem, “Method Optimization for the Expression and 

Purification of Human Calcium Calmodulin-Dependent Protein Kinase II Alpha”, PLoS ONE 2023, 
in press. 

 
171. S. Darji, A. Aayush, K. M. Estes, J. D. Strock, D. H. Thompson, “Unravelling the Mechanism of 

Elastin-like Polypeptide-Enzyme Fusion Stabilization in Organic Solvent”, Biomacromolecules 
2023, submitted. 
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172. K. M. Estes, D. H. Thompson, “Synthesis and Characterization of One-Dimensional Water-Soluble 

Copolymer Brushes: A Review”, Polymer Reviews 2023, submitted. 
 
 
IN PREPARATION 
173. Aayush, S. Darji, D. H. Thompson, “Development of an Elastin-like Polypeptide-based Nucleic Acid 

Delivery System Targeted to EGFR+ Bladder Cancer Cells Using a Layer-by-Layer Approach”. 
 
174. J. Mackey, I. Akturk, A. Mufti, A. Harris, J. Prahlow, D. Weinstein, S. Godoshian, D. H. Thompson, 

Z. K. Nagy, “End to End Synthesis and Purification of Lomustine”. 
 

175. Z. Struzik, B. Cooper, O. Ilnytska, J. Storch, D. H. Thompson, “Elucidation of the 
Phosphatidylglycerol Lipid Biosynthetic Pathway Using Multiple Reaction Monitoring”. 

  
 
BOOK CHAPTERS, REVIEWS & OPINION ARTICLES 
 1. “Comprehensive Organic Transformations: A Guide to Functional Group Preparations, 2nd Edition” (R. 

C. Larock, Wiley, 1999) Pharmaceutical Research 2001 18, 1386. 
 
 2. “Solid-Phase Organic Synthesis” (K. Burgess, Ed., Wiley, 2000) Pharmaceutical Research 2001 18, 

1386-1387. 
 
 3. “Solid-Phase Synthesis and Combinatorial Technologies” (P. Seneci, Ed., Wiley, 2000) Pharmaceutical 

Research 2001 18, 1387. 
 
 4. “Active Transport of Ca2+ by an Artificial Photosynthetic Membrane” News & Views, Nature Materials 

2002, 1, 214-215; ibid, pp. 398-401. 
 
 5. D. H. Thompson, P. Shum, O. V. Gerasimov, M. M. Qualls, “Photosensitive Liposomes as Potential 

Targeted Therapeutic Agents”, in Nanoparticulate Drug Delivery Systems: Strategies, Technologies, 
and Applications, Y. Yeo, Ed., John Wiley & Sons, Hoboken, NJ, 2013, pp. 81-99. 

 
 6. S. Samaddar, D. H. Thompson, “Nucleic Acid Anticancer Agents”, in Biomaterials for Cancer 

Therapeutics: Evolution and Innovation, 2nd Edition, K. Park, Ed., Elsevier, 2020, pp. 165-185. 
  
 
PATENTS 
 1.  U. S. Patent #5,277,913 (Issued 1/11/94):  D. Thompson, V.C. Anderson, "Liposomal Delivery System 

With Photoactivatable Triggered Release."  (Japanese Patent No. 502261/95) 
 
 2.  U.S. Patent #6,979,460 (Issued 12/27/05):  D. Thompson, J.A. Boomer, R. Haynes, “Vinyl Ether Lipids 

with Cleavable Hydrophilic Headgroups” 
 
 3.  US Patent #7,374,944 (Issued 5/20/2008):  O. Basaran, C. Hrycyna, K. Park, D. Thompson, “Device and 

Bioanalytical Method Utilizing Asymmetric Biofunctionalized Membrane” 
 
 4.  US Patent #8,916,697 (Issued 12/23/2014): D. Thompson, “Nucleic Acid Complexes, Methods of 

Preparation Thereof, and Uses Thereof for Delivery Nucleic Acid Into A Cell” 
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 5.  US Patent #9,341,621 B2 (Issued 5/17/16): C. Savran, P. Low, D. Thompson, W. Henne, D. 

Doornweerd, C.-L. Chang, G. Acharya, D. Brownholland: “Ultrasensitive Detection of Biomolecules 
Using Immunoseparation and Diffractometry” 

 
 6.  US Patent #9,518,114 B2 (Issued 12/13/16): R.C. Aguilar, T. Ratliff, D. Thompson, S. Crist, “Treating 

Bladder Tumor Cells Using Fibronectin Protein As A Target” 
 
 7.  U.S. Patent #9,526,802 B2 (Issued 12/27/16): D. Thompson, A. Kulkarni, W. Deng, “Nucleic Acid 

Complexes”. 
 
 8.  U.S. Patent #10,000,581 B2 (Issued 6/19/18): D. Thompson, A. Kulkarni, C. Collins, Y. Mondjinou: 

“Therapeutic and Imaging Compositions and Uses Thereof”. 
 
 9.  U.S. Patent #10,118,996 B2 (Issued 11/6/18): D. Thompson, S.-H. Hyun, K. J. Wright: “Polyrotaxanes 

and Uses Thereof”. 
 
 10.  U.S. Patent #11,434,330 B2 (Issued 9/6/22): D. Thompson, S.-H. Hyun, Y. Mondijnou, C. Collins: 

“Polyrotaxanes Bearing Mixed Cyclodextrin Species and Uses Thereof”. 
 
 11. WO 2019/165390: D. H. Thompson, R. VerHeul, C. Sweet, “Rapid and Simple Purification of Elastin-

like Polypeptides Directly from Whole Cells and Cell Lysates by Organic Solvent Extraction”. 
 
 12. 2019-THOM-68395: D. H. Thompson, Z. Jaman, R. G. Cooks, C. A. Ferreira, “Low Cost Synthesis of 

Lomustine Under Continuous Flow Conditions”. 
 
13. 2020-THOM-69095: D. H. Thompson, S. Biyani, Q. Qi, H. Sintim, “New Method for Synthesizing 

HSN608 Anticancer Agent, HSN608s”. 
 
14. 2020-THOM-69096: D. H. Thompson, Z. Nagy, A. Mufti, J. Mackey, “Scaled-Up Synthesis of Lomustine 

Under Continuous Flow Conditions” 
 
15. 2021-THOM-69651: D. H. Thompson, “A Fast and Efficient Process for the Preparation of N-

Retinylidene-N-Retinylethanolamine (A2E)”. 
 
16. 2022-THOM-69904: D. H. Thompson, S. Biyani, M. A. McGuire, “Continuous Flow Synthesis of 

Lorazepam”. 
 
17. 2023-THOM-xxxxx: D. H. Thompson, A. Aayush, S. Darji, “Delivery of Nucleic Acids Using a Targeted 

Peptide Carrier System”. 
 
 
CONFERENCES ORGANIZED 
 American Chemical Society Symposium: “Intelligent Materials & Novel Concepts for Controlled Release 

Technology: Liposome Technology”, 4/13-18/97, San Francisco, CA. 
 Materials Research Society Symposium: “Materials Science of Phospholipid Assemblies”, 11/29-12/3/99, 

Boston, MA. 
 Gordon Research Conference, Chemistry of Supramolecules and Assemblies, 6/12-6/17/05, Colby 

College, Waterville, ME; www.grc.uri.edu/programs/2005/supramol.htm. 
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 American Chemical Society Symposium: “Drug Delivery”, MEDI, 8/21/07, Boston, MA. 
 American Chemical Society Symposium: “Advanced Materials Designs for Drug and Gene Delivery”, 

MEDI, 9/10/13, Indianapolis, IN. 
 American Chemical Society Symposium: “Smart Polymers and Materials from Cyclodextrins”, POLY, 

Spring 2017, San Francisco, CA. 
 
 
INVITED PRESENTATIONS 
 FASEB Archaebacteria Research Meeting, Williamsburg, VA, 10/24/89, Lecture. 
 Oregon Materials Symposium, Eugene, OR, 5/9/92, Lecture. 
 GRC: Chemistry of Supramolecules & Assemblies, Henniker, NH, 7/5/93, Discussion Leader.  
 GRC: Chemistry of Supramolecules & Assemblies, Henniker, NH, 7/28/95, Lecture. 
 American Oil Chemist’s Society, Gene Therapy Symposium, Indianapolis, IN, 4/30/96, Lecture. 
 NSF Workshop on Physical Organic Chemistry, Whidbey Island, WA, 6/96, Lecture. 
 9th Int’l Symp. on Molecular Recognition and Inclusion, Lyon, France, 9/7-12/96, Lecture. 
 Artificial Self-Assembling Systems for Gene Delivery, Coronado, CA, 11/16/96, Lecture. 
 ACS Symposium: Intelligent Materials for Drug Delivery, San Francisco, CA, 4/13-18/97, Lecture. 
 1st Int’l Symp. on Ordered Proteins at Interfaces, U. Washington, Seattle, WA, 8/17-19/97, Lecture. 
  ACS Symposium: Syn. Design and Char. Surf. & Interfac., Las Vegas, NV 9/7-11/97, Lecture. 
 Ohio State University, Department of Chemistry, Columbus, OH, 1/29/98 
 Renaissance in Dermatology, Montecatini, Italy, 3/25-28/98, Lecture. 
 6th Int’l Liposome Research Days Conference, Isle d’Hyeres, France, 5/28-31/98, Lecture. 
 1st Int’l Supramolecular Chemistry Conference, Zakopane, Poland, 9/27-10/2/98, Lecture. 
 University of Utrecht-Department of Pharmaceutics, Utrecht, Holland, 10/6/98, Lecture. 
 Eindhoven University-Department of Chemistry, Eindhoven, Holland, 10/7/98, Lecture. 
 1st Int’l Academy of Cosmetic Dermatology, St. Julian, Malta, 1/27-31/99, Lecture. 
 Structure and Design of Synthetic Gene Carriers, San Francisco, CA, 2/24-26/99, Lecture. 
 Bürgenstock Conference on Stereochemistry, Burgenstock, Switzerland, 4/25-30/99, Poster. 
 GRC: Chemistry of Supramolecules and Assemblies, Henniker, NH, 8/1-6/99, Discussion Leader. 
 ACS Symposium: Novel Surfactants, New Orleans, LA, 8/22-26/99, Lecture. 
 IUPUI Physics Colloquium, Indianapolis, IN, 9/16/99 
 National Institute of Standards & Technology, Rockville, MD, 10/19/99, Lecture. 
 ARO Workshop, Templated Nanoscale Synthesis & Reactivity, Edgewood, MD, 10/20-21/99, Lecture. 
 University of Toronto-Dept. Medical Biophys. & Biochem., Toronto, ON, 12/9/99, PENCE Lecture. 
 GRC: Drug Carriers in Medicine & Biology, Ventura, CA, 2/20-25/00, Lecture. 
 Liposome Research Days, Napa, CA, 4/12-15/00, Lecture. 
 Central Regional ACS Meeting Symposium, Cincinnati, OH, 5/16-19/00, Lecture. 
 NIH Workshop, Nanoscience & Nanotechnology, Bethesda, MD, 6/25-26/00, Poster. 
 XVIII IUPAC Symposium on Photochemistry, Dresden, Germany, 7/22-25/00, Poster. 
 10th Int’l Conf. on Colloid and Interfacial Science, Bristol, England, 7/25-28/00, Lecture. 
 NSF Workshop on Materials Chemistry, Mt. Hood, OR, 10/12-15/00, Lecture. 
 Washington State University-Department of Chemistry, Pullman, WA, 11/27/00, Lecture. 
 North Carolina State University-Department of Chemistry, Raleigh, NC, 1/29-30/01, Lecture. 
 Particles 2001, Orlando, FL, 2/24-28/01, Lecture. 
 Antioch College-Department of Chemistry, Antioch, OH, 3/16/01, Lecture. 
 Interface of Biology & Mat. Sci., Purdue MATCON Symposium, West Lafayette, IN, 3/28/02, Lecture. 
 ACS Symposium: Drug Delivery Systems, Orlando, FL, 4/7-9/02, Lecture. 
 Particles 2002, Orlando, FL, 4/21-23/02, Keynote Lecture. 
 Bowling Green State University-Department of Chemistry, Bowling Green, OH, 5/1/02, Lecture. 
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 ACS Symposium: Polymeric Bioconjugates, Boston, MA, 8/22/02, Lecture. 
 Elmhurst College-Department of Chemistry, Elmhurst, IL, 9/18/02, Lecture. 
 2nd Conf. on Tumor Targeted Drug Delivery, National Cancer Inst., Bethesda, MD, 9/24/02, Lecture. 
 Brown University-Department of Chemistry, Providence, RI, 3/7/03, Lecture. 
 University of Florida-Department of Pharmaceutics, Gainesville, FL, 4/24/03, Lecture. 
 University of Wisconsin-Department of Pharmacy, Madison, WI, 5/6/03, Lecture. 
 Colorado State University-Department of Chemistry, Ft. Collins, CO, 5/10/03, Lecture. 
 GRC: Bioorganic Chemistry, Andover, NH, 6/19/03, Lecture. 
 GRC: Chemistry of Supramolecules & Assemblies, Ventura, CA, 7/7/03, Discussion Leader. 
 ACS Symposium: Polymeric Drug Delivery Symposium, New York, NY, 9/7/03, Lecture. 
 11th Int’l Conf. on Surface & Colloid Science, Iguassu Falls, Brazil, 9/15-19/03, Lecture. 
 9th Int’l Kyoto Conference on New Aspects of Organic Chemistry, Kyoto, JP, 11/12/03, Lecture. 
 Osaka Prefecture University-Department of Applied Materials Science, Osaka, JP, 11/12/03, Lecture. 
 Japan Advanced Institute of Science & Tech., School of Mat. Sci., Komatsu, JP, 11/14/03, Lecture. 
 Osaka Dental University, Osaka, JP, 11/17/03, Lecture. 
 Osaka University-Department of Molecular Chemistry, Osaka, JP, 11/20-21/03, 3 Lectures. 
 University of Victoria-Department of Chemistry, Victoria, BC, Canada, 1/5/04, Lecture. 
 Rutgers University-Department of Chemistry, New Brunswick, NJ, Departmental Colloquium. 
 9th Liposome Research Days, Taipei, Taiwan, 5/12/04, Lecture. 
 Purdue Nanomedicine Symposium, West Lafayette, IN, 7/26/04, Lecture. 
 13th Int’l Symposium on Supramolecular Chemistry, South Bend, IN, 7/27/04, Lecture. 
 ARO Workshop, Jackson Hole, WY, 10/7/04, Lecture. 
 National Renewable Energy Laboratory, Golden, CA, 1/24/05, Lecture. 
 University of Colorado-Department of Chemistry, Boulder, CA, 1/25/05, Lecture. 
 Max Planck Institute-Biophysics Institute, Frankfurt, Germany, 1/30/05, Lecture. 
 University of Twente-Department of Chemistry, Enschede, Netherlands, 2/2/05, Lecture. 
 ACS Symposium: Surfactant Self-Assembly, San Diego, CA, 3/13-3/17/05, 3 Lectures. 
 MRS Symp.: Nano-Bio Interfac.; Smart Surf.; Dyn. Self-Assem., San Francisco, CA, 3/29-30/05, 3 Lect. 
 Scanning 2005, Monterrey, CA, 4/7/05, Lecture. 
 University of North Carolina, Chapel Hill-Department of Chemistry, Chapel Hill, NC, 4/28/05, Lecture. 
 GRC: Chemistry of Supramolecules & Assemblies, Ventura, CA, 6/17/05, Discussion Leader.  
 Particles 2005, San Francisco, CA, 8/15/05, Keynote Lecture. 
 NanoTechnology 2005, JAIST-Komatsu, JP, 9/15-9/19/05, Lecture. 
 Illinois State University, Department of Chemistry, Normal, IL, 1/27/06, Lecture. 
 Frontiers in Nanotechnology, Northwestern University, Evanston, IL, 2/23/06, Lecture. 
 University of Arizona, Department of Chemistry, Tuczon, AZ, 2/27/06, Lecture. 
 Particles 2006, Orlando, FL, 5/14/06, Keynote Lecture. 
 Purdue University Cancer Center Retreat, West Lafayette, IN, 9/7/06, Lecture. 
 Osaka University, Department of Applied Chemistry, Osaka, JP, 11/20/06, Lecture. 
 Hokkaido University, Department of Pharmaceutical Sciences, Hokkaido, JP, 11/22/06, Lecture. 
 Nara Advanced Institute of Science & Technology, School of Chem. Sci, Nara, JP, 11/27/06, Lecture. 
 Osaka University, Department of Polymer Science, Osaka, JP, 11/28/06, Lecture. 
 Japan Advanced Institute of Science & Tech., School of Mat. Sci., Komatsu, JP, 11/29/06, Lecture. 
 RIKEN, Tokyo, JP, 12/4/06, Lecture. 
 University of Tokyo-Hongo, Tokyo, JP, 12/6/06, Lecture. 
 Tokyo Institute of Technology, Tokyo, JP, 12/7/06, Lecture. 
 33rd Symposium on Main Group Chemistry, Fukuoka University, Kyushu, JP, 12/9/06, Lecture. 
 Kyushu University, Dept. of Chemistry & Biochemistry, Kyushu, JP, 12/11/06, Lecture. 
 Tokyo Medical & Dental University, Inst. of Biomaterials & Bioengr., Tokyo, JP, 12/12/06, Lecture. 
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 Kyoto University, Graduate School of Engineering, Kyoto, JP, 12/13/06, Lecture. 
 Kyoto University, Graduate School of Human & Environmental Studies, Kyoto, JP, 12/15/06, Lecture. 
 National Meeting, American Oil Chemist’s Society, Quebec City, Quebec, 5/14/07, Lecture. 
 Steacie Institute for Molecular Science, NRC, Ottawa, Canada, 5/17/07, Lecture. 
 ACS Symposium: Drug Delivery, Boston, MA, 8/21/07, Lecture. 
 Polytechnic University, Dept. of Chemical & Biological Engineering, Brooklyn, NY, 11/16/07, Lecture. 
 International Liposome Society 2007 Annual Meeting, London, UK, 12/8-11/07, Lecture. 
 City College of New York, Dept. of Chemical Engineering, New York, NY, 3/3/08, Lecture. 
 Particles 2008, Orlando, FL, 5/10-13/08, Keynote Lecture. 
 Technical University of Denmark, Dept. of Micro & Nanotechnology, Roskilde, DK, 7/4/08, Lecture. 
 Tokyo Medical & Dental University, Inst. of Biomatl’s & Bioengineering, Tokyo, JP, 7/17/08, Lecture. 
 11th Liposome Research Days, Yokohama, JP, 7/20-22/08, Lecture. 
 GRC: Drug Carriers in Medicine & Biology, Big Sky, MT, 8/24-29/08, Lecture. 
 University of Pennsylvania, Dept. of Pharmacology, Philadelphia, PA, 11/12/08, Lecture. 
 National Cancer Institute, Nanobiology Seminar Series, Frederick, MD, 1/16/09, Lecture. 
 ARO Workshop, Napa, CA, 3/11/09, Lecture. 
 Nanotechnology, Liposomes and Health, Ilha Itaparica, Brazil, 4/18/09, Lecture. 
 Rutgers University-Department of Chemistry, New Brunswick, NJ, 10/6/09, Lecture. 
 U. Southern California, Dept. of Pharmacology & Pharmaceutical Sci, Los Angeles, CA, 12/09, Lecture. 
 ACS Symposium in Honor of Clifford Bunton, San Francisco, CA, 3/21/10, Lecture. 
 Brazilian Biochemistry & Cell Biology Annual Meeting, Iguassu Falls, Brazil, 5/16-20/10, Lecture. 
 Particles 2010, Orlando, FL, 5/23/10, Keynote Lecture. 
 Bio/Abio Interface Symposium, U. Canterbury, Christchurch, NZ, 6/22-24/10, Lecture. 
 KIST-Purdue Symposium, Seoul, ROK, 6/28/10, Lecture. 
 Pohang University of Science & Technology (POSTECH), Pohang, ROK, 7/1/10, Lecture. 
 ACS Symposium on Drug & Gene Delivery, Boston, MA, 8/22-24/10, Lecture. 
 GRC: Biointerfacial Science, 9/5-10/10, Les Diablerets, Switzerland, Lecture. 
 University of Basel-Department of Chemistry, Basel, Switzerland, 9/10/10, Lecture. 
 University of Geneva-Department of Chemistry, Geneva, Switzerland, 9/14/10, Lecture. 
 Case Western Reserve University, Dept. of Biomedical Engineering, Cleveland, OH, 2/24/11, Lecture. 
 Parseghian Scientific Conf. for Niemann-Pick Type C Research, South Bend, IN, 6/10/11, Lecture. 
 Technical University of Denmark, Dept. of Micro- and Nanotechnology, Lyngby, DK, 8/11/11, Lecture. 
 President’s Council Back-to-Class, West Lafayette, IN, 9/30/11, Lecture. 
 U. Michigan-Department of Chemistry, Ann Arbor, MI, 11/10/11, Lecture. 
 Purdue U.-Department of Biological Sciences, West Lafayette, IN, 11/16/11, Lecture. 
 Georgetown U., Dept. of Chemistry, Georgetown, DC, 2/2/12, Lecture. 
 Parseghian Scientific Conf. for Niemann-Pick Type C Research, South Bend, IN, 6/9/12, Lecture. 
 Shanghai University, Department of Chemistry, Shanghai, China, 10/7/12, Lecture. 
 Southwest University for the Nationalities, Chengdu, China, 10/9/12, Lecture. 
 University of Illinois-Chicago, Dept. of Pharmacy, Chicago, IL, 3/27/13, Lecture. 
 GRC: Self-Assembly and Supramolecular Chemistry, 5/5-10/13, Les Diablerets, Switzerland, Lecture. 
 16th Annual Meeting, American Society of Gene & Cell Therapy, Salt Lake City, UT, 5/15/13, Lecture. 
 National University of Singapore, Dept. of Chemical & Biomolecular Engineering, Singapore, 7/26/13 
 SABIC, Bangalore, India, 7/30/13, Lecture. 
 Indian Institute of Science, Bangalore, India, 8/1/13, Lecture. 
 Chulalongkorn University, Bangkok, Thailand, 8/5 – 8/12/13, Short Course. 
 Contrast Media Research 2013, Beijing, China, 11/3/13, Lecture. 
 Institute of Chemical Technology-Mumbai, Mumbai, India, 11/28/13, Lecture. 
 Southwest University for the Nationalities, Chengdu, China, 4/8/14, Lecture. 
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 17th Cyclodextrin Symposium, Saarbrücken, Germany, 5/29 – 5/31/14, Plenary Lecture. 
 MM&C Parseghian Scientific Conference for NPC Research, South Bend, IN, 6/14/14, Lecture. 
 U. Pennsylvania-CT3N Symposium, Philadelphia, PA, 11/12/14, Lecture. 
 Rare and Neglected Disease Symposium, South Bend, IN, 2-13-15, Lecture. 
 U. Missouri-Columbia, Columbia, MO, 3-2-15, Lecture. 
 4th European Conference on Cyclodextrins, Lille, France, 10/8/15, Lecture. 
 Goethe University, Department of Pathobiology, Frankfurt, Germany, 10/13/15, Lecture. 
 Contrast Media Research 2015, Berlin, Germany, 11/3/15, Lecture. 
 University of California – Los Angeles, Department of Chemistry, Los Angeles, CA, 2/29/16, Lecture. 
 Carthage College, Department of Chemistry, Kenosha, WI, 9/19/16, Lecture. 
 University of Notre Dame – Purdue University Polymer Symposium, South Bend, IN, 10/8/16, Lecture. 
 Northeastern University, Department of Pharmaceutics, Boston, MA, 4/20/17, Lecture. 
 Tulane University, Department of Chemistry, New Orleans, LA, 4/24/17, Lecture. 
 Purdue University, Dept. of Industrial & Physical Pharmacy, West Lafayette, IN, 11/20/17, Lecture. 
 Oregon Health & Science University, Portland, OR, 6/19/18, Lecture. 
 GRC: Drug Carriers in Medicine & Biology, 8/12 – 8/17/18, Lecture. 
 University of Washington, Molecular Engineering & Sciences Institute, Seattle, WA, 10/23/18, Lecture. 
 Pharmaceutica 2019, Edinburgh, Scotland, 3/19/19, Lecture. 
 SOAR-NPC Cyclodextrin Meeting, New York, NY, 4/23/19, Lecture. 
 Commercializing Flow Chemistry Summit 2020, Virtual Meeting, 8/26/20, Lecture. 
 Drug Discovery, Development & Lead Optimization 2020, Virtual Mtg, 10/5/20, Lecture & Session Chair. 
 2020 Nat’l Inst. for Pharmaceutical Tech. & Education Research Conf., Virtual Meeting, 12/9/20, Lecture. 
 eMolecules Webinar, Virtual Meeting, 4/21/21, Lecture. 
 2nd Applied Biocatalysis Summit 2021, Virtual Meeting, 11/4/21, Lecture. 
 Flow Chemistry Summit 2022, Boston, MA, 3/17-18/22, Lecture. 
 ACS National Meeting, Innovative Technologies to Support 21st Century Agriculture Symposium, 

 Indianapolis, IN, 3/27/23, Lecture. 
 Commercializing Flow Chemistry Summit 2023, Boston, MA, 10/16-18/23, Lecture. 

 API Innovation Center Summit: Pathway to Build Supply Chain Resilience for Critical Drugs, 11/8/23, 
Workshop Panelist. 

 8th International Conference on Catalysis and Chemical Engineering, Boston, MA, 2/26-28/24, Lecture. 
  
 
SERVICE 

Reviewer for the following journals: 
 Science Biophysical Journal 
 Nature Biophysical Chemistry 
 Nature-Biotechnology Chemistry-A European Journal 
 Nature-Materials Chemistry & Biology 
 Science Translational Medicine Advanced Drug Delivery Reviews 
 Journal of the American Chemical Society Biochimica et Biophysica Acta 
 Angewandte Chemie, International Edition Pharmaceutical Research 
 Langmuir Bioorganic & Medicinal Chemistry Letters 

Bioconjugate Chemistry Journal of Controlled Release 
 Journal of Organic Chemistry Biochemistry 
 Organic Letters Biomacromolecules 
 Journal of Medicinal Chemistry Photochemistry & Photobiology 
 Journal of Physical Chemistry B Journal of Colloid & Interfacial Science 
 Macromolecules Tetrahedron  
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 European Journal of Pharmaceutics & Biopharmaceutics Soft Matter 
 Nanomedicine Chemical Communications 
 Chemistry of Materials Protein Science 
 ACS Nano Lipids 
 Chemistry & Physics of Lipids Journal of Membrane Science 
 Biotechnology & Bioengineering Supramolecular Chemistry 
 Journal of Chemical Education Organic & Biomolecular Chemistry 

 Ad-hoc reviewer for new faculty & international grant programs: 
Cottrell Scholar, Research Corporation Swiss National Science Foundation 
Dreyfus Teacher-Scholar Program Petroleum Research Foundation Program 
NATO Former Soviet Union-US Research Program Israeli-US Bilateral Research Program 
Saskatchewan Medical Research Foundation Biomedical Research Council-Singapore 
UK Biotechnology & Biological Sciences Research Council 

 Purdue Service: 
Center for Cancer Research Targets, Structures & Drugs Interdisciplinary Research Director:  2018-2021 
Center for Cancer Research Chemical & Structural Biology Interdisciplinary Research Co-Director:  2008-2018 
Center for Cancer Research Faculty Screening Committee:  2002 
Center for Cancer Research Grant Review Committee:  2001-present 
College of Science Faculty Council:  2000-2004 
College of Science Educational Policy Committee:  2000-2004 
College of Science Membrane Science COALESCE Faculty Recruiting Committee:  2003-2008 
Life Science Education (PULSe) Admissions Committee:  2004-2007, 2011-2014 
Life Science Microscopy Facility Advisory Committee:  2007-2018 
Library Committee:  2000-2003 
Department of Chemistry Primary Promotions Committee:  2005-2009 
Department of Chemistry Executive Committee:  2001-2011 
Department of Chemistry Faculty Recruiting & Screening Committees:  2001 (Chemical Biology), 2010-2017 (Drug 

Discovery), 2011 (Organic Chemistry), 2013 (Organic Materials), 2022 (Organic Chemistry) 
Department of Chemistry Graduate Studies Committee:  1998-2003, 2011-2015 
Department of Chemistry Industrial Associates Committee:  1994-2000, 2009-2011 
Horizons Program:  1997-2001, 2011 
ACS Student Affiliates Advisor:  1994-1997 
Course Developer, NSF Interdisciplinary Science Education for Engineers:  2005-2015 

 
 

INVOLVEMENT IN EDUCATIONAL PROGRAMS 
Graduate Students Receiving Degree 

Aayush, April 20, 2023 
Ph.D. Thesis:  Developing Elastin-like Polypeptide-based Imaging and Drug Delivery Systems 

Vivek Badwaik, April 19, 2016 
Ph.D. Thesis:  Development and Evaluation of Cyclodextrin Based Materials for Applications in Gene Therapeutics 

 Christopher Benjamin, August 17, 2015 
Ph.D. Thesis:  Non-Fouling Affinity Platforms For Protein Immobilization In Electron Microscopy 

 Shruti Biyani, June 14, 2022 
Ph.D. Thesis:  High-Throughput Experimentation and Continuous Flow Synthesis of Active Pharmaceutical Ingredients 

 Scott C. Bolton, November 26, 2019 
 Ph.D. Thesis:  Quaternary Structure Analysis of Calcium/Calmodulin-Dependent Protein Kinase II Alpha by Cryo-

electron Microscopy 
 Jeremy A. Boomer, January 25, 2000 
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 Ph.D. Thesis:  Synthesis of Acid-Sensitive Lipids and Their Application in Drug & Gene Delivery 
 Christopher J. Collins, May 19, 2015 
 Ph.D. Thesis:  Synthesis, Characterization, In Vitro Evalution, And Preclinical Profiling Of β-Cyclodextrin 

Polyrotaxane Families For Use As Potential Niemann-Pick Type C Therapeutics 
Damien Dobson, May 2022 

 M.S. Thesis:  High-throughput Experimentation of the Buchwald-Hartwig Amination for Reaction Scouting 
 and Guided Synthesis 

H. Sam Ewan, November 8, 2019 
Ph.D. Thesis:  High-Throughput Experimentation with Desorption Electrospray Ionization Mass Spectrometry to 
Guide Continuous-Flow Synthesis 

Wilma Febo-Ayala, August 14, 2006 
Ph.D. Thesis:  Synthesis and Structure-Function Relationships of Tetraether Bisglyceryl Bolalipids for 
Development of a High-Throughput Membrane Protein Biosensor 

Jessica Grey, October 1, 2010 
Ph.D. Thesis:  Development of NTA-modified Ligands and Non-covalent Cyclodextrin-based Templates for 
Crystallization of Histidine-tagged Proteins 

Andres Gonzalez-Bonet, June 28, 2013 
Ph.D. Thesis:  Development of Fusogenic Liposomes Based on Flavivirus-derived Lipopeptides 

Maggie Gunnerson, December 15, 2006 
M.S. Thesis:  Design & Synthesis of NTA-Polyrotaxanes for 1D Crystallization of His-Tag Proteins 

 Minji Ha, May 25, 2015 
 M.S. Thesis:  Non-covalent Affinity Materials For Protein Structure Determination Via Single Particle 

Reconstruction Analysis Cryo-Electron Microscopy 
David P. Holland, July 14, 2008 

Ph.D. Thesis: The Development of a Membrane-Based Biosensor of ICMT: Membrane Synthesis, Properties and 
Methods of Detection 

Robin Hyder, December 1, 1998 
M.S. Thesis:  Synthesis of Lipids for Two-Dimensional Crystallization 

Zinia Jaman, April 8, 2019 
 Ph.D. Thesis: High Throughput Experimentation as a Guide to the Continuous Flow Synthesis of Active 

Pharmaceutical Ingredients 
Hee-kwon Kim, July 14, 2011 

Ph.D. Thesis: Synthesis of Biofunctional Compounds for Protein Crystallization and Gene Delivery 
Aditya Kulkarni, November 16, 2012 

Ph.D. Thesis: Development of Cyclodextrin Based Materials for Gene Delivery 
Young Lee, March 2, 2017 
 Ph.D. Thesis: Development of Targeted Liposomes for Bladder Tumor Imaging and Treatment 
Scott Loethen, March 24, 2008 

Ph.D. Thesis:  Cyclodextrin-Based Pseudopolyrotaxanes and Polyrotaxanes for Biological Applications 
Brad Loren, April 16, 2018 

Ph.D. Thesis:  Part I - Polyrotaxanes as MRI Contrast Agents and NPC Therapeutics. Part II – Development of an 
Analytic-Directed Synthesis System 

Jonathan Merrell, M.D., Indiana School of Medicine, August 2016  
 M.S. Thesis:  Development of Degradable Polymer Particles for Administration of Drugs to the GI Tract 

 Yawo Mondjinou, July 21, 2015 
 Ph.D. Thesis:  b-Cyclodextrin Derivatives Based Molecular Machines for Biomedical Applications and Magnetic 

Resonance Imaging 
 Robert J. Nicholas, May 2022 
 M.S. Thesis:  Process Development for the Synthesis of Essential Medicines in Continuous Flow 
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Patrick Palafox, May 10, 2010 
M.S. Thesis:  Modification of Conductive Surfaces for Imaging and Detecting of Biological Activity 

Aniruddha Patwardhan, August 25, 2000 
Ph.D. Thesis:  Development of Novel Membrane Materials and Their Application to Coupled Transport 
Phenomena 

Lizhen Peng, April 27, 2012 
M.S. Thesis:  Controlled Nucleation of His-tag Protein Assemblies Using Rigid Symmetric Multivalent 
Nitrilotriacetic Acid Chelating Ligands 

Marquita M. Qualls, February 2, 2001 
Ph.D. Thesis:  Targeted and Triggerable Lipid Carriers for the In vitro Delivery of Water Soluble Molecules 

Yuanjin Rui, November 6, 1996 
Ph.D. Thesis:  Synthesis and Drug Delivery Applications of Plasmenylcholine Liposomes 

Shayak Samaddar, July 17, 2019 
 Ph.D. Thesis: Delivery Strategies for Gene Therapy 
Junhwa Shin, November 24, 2002 

Ph.D. Thesis:  Synthesis and Acid-Triggered Release Activity of PEG Lipid Conjugates in DOPE Liposomes 
Pochi Shum, April 24, 2002 

M.S. Thesis: Formation of Fibrinogen-Based Hydrogels Using Phototriggerable Liposomes 
Nicholas Snead, July 9, 2008 
 M.S. Thesis: Developing Polyrotaxanes as siRNA Delivery Vectors 
Zachary Struzik, April 12, 2022 
 Ph.D. Thesis: Synthesis and Evaluation of Labeled Phosphatidylglycerol Probes to Elucidate Mechanisms Behind 
 Cholesterol Trafficking in Niemann-Pick Type C Disease 
Craig Sweet, November 24, 2020 

Ph.D. Thesis:  Applications of Elastin-like Polypeptides in Imaging and Drug Delivery for Bladder Cancer Using 
Facile Organic Extraction Purification 

Brandi Thomas, March 27, 2001 
M.S. Thesis:  Preparation of NTA Chelating Lipids and Green Fluorescent Protein for the Characterization of Two-
Dimensional Crystallization 

Jeroen Van den Bossche, March 21, 2008 
Ph.D. Thesis:  Polyethylene Glycol Conjugates and Vinyl Ether Constructs for Programmed Gene and Drug Delivery 

Kyle J. Wright, November 30, 2016 
Ph.D. Thesis:  Synthesis and Performance af Novel Supramolecular Tools for Single-Particle Cryogenic Electron 
Microscopy and Drug and Gene Delivery 

Yi Xiao, November 29, 2007 
M.S. Thesis:  Oxidation of Vinyl Ether Compounds: Behavior and Kinetics 

Mingkang Zhou, July 14, 2006 
Ph.D. Thesis: Design, Synthesis and Performance of Cyclodextrin-Based Noncovalent Templates for 
Crystallization of Histidine-Tagged Proteins 

  
 Visiting Scientists, Past & Present 

Dr. Steve Ansell, INEX Pharmaceuticals, 9/98 – 10/98 
Mr. Marcus Chen, University of Tokyo, 10/09 – 1/10 
Professor Shin-ichi Fujiwara, Osaka Dental University, 3/05 – 8/06 and 7/07 – 8/07 
Dr. Keeve Jaffe, Frantz Biomarkers, 9/07 
Mr. Rasmus JØlck, Technical University of Denmark, 9/10 – 12/10 
Mr. Anthony Marshal, University of Arizona, 1/07 
Dr. Nobuyuki Morimoto, Tokyo Medical & Dental University, 10/07 – 1/08 
Ms. Erika Murase, Osaka University, 6/07 – 8/07 

JA00475

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 482 of 695 PageID #: 7273



September 2023  David H. Thompson, CV 

 25 

Mr. Henrik Schaarup-Jensen, Technical University of Denmark, 9/15 – 12/15 
Ms. Elizabeth Suesca Sanchez, University of Colombia, Bogota, Columbia, 1/15 – 1/16 

 
 Current Research Group 

 Graduate Students 
Saloni Darji 11/19 – present 
Shadwa Eldosuky 5/23 – present 
Kiera Estes 11/18 – present 
Marissa Henager 11/22 – present 
Giulia Murbach De Oliveira 11/19 – present 
Feng Qu 5/22 – present 

 
 Undergraduate Students 
 Evan Bobb 1/22 – present 
 Casey Gooden 1/22 – present 

Jocie Strock 1/20 – present 
Emily Yeh 1/21 – present 
 

Former Group Members 
 Postdoctoral Associates 
 Ghanashyam Acharya, Ph.D., Indian Inst. of Science, 1999, 12/99 – 2/01 (Assoc. Prof., Baylor CoM) 
 Montserrat Rovira Bru, Ph.D., 1999, 1/00 – 12/01 (shared with Prof. I. Szleifer) (Lecturer, NC Comm. Coll.) 
 Christopher J. Collins, Ph.D., Purdue University, 6/15 – 3/17 (CTO, Key Proteo) 
 Ciro DiMeglio, Ph.D., Oregon Graduate Institute, 1997, 1/98 – 12/98 (Adj. Faculty, Worcester State U.) 
 Oleg Gerasimov, Ph.D., Institute of Catalysis-Novosibirsk, 2/93 – 3/98 (Lead Software Engineer, IFS) 

Dinara Gunasekera, 3/13 – 3/14 (Director, Medicinal Chemistry, New Frontier Bio) 
 Saubhik Haldar, Ph.D., Indian Institute of Science, 1999, 2/00 – 2/02 (Assoc. Prof., Jadavpur U) 
 Seok-hee Hyun, Kyungpook National University, 2004; 1/08 – 12/16 (Flow Chem Lead, Continuity Pharma) 
 H. Dorota Inerowitz, Ph.D., Technical U. of Gdansk, 1981, 5/99 – 1/01 (Indiana State Chemist) 
 Jin-Chul Kim, 7/97 – 12/98 (shared with Prof. K. Park) (Prof., Kangwon National University) 
 Jong-Mok Kim, Ph.D., Kyushu University, 1991, 11/98 – 12/01; 10/98 – 9/08 (retired) 
 Akiko Murakawa, Tokyo Institute of Technology, 2007; 4/07 – 4/09 (Tokyo Institute of Technology) 
 GV Srilaksmi Patri, Ph.D., IICT-Hyderabad, 2001; 2/02 – 12/03 (Prof., Natl. Inst. Tech.-Warangal) 
 Dimiter Petsev, 11/97 – 3/98 (shared with Prof. I. Szleifer) (Prof., U New Mexico) 
 Qing Qingqing, Ph.D., Shanghai Institute of Organic Chemistry, 06/19 – 11/19 (Postdoc, Purdue-IPPH) 
 Sönke Svenson, PhD, Freie Universität Berlin, 1993, 10/94 – 8/97 (Founder, Drug Delivery Solutions) 
 Caihua Wang, Ph.D., Georgetown U., 2002; 5/03 – 12/05 (Principal Scientist, Johnson & Johnson) 
 Deng Wei, University of Science & Technology of China, 2005; 5/08 – 9/10 (Asst. Prof., Shanghai U.) 
 Zhi-Yi Zhang, Ph.D., Kyushu University, 1998; 3/00 – 3/01 (VP – Head of Formulations, Suzhou Abogen Biosciences) 
 
 Graduate Students 
 Aayush, PhD, Staff Scientist, Bindley Bioscience Center, West Lafayette, IN 
 Vivek Badwaik, PhD, Staff Scientist, Corteva Agrisciences, Zionsville, IN 
 Christopher Benjamin, PhD, Senior Process Engineer, IBM, San Francisco, CA 
 Shruti Biyani, PhD, Dow Chemical, Midland, MI 
 Scott C. Bolton, PhD, Senior Scientist, Purdue University, West Lafayette, IN 
 Jeremy A. Boomer, PhD, Site Director, Abbott Laboratories, Pomona, CA 

David P. Brownholland, PhD, Associate Professor, Carthage College, Kenosha, WI 
 Christopher J. Collins, PhD, Chief Technical Officer, Key Proteo, Seattle, WA 
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Damien Dobson, MS, Scientist, Triclinic Laboratories, West Lafayette, IN 
H. Sam Ewan, PhD, job seeking 
Wilma Febo-Ayala, PhD, Associate Teaching Professor, Villanova University 
Andres Gonzalez-Bonet, PhD, Chemist, Food & Drug Administration, Washington, DC 
Jessica Grey, PhD, Manager, GE Appliances, Louisville, KY 
Maggie Gunnerson, MS, Clinical Trials Manager, Proctor & Gamble, Cincinnati, OH 
Minji Ha, MS, PhD student, Hanyang University 
Robin Hyder, MS, Hospira, Raleigh, NC 
Zinia Jaman, PhD, Senior Scientist II, Cambrex, Greensboro, NC 
Hee-kwon Kim, PhD, Associate Professor, Chonbuk National University, Jeonju, South Korea 
Aditya Kulkarni, PhD, Founder & CSO, Avammune Therapeutics, Bengaluru, India 
Young Lee, PhD, Senior Scientist, Indiana University Health Methodist Hospital, Indianapolis, IN 
Scott Loethen, PhD, Head – Applied Development Plastics, BYK, St. Louis, MO 
Bradley Loren, PhD, Patent Attorney, Chicago, IL 
Yawo Mondijnou, PhD, Advanced Scientist, Owens Corning Science & Technology, Granville, OH 
Robert J. Nicholas, MS, PhD student, Purdue University, West Lafayette, IN 
Patrick Palafox, MS, Newell Brands, South Deerfield, MA 
Aniruddha Patwardhan, PhD, Distinguished Research Scientist, Elanco, Indianapolis, IN 
Lizhen Peng, MS, Machine Learning Scientist, Amazon 
Marquita M. Qualls, PhD, Entropia Consulting Group, Philadelphia, PA 
Yuanjin Rui, PhD, Senior Research Scientist, Pfizer, La Jolla, CA 
Shayak Samaddar, PhD, Advisor, Eli Lilly & Co, Indianapolis, IN 
Junhwa Shin, PhD, Korea Atomic Energy Research Institute, Seoul, Republic of Korea 
Pochi Shum, MS, Senior Scientist, Crispr Therapeutics, Cambridge, MA 
Nicholas Snead, MS, Associate Director, Orbital Therapeutics, San Francisco, CA 
Brandi (Thomas) Simmons, MS, Eli Lilly, Indianapolis, IN 
Zachary Struzik, PhD, Senior Scientist, Avanti Polar Lipids, Birmingham, AL 
Craig Sweet, PhD, Consultant, PwC, Chicago, IL 
Jeroen Van den Bossche, PhD, Associate Director, KBC Securities, Brussels, Belgium 
Kyle Wright, PhD, QC Supervisor, Nanshan America, Lafayette, IN 
Yi Xiao, MS, Patent Attorney, Beijing Sanyou Intellectual Property Agency Ltd, Beijing 
Mingkang Zhou, PhD, American Chemical Society – China Market & Business Dev., Shanghai, China 

 
Undergraduate Students (*co-author of a paper from Thompson group)  
 Deborah Aremu 1/18 – 5/19 

Erin Baker 1/98 – 8/00 Associate Scientist - Amgen 
Ann Banta 9/01 – 12/01 
Anna Barker 8/16 – 5/18 
Dustin Barr 8/04 – 5/05 Drug Enforcement Agency – Dallas/Ft. Worth 
Jacob Beard 1/17 – 5/18 

 Devin Boehm 1/16 – 5/19 
Matt Brian, Jr. 1/98 – 5/98 
Andrew Buesking 9/05 – 5/09 Tobias Scholar, Phi Beta Kappa; Margerum Award; Yale-

Chemistry Ph.D.; Incyte Research Institute 
Amanda Burgess 8/10 – 5/12 M.S., Johns Hopkins School of Public Health 
*Cheyenne Chaplain 1/15 – 5/16 U. Pennsylvania – Chemistry Ph.D.; TCG GreenChem 
Laura Conner   1/99 – 5/99 
Michael Croisant 1/13 – 5/14 M.S., U Wisconsin-Madison 
Vardaan Dawesar 1/18 – 1/19 
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*Kyle DeFrees 8/10 – 5/12 Margerum Award; U. California-San Francisco Medicinal 
Chemistry Ph.D.; Gate Bioscience 

*Asher Demoret 8/13 – 5/15 Formulation Chemist, IDI Composites International 
Emma Doud 1/01 – 12/02 Harvard-Chemistry Ph.D.; IUSOM Proteomics Fac. Mgr. 
*Taeyoon Eom 1/15 – 5/16 
Russ Fliter 8/95 – 5/97 Research Specialist, Procter & Gamble 
Helen Flynn 6/17 – 12/17 

*Joseph Franses 5/01 – 5/05 Margerum Award, Goldwater Award, Ruzicka Award; 
M.D./Ph.D., Harvard Med/MIT; Clinical Research 
Fellow, Medical Oncology – Massachusetts General 
Hospital 

 Clare Gallagher 6/17 – 5/19 
Greg Gentry 8/10 – 12/11 J.D., IU School of Law; partner at Randall, Gentry & Pike 

P.C. 
Michelle Glaunert 7/08 – 1/09 
*Kristof Glauninger 1/15 – 5/16 
*Jay Groves  1/00 – 5/01 podiatry school graduate 
Vanessa Hacker  1/98 – 5/98 nursing school 
Jason Hadley 1/12 – 5/13 Bioprocessing Specialist II – Argos Therapeutics; UT 

Health – San Antonio Ph.D. program 
Henry Hamann 8/12 – 5/15 Purdue-Chemistry Ph.D. program 
*Rob Haynes 11/96 – 5/98 1997 Pfizer Undergraduate Research Fellow 
Lauren Heavin 8/08 – 5/12 M.D., IU School of Medicine 
Ross Hoehn  1/05 – 12/06 Ph.D., Purdue-Chemistry; Research Scientist – Soar 

Technology 
Ryan Hurd  8/96 – 12/97 Purdue Krannert M.B.A. program; Eli Lilly  
Jacob Hyatte 1/13 – 5/14 Chemist, Kelly Services 
Melanie Ivancic 1/04 – 1/05 Lead Scientist, Bioanalytical Chemistry – Covance 
Tony Jacobs   5/98 – 8/99 pharmacy school 
Katie Jochim 8/10 – 12/11 Chemistry graduate school 
Benny Kartono 1/02 – 5/02 medical school 
Christen Kenrick 1/04 – 1/05 
*Kyle Krynski 1/13 – 5/15 
*Scott Leffler 8/03 – 5/05 medical school 
Luke Lewis 6/17 – 12/17 
*Linjia Liu 1/14 – 5/16 
Asher Lucas 1/02 – 5/02 Quadraspec, Inc.; Chemist III, Florida Department of 

Agriculture and Consumer Services 
Gabriel Magallanes 1/11 – 5/14 U. Michigan – Chemistry Ph.D.; Patent Agent, Eli Lilly 
Scott Malloy 1/19 – 5/19  
*Laura Marholz 8/08 – 5/10 U. Colorado-Chemistry Ph.D.; Frontier Medicines 
Joshua Mazur 8/16 – 5/19 OPTI Medical Systems, Formulation Technician 
Matt McDermott 1/05 – 8/07 Margerum Award; Purdue, Biomedical            Engineering 

Ph.D.; Formulation Scientist – Spectrum Brands 
*Derek Miller 5/96 – 8/97 M.S., Texas A&M U. – Chemistry 
*Ahmed Mufti 6/17 – present 
Macy Mullen 6/17 – 5/18 Materials Chemist – National Aeronautics and Space 

Administration 
Juhee Noh 1/18 – 5/18 
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*Anyang Peng 1/12 – 5/14 Northwestern U.-Chemical Engineering Ph.D. 
Brandon Perkins 1/96 – 5/97 medical school 
Scott Peruski 8/14 – 5/16 U. Houston – Chemistry Ph.D.
*Cory Powers 1/12 – 5/14 M.D., IU School of Medicine
*Jason Robarge 8/99 – 5/01 Ph.D., IU Med School – Biostatistics; Research Scientist

– Eli Lilly & Co.
*Samyukta Sah 8/16 – 5/18 Georgia Tech, Chemistry Ph.D. program 
*Ryan Schuldt 1/11 – 5/12 Research Scientist, Albany Molecular Research Inc. 
*Annette Schwan 8/94 – 5/95 medical school 
Dana Semann 1/95 – 5/95 medical school 
Christopher Simmons 8/12 – 5/15 Associate Scientist, Eurofins 
*Joseph Skulsky 8/14 – 5/16 M.S., U. Michigan – Toxicology
Sydney Smith 8/16 – 8/18 
Dan Sutton 8/03 – 5/05 Quadraspec, Inc.; Research Associate, FLIR Systems 
Mike Szelai 8/98 – 5/99 Ph.D., U. Arizona – Chemistry 
Johnny Tam 1/13 – 5/14 Senior Scientist, Eurofins Lancaster Laboratories 
*Pooi Ling Thong 1/13 – 5/14 Regulatory Affairs Executive, GlaxoSmithKline – 

Malaysia 
Eric Tippmann 1/97 – 12/97 Ph.D., Ohio State U.-Chemistry; Scripps pdf; Purdue – 

Fort Wayne Associate Professor 
Ariel Topletz 9/01 – 5/02 Clinical Pharmacologist, Seattle Genetics 
Robert Vandewalle 9/04 – 5/05 M.D., IU School of Medicine; Pediatric Surgery Research

Fellow, IU School of Medicine
Ilakkiya Venkatachalam 1/19 – 5/19 
Diego Villareal 8/03 – 12/05 chemist for company based in Mexico City 
*Alex Vlahu 1/11 – 5/14 
Josh Weber 8/97 – 12/97 
*Kyle Wright 8/09 – 8/11 Ph.D., Purdue – Chemistry 
*Nathan Wymer 5/95 – 7/97 Goldwater Award, Margerum Award; Ph.D., Duke U. – 

Chemistry; Georgia Institute of Technology postdoc; 
ZuChem, Inc.; Principal Scientist, Pfizer; Assistant 
Professor, North Carolina Central U. 

*Manxi Xiong 1/13 – 5/14 U. Texas-Austin – Chemistry Ph.D.
Kathryn Yammine 6/16 – 5/18 MIT – Chemistry Ph.D. program
*Melinda Yates 1/99 – 5/01 Abbott Labs; Ph.D., Johns Hopkins School of Medicine –

Environmental Health Sciences; Associate 
Professor, MD Anderson Cancer Center 

John (Jay) Young 8/00 – 12/00 medical school 

JA00479

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 486 of 695 PageID #: 7277



JOINT APPENDIX 08 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 487 of 695 PageID #: 7278



JA00480

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 488 of 695 PageID #: 7279



JA00481

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 489 of 695 PageID #: 7280



JA00482

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 490 of 695 PageID #: 7281



JA00483

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 491 of 695 PageID #: 7282



JA00484

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 492 of 695 PageID #: 7283



JA00485

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 493 of 695 PageID #: 7284



JA00486

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 494 of 695 PageID #: 7285



JA00487

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 495 of 695 PageID #: 7286



JA00488

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 496 of 695 PageID #: 7287



JA00489

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 497 of 695 PageID #: 7288



JA00490

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 498 of 695 PageID #: 7289



JA00491

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 499 of 695 PageID #: 7290



JOINT APPENDIX 09 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 500 of 695 PageID #: 7291



JA00492

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 501 of 695 PageID #: 7292



JA00493

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 502 of 695 PageID #: 7293



JA00494

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 503 of 695 PageID #: 7294



JA00495

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 504 of 695 PageID #: 7295



JA00496

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 505 of 695 PageID #: 7296



JA00497

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 506 of 695 PageID #: 7297



JA00498

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 507 of 695 PageID #: 7298



JA00499

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 508 of 695 PageID #: 7299



JA00500

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 509 of 695 PageID #: 7300



JA00501

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 510 of 695 PageID #: 7301



JA00502

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 511 of 695 PageID #: 7302



JA00503

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 512 of 695 PageID #: 7303



JA00504

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 513 of 695 PageID #: 7304



JA00505

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 514 of 695 PageID #: 7305



JA00506

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 515 of 695 PageID #: 7306



JA00507

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 516 of 695 PageID #: 7307



JOINT APPENDIX 10 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 517 of 695 PageID #: 7308



JA00508

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 518 of 695 PageID #: 7309



JA00509

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 519 of 695 PageID #: 7310



JA00510

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 520 of 695 PageID #: 7311



JA00511

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 521 of 695 PageID #: 7312



JA00512

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 522 of 695 PageID #: 7313



JA00513

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 523 of 695 PageID #: 7314



JA00514

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 524 of 695 PageID #: 7315



JA00515

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 525 of 695 PageID #: 7316



JA00516

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 526 of 695 PageID #: 7317



JA00517

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 527 of 695 PageID #: 7318



JA00518

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 528 of 695 PageID #: 7319



JOINT APPENDIX 11 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 529 of 695 PageID #: 7320



JA00519

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 530 of 695 PageID #: 7321



JA00520

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 531 of 695 PageID #: 7322



JA00521

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 532 of 695 PageID #: 7323



JA00522

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 533 of 695 PageID #: 7324



JA00523

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 534 of 695 PageID #: 7325



JA00524

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 535 of 695 PageID #: 7326



JA00525

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 536 of 695 PageID #: 7327



JOINT APPENDIX 12 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 537 of 695 PageID #: 7328



JA00526

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 538 of 695 PageID #: 7329



JA00527

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 539 of 695 PageID #: 7330



JA00528

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 540 of 695 PageID #: 7331



JA00529

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 541 of 695 PageID #: 7332



JA00530

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 542 of 695 PageID #: 7333



JOINT APPENDIX 13 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 543 of 695 PageID #: 7334



JA00531

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 544 of 695 PageID #: 7335



JA00532

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 545 of 695 PageID #: 7336



JA00533

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 546 of 695 PageID #: 7337



JA00534

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 547 of 695 PageID #: 7338



JA00535

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 548 of 695 PageID #: 7339



JA00536

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 549 of 695 PageID #: 7340



JA00537

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 550 of 695 PageID #: 7341



JA00538

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 551 of 695 PageID #: 7342



JA00539

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 552 of 695 PageID #: 7343



JA00540

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 553 of 695 PageID #: 7344



JA00541

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 554 of 695 PageID #: 7345



JA00542

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 555 of 695 PageID #: 7346



JA00543

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 556 of 695 PageID #: 7347



JA00544

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 557 of 695 PageID #: 7348



JOINT APPENDIX 14 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 558 of 695 PageID #: 7349



JA00545

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 559 of 695 PageID #: 7350



JA00546

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 560 of 695 PageID #: 7351



JA00547

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 561 of 695 PageID #: 7352



JA00548

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 562 of 695 PageID #: 7353



JA00549

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 563 of 695 PageID #: 7354



JA00550

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 564 of 695 PageID #: 7355



JA00551

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 565 of 695 PageID #: 7356



JA00552

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 566 of 695 PageID #: 7357



JA00553

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 567 of 695 PageID #: 7358



JA00554

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 568 of 695 PageID #: 7359



JA00555

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 569 of 695 PageID #: 7360



JA00556

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 570 of 695 PageID #: 7361



JOINT APPENDIX 15 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 571 of 695 PageID #: 7362



JA00557

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 572 of 695 PageID #: 7363



JA00558

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 573 of 695 PageID #: 7364



JA00559

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 574 of 695 PageID #: 7365



JA00560

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 575 of 695 PageID #: 7366



JA00561

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 576 of 695 PageID #: 7367



JA00562

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 577 of 695 PageID #: 7368



JA00563

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 578 of 695 PageID #: 7369



JA00564

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 579 of 695 PageID #: 7370



JA00565

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 580 of 695 PageID #: 7371



JA00566

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 581 of 695 PageID #: 7372



JA00567

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 582 of 695 PageID #: 7373



JA00568

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 583 of 695 PageID #: 7374



JOINT APPENDIX 16 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 584 of 695 PageID #: 7375



JA00569

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 585 of 695 PageID #: 7376



JA00570

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 586 of 695 PageID #: 7377



JA00571

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 587 of 695 PageID #: 7378



JA00572

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 588 of 695 PageID #: 7379



JA00573

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 589 of 695 PageID #: 7380



JA00574

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 590 of 695 PageID #: 7381



JA00575

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 591 of 695 PageID #: 7382



JA00576

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 592 of 695 PageID #: 7383



JA00577

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 593 of 695 PageID #: 7384



JA00578

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 594 of 695 PageID #: 7385



JA00579

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 595 of 695 PageID #: 7386



JA00580

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 596 of 695 PageID #: 7387



JA00581

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 597 of 695 PageID #: 7388



JA00582

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 598 of 695 PageID #: 7389



JA00583

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 599 of 695 PageID #: 7390



JA00584

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 600 of 695 PageID #: 7391



JA00585

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 601 of 695 PageID #: 7392



JA00586

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 602 of 695 PageID #: 7393



JA00587

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 603 of 695 PageID #: 7394



JA00588

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 604 of 695 PageID #: 7395



JA00589

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 605 of 695 PageID #: 7396



JA00590

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 606 of 695 PageID #: 7397



JA00591

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 607 of 695 PageID #: 7398



JA00592

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 608 of 695 PageID #: 7399



JA00593

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 609 of 695 PageID #: 7400



JA00594

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 610 of 695 PageID #: 7401



JA00595

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 611 of 695 PageID #: 7402



JOINT APPENDIX 17 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 612 of 695 PageID #: 7403



JA00596

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 613 of 695 PageID #: 7404



JA00597

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 614 of 695 PageID #: 7405



JA00598

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 615 of 695 PageID #: 7406



JA00599

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 616 of 695 PageID #: 7407



JA00600

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 617 of 695 PageID #: 7408



JOINT APPENDIX 18 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 618 of 695 PageID #: 7409



JA00601

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 619 of 695 PageID #: 7410



JA00602

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 620 of 695 PageID #: 7411



JA00603

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 621 of 695 PageID #: 7412



JA00604

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 622 of 695 PageID #: 7413



JA00605

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 623 of 695 PageID #: 7414



JA00606

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 624 of 695 PageID #: 7415



JA00607

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 625 of 695 PageID #: 7416



JA00608

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 626 of 695 PageID #: 7417



JA00609

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 627 of 695 PageID #: 7418



JA00610

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 628 of 695 PageID #: 7419



JA00611

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 629 of 695 PageID #: 7420



JA00612

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 630 of 695 PageID #: 7421



JA00613

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 631 of 695 PageID #: 7422



JA00614

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 632 of 695 PageID #: 7423



JA00615

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 633 of 695 PageID #: 7424



JA00616

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 634 of 695 PageID #: 7425



JOINT APPENDIX 19 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 635 of 695 PageID #: 7426



JA00617

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 636 of 695 PageID #: 7427



JA00618

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 637 of 695 PageID #: 7428



JA00619

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 638 of 695 PageID #: 7429



JA00620

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 639 of 695 PageID #: 7430



JA00621

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 640 of 695 PageID #: 7431



JA00622

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 641 of 695 PageID #: 7432



JA00623

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 642 of 695 PageID #: 7433



JA00624

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 643 of 695 PageID #: 7434



JA00625

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 644 of 695 PageID #: 7435



JA00626

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 645 of 695 PageID #: 7436



JA00627

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 646 of 695 PageID #: 7437



JA00628

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 647 of 695 PageID #: 7438



JA00629

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 648 of 695 PageID #: 7439



JA00630

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 649 of 695 PageID #: 7440



JA00631

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 650 of 695 PageID #: 7441



JA00632

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 651 of 695 PageID #: 7442



JOINT APPENDIX 20 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 652 of 695 PageID #: 7443



JA00633

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 653 of 695 PageID #: 7444



JA00634

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 654 of 695 PageID #: 7445



JA00635

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 655 of 695 PageID #: 7446



JA00636

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 656 of 695 PageID #: 7447



JA00637

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 657 of 695 PageID #: 7448



JA00638

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 658 of 695 PageID #: 7449



JA00639

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 659 of 695 PageID #: 7450



JA00640

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 660 of 695 PageID #: 7451



JA00641

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 661 of 695 PageID #: 7452



JA00642

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 662 of 695 PageID #: 7453



JA00643

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 663 of 695 PageID #: 7454



JA00644

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 664 of 695 PageID #: 7455



JA00645

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 665 of 695 PageID #: 7456



JA00646

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 666 of 695 PageID #: 7457



JA00647

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 667 of 695 PageID #: 7458



JA00648

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 668 of 695 PageID #: 7459



JA00649

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 669 of 695 PageID #: 7460



JA00650

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 670 of 695 PageID #: 7461



JA00651

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 671 of 695 PageID #: 7462



JOINT APPENDIX 21 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 672 of 695 PageID #: 7463



JA00652

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 673 of 695 PageID #: 7464



JA00653

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 674 of 695 PageID #: 7465



JA00654

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 675 of 695 PageID #: 7466



JA00655

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 676 of 695 PageID #: 7467



JA00656

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 677 of 695 PageID #: 7468



JA00657

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 678 of 695 PageID #: 7469



JA00658

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 679 of 695 PageID #: 7470



JA00659

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 680 of 695 PageID #: 7471



JA00660

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 681 of 695 PageID #: 7472



JA00661

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 682 of 695 PageID #: 7473



JA00662

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 683 of 695 PageID #: 7474



JA00663

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 684 of 695 PageID #: 7475



JOINT APPENDIX 22 

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 685 of 695 PageID #: 7476



JA00664

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 686 of 695 PageID #: 7477



JA00665

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 687 of 695 PageID #: 7478



JA00666

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 688 of 695 PageID #: 7479



JA00667

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 689 of 695 PageID #: 7480



JA00668

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 690 of 695 PageID #: 7481



JA00669

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 691 of 695 PageID #: 7482



JA00670

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 692 of 695 PageID #: 7483



JA00671

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 693 of 695 PageID #: 7484



JA00672

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 694 of 695 PageID #: 7485



JA00673

Case 1:22-cv-00252-MSG   Document 181-1   Filed 01/03/24   Page 695 of 695 PageID #: 7486


