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and/or fostering development of a more favorable environment in the host organism (Kotwal,
GJ, Immunology Today, 21(5), 242-248, 2000). VCCPs are-among these proteins. Poxvirus
complement control proteins are members of the complementcontrol protein (CCP) superfamily
and typically contain 4 SCR modules. These proteins possess features that make them

particularly advantageousfor treatment and prevention ofmacular degeneration related
conditions and for treatment and prevention of choroidal neovascularization.
[00180] Thusin certain embodimentsofthe invention one or both of the therapeutic agents is
a poxvirus complement control protein (PVCCP). The PVCCP can comprise a sequence
encodedby,e.g., vaccinia virus, variola major virus, variola minorvirus, COWpoOx virus,
monkeypox virus, ectromelia virus, rabbitpox virus, myxoma virus, Yaba-like disease virus, or
swinepox virus. In other embodiments the VCCPisa herpesvirus complementcontrol protein
(HVCCP). The HVCCP can comprise a sequence encoded by a Macacafuscata rhadinovirus,
cercopithecine herpesvirus 17, or human herpesvirus 8. In other embodiments the HVCCP

comprises a sequence encoded by herpes simplex virus saimiri ORF 4 or ORF 15 (Albrecht, JC.
& Fleckenstein, B., J. Virol., 66, 3937-3940, 1992; Albrecht, J., et al., Virology, 190, 527-530,
1992).

[00181] The VCCP mayinhibit the classical complement pathway, the alternate complement
pathway,the lectin pathway, or any combination of these. In certain embodiments ofthe

invention the VCCP,e.g., a PVCCP,bindsto C3b, C4b, or both. In certain embodiments ofthe
invention the PVCCP comprises one or more putative heparin binding sites (K/R-X-K/R)and/or
possesses an overall positive charge. Preferably the PVCCP comprises at least 3 SCR modules

(e.g., modules 1-3), preferably 4 SCR modules. The PVCCP protein can be a precursor of a
mature PVCCP(i-e., can include a signal sequencethat is normally cleaved offwhen the protein
is expressed in virus-infected cells) orcan be a mature form (i.e., lacking the signal sequence).
[80182] Vaccinia complement control protein (VCP)is a virus-encoded protein secreted from
vaccinia infected cells. VCP is 244 aminoacids in length, contains 4 SCRs, andis naturally
produced by intracellular cleavage of a 263 amino acid precursor. VCP runs as an ~35 kD
protein in a 12% SDS/polyacrylamide gel under reducing conditions and has a predicted
molecular mass of about 28.6 kD. VCPis described in U.S. Patent Nos. 5,157,110 and
6,140,472, and in Kotwal, GK,et al., Nature, 355, 176-178, 1988. Figures 3A and 3B show the
sequence of the precursor and mature VCPproteins, respectively. VCP has been shown to
inhibit the classical pathway ofcomplementactivation via its ability to bind to C3 and C4 and
act as a cofactor for factor I mediated cleavage ofthese components as well as promoting decay
of existing convertase (Kotwal, GK,et al., Science, 250, 827-830, 1990; McKenzieetal., J.
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Infect. Dis., 1566, 1245-1250, 1992). It has also been shown to inhibit the alternative pathway
by causing cleavage of C3b into iC3b and thereby preventing formation of the alternative

pathway C3 convertase (Sahu, A,et al., J. Immunol., 160, 5596-5604, 1998). VCP thus blocks

complementactivation at multiple steps and reduces levels of the proinflammatory chemotactic
factors C3a, C4a, and CSa.

[00183] VCP also possesses the ability to strongly bind heparin in addition to heparan sulfate
proteoglycans. VCP contains two putative heparin binding sites located in modules 1 and 4

(Jha, P and Kotwal, GJ, and references therein). VCP is able to bind to the surface of

endothelial cells, possibly via interaction with heparin and/or heparan sulfate at the cell surface,

resulting in decreased antibody binding (Smith, SA,et al., J. Virol., 74(12), 5659-5666, 2000).
VCP can be taken up by mast cells and possibly persist in tissue for lengthy periods oftime,

thereby potentially prolongingits activity (Kotwal, GJ, et al., In GP. Talwat,et al. (eds); 10

International Congress of Immunology., Monduzzi Editore, Bologna, Italy, 1998). In addition,

VCP can reduce chemotactic migration of leukocytes by blocking chemokine binding

(Reynolds, D,et al., in S. Jameel and L. Villareal (ed., Advances in animal virology. Oxford and
IBN Publishing, New Delhi, India, 1999).

[00184]=Variola virus major and minor encodeproteins that are highly homologous to VCP

and are referred to as smallpox inhibitor of complement enzymes (SPICE) (Rosengard, AM,et

al., Proc. Nati. Acad. Sci., 99(13), 8803-8813. U.S. Pat. No. 6,55 1,595). SPICE from various
variola strains sequencedto date differs from VCP by about 5% (e.g., about 11 amino acid

differences). Similarly to VCP, SPICE binds to C3b and C4b andcausestheir degradation,

acting as a cofactor for factor I. However, SPICE degrades C3b approximately 100 timesas fast

as VCP and degrades C4b approximately 6 times as fast as VCP. The amino acid sequence of
SPICEis presented in Figure 6 and can be described as follows. Referring to Figure 6, a signal
sequence extends from amino acid 1 to about amino acid 19. Four SCRs extend from about

amino acid 20 to amino acid 263. Each SCRis characterized by four cysteine residues. The four
cysteine residues form two disulfide bonds in the expressed protein. The boundaries of each

SCR are best defined by the first and fourth cysteine residues in the sequence that forms the

disulfide bonds of the SCR. An invariant tryptophan residueis present between cysteine 3 and
cysteine 4 ofeach SCR. SCR1 extends from amino acid 20 or 21 to amino acid 81. Both

residues are cysteines that may be involved in disulfide bonding. SCR2 extends from amino acid
86 to amino acid 143. SCR3 extends from amino acid 148 to amino acid 201. SCR4 extends

from amino acid 206 to amino acid 261. The SCRs include the complementbinding locations of
SPICE. SPICEor any ofthe portions thereofthat inhibit complementactivation, e.g., SPICE and
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SPICE-related polypeptides containing four SCRs, such as those described in U.S. Pat. No,
6,551,595, are of use in the present invention.

[00185] Complementcontrol proteins from cowpox virus (referred to as inflammation

modulatory protein, IMP) and monkeypoxvirus(referred to herein as monkeypox virus
complement control protein, MCP) have also been identified and sequenced (Miller, CG,etal.,
Virology, 229, 126-133, 1997 and Uvarova, EA and Shchelkunov, SN, Virus Res., 81€1-2), 39-
45,2001). MCPdiffers from the other PVCCPs described herein in thatit contains a truncation
ofthe C-terminal portion of the fourth SCR.

[00186]=It will be appreciated that the exact sequence ofcomplement control proteins
identified in different virus isolates may differslightly. Such proteins fall within the scope of
the present invention. Complementcontrol proteins from any such isolate may be used,|
provided that the protein has not undergone a mutation that substantially abolishesits activity.
Thus the sequence of a VCCP such as SPICE or VCP may differ from the exact sequences
presented herein or under the accession numberslisted in Table 1. It will also be appreciated
that a number of amino acidalterations,e.g., additions, deletions, or substitutions such as

conservative amino acid substitutions, may be madein a typical polypeptide such as a VCCP
withoutsignificantly affecting its activity, such that the resulting protein is considered

equivalent to the original polypeptide. For example, up to about 10% of the aminoacids, or up
to about 20% of the amino acids may frequently be changed withoutsignificantly altering the
activity. Also, of course, domains known to have similar functions can be substituted for one

another. Such domains may be found within a single polypeptide (e.g., repeated domains) or
within different, homologous polypeptides. The effect of any particular amino acid alteration(s)
or domain substitutions can readily be determined.

[00187] Figure 4 shows a sequence alignment of a variety ofpoxvirus complementcontrol
proteins from isolates of variola major and minor, vaccinia, cowpox virus, and monkeypox
virus. Figure 5 shows a comparison of the SCR domain structure of a number ofcomplement
control proteins and fragments thereof, the number of K+R residues, %K-+Rresidues,pl,
numberofputative heparin binding sites, and ability to inhibit hemolysis (indicative of
complement inhibiting activity) and/or bind to heparin.

[00188]=Withoutlimitation, any of the viral polypeptides identified by accession numberin
Table 2 below is of use in various embodiments of the invention.
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[00189] Table 2: Representative Viral Complement Control Proteins
Accession

Monkeypox

Complement control protein CAE00484Ectromelia virus

Rabbitpox p
Macaca fuscata rhadinovirus JM4 AAS99981|Rhadinavirus
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Cercopithecine herpesvirus 17[Complementbinding NP-870748)Herpesvirusprotein (ORF4
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[00190]=Compounds that Inhibit C5 Activation or Activity
[00191] In certain embodiments the complement inhibitor inhibits activation of C5. For

example, the complement inhibitor may bind to CS. Exemplary agents include antibodies,
antibody fragments, polypeptides, small molecules, and aptamers. Exemplary antibodies are
described in U-S. Pat. No. 6,534,058. Exemplary compoundsthat bind to and inhibit C5 are
described in U.S. Pat. Pub. Nos. 20050090448 and 20060115476. In certain embodiments the

complementinhibitor is an antibody, small molecule, aptamer, or polypeptidethat binds to
substantially the same bindingsite on C5 as an antibody described in U.S. Pat. No. 6,534,058 or
a peptide described in USSN 10/937,912. U.S. Pat. Pub. No. 20060105980 discloses aptamers
that bind to and inhibit C5. Also of use are RNAi agents that inhibit expression of C5 or C5R.
[00192] In other embodiments the agent is an antagonist of a C5a receptor (C5aR).
Exemplary C5a receptor antagonists include a variety of small cyclic peptides such as those
described in U.S. Pat. No. 6,821,950; USSN 11/375,587; and/or PCT/US06/08960
(W02006/099330).

For example, the therapeutic agent may be a compoundofgeneral formula I below:
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[00193] where A is H,alkyl, aryl, NH2, NHalkyl, N(alkyl)2, NHaryl or NHacyl; B is an alkyl,
aryl, phenyl, benzyl, naphthyl or indole group, or the side chain of a D- or L-amino acid selected
from the group consisting ofphenylalanine, homophenylalanine, tryptophan, homotryptophan,
tyrosine, and homotyrosine; C is the side chain ofa D-, L- or homo-aminoacid selected from the
group consisting ofproline, alanine, leucine, valine, isoleucine, arginine, histidine, aspartate,
glutamate, glutamine, asparagine, lysine, tyrosine, phenylalanine, cyclohexylalanine, norleucine,
tryptophan, cysteine and methionine; D is the side chain ofa D- or L-aminoacid selected from
the group consisting of cyclohexylalanine, homocyclohexylalanine, leucine, norleucine,
homoleucine, homonorleucine and tryptophan;E is the side chain of a D- or L-aminoacid
selected from the group consisting of tryptophan and homotryptophan;F is the side chain of a
D- or L-amino acid selected from the group consisting ofarginine, homoarginine, lysine and
homolysine oris one of the following side-chains
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{00194] or another mimetic of an arginine side chain, where X is NCN, NNO2, CHNO>or

NSO.NHp; n is an integer from 1 to 4, and R! is H or an alkyl, aryl, CN, NH2, OH, --CO--

CH2CHs, --CO--CHs, --CO--CH2CH2CHs3, --CO--CH) Ph, or --CO-Ph; and X’is --(CH2),NH--
or (CH)a --S--, --(CH2)2 O--, --(CH2)3 O--, --(CH2)3 --, --(CH2)a4 --, or --CH, COCHRNH--,
where R is the side chain of any common or uncommon aminoacid, and

where n is an integer of from 1 to 4, e.g., 1, 2, 3, or 4.

[00195] In certain embodiments of the invention F is one of the following side-chains:
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—(CHa)a N “NHR?

 
—(CHoa)a NH3”

or another mimetic of an arginine side chain; where X is NCN, NNO2, CHNO; or NSO2NHb; n
is an integer from 1 to 4, and R! is H or an alkyl, aryl, CN, NH>2, OH, --CO—CH>CHs,--CO--
CHs, --CO--CH2CH2CH3, --CO--CHb>Ph, or --CO-Ph;B is an indole, indole methyl, benzyl,
phenyl, naphthyl, naphthyl methyl, cinnamyl group, or any other derivative of the aromatic
group; and C is D- or L-cyclohexylalanine (Cha), leucine, valine, isoleucine, phenylalanine,
tryptophan or methionine. In certain embodiments of the invention A is L-arginine. In certain
embodiments of the invention F is an L-amino acid. In certain embodiments F is L-arginine. In
certain embodiments n = 1, 2, 3, or 4.

{00196] In certain embodiments ofthe invention the compoundis selected from the group
consisting of SEQ ID NOs: 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 and
28, as described in U.S. Pat. No. 6,821,950. Other embodiments disclosed therein may also be
used. For example, A, B, C, D, E, F, and R? may be any ofthe groups mentioned in U.S, Pat.
No. 6,821,950. It is noted that the letters A, B, C, D, E, and F in the formulas presented herein
are to be given the meanings described herein and in U.S. Pat. No. 6,821,950 and do not stand
for chemical elements or isotopes such as boron, carbon, deuterium, or fluorine. The
compounds described above will be referred to collectively herein as GPCRA.
[00197] - Inone embodiment, the complementinhibitor is a CS5a receptorinhibitor, e.g., a C5a
antagonist. For example, the complement inhibitor may be a peptide having the following
sequence: HC-[ORN-PRO-dCHA-TRP-ARG] (SEQ ID NO:45) where HC = hydrocinnamate,
dCHA = d-cyclohexylalaine, ORN = 1-ornithine, and [ ] denotates cyclization through an amide
bound. In another embodimentthe complementinhibitoris a peptide having sequence Ac-PHE-
[ORN-PRO-dCHA-TRP-ARG] (SEQ ID NO:46), using the same abbreviations. In one
embodiment, the therapeutic agent is the compound depicted in Figure 8. In certain
embodiments of the invention the complementinhibitor is a C3a receptor inhibitor, e.g., a C3a
antagonist.

[00198] Methodsfor making the GPCRA,confirmingtheir Structure, and testing their activity
as modulators ofa GPCRare disclosed in U.S. Pat. No. 6,821,950. Certain ofthese compounds

56

Regeneron Exhibit 1002.0767



WO 2007/084765 PCT/US2007/001649

are available from Promics (Brisbane, Australia). In one embodimentthe complement inhibitor
is PMX205.

[00199] C. Long-acting Therapeutic Agents

[00200] In certain embodiments ofthe inventionat least one of the therapeutic agents is a
long-acting agent. For example, certain complement inhibitors may intrinsically have a long
duration of activity even ifnot provided as a component of a sustained release formulation. The

long-acting therapeutic agent may, for example, have an activity period of at least 3 months,at
least 6 months, at least 9 months, or at least 12 months when administered in solution in a liquid
medium in medically acceptable quantities. The long-acting therapeutic agent may be
administered in solution in a liquid medium or may be a component ofa solid or semi-solid
formulation which optionally contains one or more additional therapeutically active or inactive
components.

[00201] In other embodiments a therapeutic agent that is not a long-acting agent is modified
such that it becomes long-acting. The modification may, for example, stabilize the agent against
the activity of various endogenous molecules such as proteases. Suitable modifications are
known inthe art and include, for example, pegylation.
[00202] Incertain embodimentsofthe invention the long-acting therapeutic agentis
administered as a componentof a sustained release formulation, e.g., an ocular implant or any
sustained release formulation described herein.

[00203] If. Liquid Compositions Comprising a Therapeutic Agent
[00204] Incertain embodiments of the invention at least one of the therapeutic agents,e.g.,
any of the therapeutic agents discussed above, is administered in solution ina liquid medium.
Suitable preparations, ¢.g., substantially pure preparations of one or more therapeutic agents may
be combined with pharmaceutically acceptablecarriers, diluents, solvents, etc., to produce an
appropriate pharmaceutical composition,i.e., one thatis pharmaceutically acceptable for
administration to the eye. The preparation may contain a pharmaceutically acceptable carrier,
diluent, etc. Suitable carriers are known in the art and include, for example, sterile water for
injection,saline, etc. Additional components may include, but are not limited to, buffers,
preservatives, salts, etc.

[00205]

The therapeutic agents themselves may be provided as pharmaceutically acceptable salts, which
include those derived from pharmaceutically acceptable inorganic and organic acids and bases.
Examplesof suitable acid salts include acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,
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cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptanoate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate, palmoate,
pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, salicylate,
‘succinate, sulfate, tartrate, thiocyanate, tosylate and undecanoate. Salts derived from appropriate
basesinclude alkali metal (e.g., sodium and potassium),alkaline earth metal (e.g., magnesium),
ammonium and N+(C1-4 alkyl)4 salts. This invention also envisions the.quaternization of any
basic nitrogen-containing groupsofthe compoundsdisclosed herein. Wateror oil-soluble or
dispersible products may be obtained by such quaternization.
[00206] Solutions or suspensions can include components such as a sterile diluent such as
water for injection, saline solution, or other solvent acceptable for administration to the eye,
buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity such as
sodium chloride or dextrose. pH can be adjusted with acidsor bases, such as hydrochloric acid
or sodium hydroxide. The preparation can be enclosed in ampoules, disposable syringes or
single or multiple dose vials made of glass or plastic and provided for commercial sale and/or
use in any such manner. The term “suspension” includes a composition comprising particles in
a liquid medium. In some embodiments, the particles consist essentially of a therapeutic agent.
In other embodiments the particles comprise a drug-releasing component such as a polymer and,
optionally, one or more additional components such as an excipient.

[90207] In some embodimentsofthe invention the liquid composition comprises an agent
that enhances uptake ofthe therapeutic agent by cells, enhances bioavailability of the agent atits
site ofaction, or otherwise enhances activity of the therapeutic agent. For example, a variety of
delivery vehicles that enhance uptake and/oractivity ofRNAi agents such as siRNAsare known _
in the art and maybe included in the liquid composition.
[00208] Preferred pharmaceutical formulations are stable under the conditions ofmanufacture
and storage and may be preserved against the contaminating action ofmicroorganisms such as
bacteria and fungi.

[00209] IV. Sustained Release Formulations

[00210] A sustained release formulation of use in the present invention provides a therapeutic
concentration of a drug within the eye or a portion or region thereof for a prolonged period of
time. Theperiod of time during which a therapeutic level of the drug is present can be, e.g., at
least 1, 2, 4, or 6 weeks,at least 1, 2, 3, 4, 6, 8, 10, 12, 15, 18, 24 months, or longer. Release
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may begin immediately or shortly (¢.g., within 24 hours) after administration ofthe sustained

delivery formulation. Alternately, release may be delayed,e.g., it may commenceat a.time
. point at least 24 hours following administration. Without limitation, release may occur steadily
or may occurintermittently (e.g., in bursts during which a substantial amountofthe agent is
released), or periods of steady release may alternate with bursts. In certain embodiments the

therapeutic agentis released at controlled or predetermined rates when the sustained release
formulationis placed in the eye. Suchrates may range, for example, from about 0.003
micrograms/day to about 5000 micrograms/day, or between about .01 micrograms/day to about
5 micrograms/day, or between about .05 microgramsto about 1 microgram/day. In some
embodimentsthe rate ofrelease is between 1 ug and 5 pg/day.

[00211] A sustained release formulation of use in the present invention typically comprises a
therapeutic agent and an additional component, element, or structure that contributes to the

sustained release properties ofthe formulation. The additional component, element, or structure

that is effective to provide sustained release is referred to herein as a “drug delivery regulating
component”. Optionally the drug delivery regulating clement is designed to provide control

over the kinetics of release. It will be appreciated that the physical nature of the formulation,
e.2., the shape and total surface area of any solid or semi-solid constituents, may contributeto its
sustained release properties. As another example, tight compression ofparticles containing an
active agent may result in release that takes place over a longer time period than ifthe particles
were not compressed. In some embodimentsthe structure is provided at least in part by the
therapeutic agentitself and, optionally, one or more substances present at the site of

administration such as an ion, protein, etc. In some embodiments no additional drug delivery
regulating component need be present in the administered composition. For example, a
composition comprising a therapeutic agent in a liquid medium mayformastructure having
properties of a gel following its administration. The therapeutic agent may be released overtime,
optionally as the structure degrades. The drug delivery regulating component may comprise or
consist ofa polymer matrix that is physically associated with the therapeutic agent. For
example, the therapeutic agent may be entrapped, embedded, or encapsulated by the polymer
matrix. A sustained release formulation can be in the form of an individual ocular implant, a
plurality of nanoparticles, microparticles, or liposomes, a semi-solid or viscous material such as

a gel, etc. The therapeutic agent may preferably be from about 1% to 90% by weight ofthe
sustained release formulation. More preferably, the therapeutic agent is from about 20% to
about 80% by weight of the of the sustained release formulation.In certain embodiments, the
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therapeutic agent comprises about 40% by weight of the sustained release formulation (e.g.,
30%-50%).

[00212] A numberofpolymeric delivery vehicles for providing sustained release have been
used in an ocular context and can be used to administer the compositions ofthe invention.
Various polymers, e.g., biocompatible polymers, which may be biodegradable, can be used. The
polymers may be homopolymers, copolymers (including block copolymers), straight, branched-
chain, or cross-linked. Useful polymers include, but are notlimited to, poly-lactic acid (PLA),
poly-glycolic acid (PGA), poly-lactide-co-glycolide (PLGA), poly(phosphazine), poly
(phosphate ester), polycaprolactones, polyanhydrides, ethylene vinyl acetate, polyorthoesters,
polyethers, and poly (beta amino esters). Peptides, proteins such as collagen or albumin,
polysaccharides such as chitosan, alginate, hyaluronic acid (or derivatives of any of these) and
dendrimers (e.g., PAMAM dendrimers) are also of use. Methods for preparation of such
formulations will be apparentto those skilled in the art. Certain of the materials can also be
obtained commercially, e.g., from Alza Corporation Any ofthese polymers, or combinations
thereof, can be used in various embodiments of the invention.

{00213} Additional exemplary polymers include cellulose derivatives such as

carboxymethylcellulose, polycarbamates or polyureas, cross-linked poly(vinyl acetate) and the
like, ethylene-vinyl ester copolymers having an ester content of 4 to 80% such as ethylene-vinyl
acetate (EVA) copolymer, ethylene-vinyl hexanoate copolymer, ethylene-vinyl propionate
copolymer, ethylene-vinyl butyrate copolymer, ethylene-vinyl pentantoate copolymer, ethylene- -
vinyl trimethyl acetate copolymer, ethylene-vinyl diethyl acetate copolymer, ethylene-vinyl 3-
methyl butanoate copolymer, ethylene-vinyl 3-3 -dimethy] butanoate copolymer, and ethylene-
vinyl benzoate copolymer, or mixtures thereof.

{00214 _ Poly(ortho esters)‘have been introducedinto the eye and demonstrated favorable
properties for sustained release ocular drug delivery (Einmahl, S., Invest. Ophthalmol. Vis. Sci. 5
43(5), 2002). Polylactide particles have been used to target an agent to the retina and RPE
following intravitreous injection ofa suspension of such particles (Bourges, J-L, et al, Jnvest.
Ophthalmol. Vis. Sci., 44(8), 2003).

[00215] Sustained release formulations including various ocular implants and other ocular
drug delivery systemsthat are of use in various embodiments of the invention are described, for
example, in U.S. Patent Nos. 6,692,759: 6,33 1,313; 5,869,079; 5,824,072; and U.S.S.N.
10/918,597 (Pub. No. 20050048099); 10/837,357 (Pub. No. 20050244469); 11/092,122 (Pub.
No. 20050244472) and 11/116,698 (Pub. No. 2005028186 1) as well as a numberofother
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patents and publications referenced in the foregoing, all of which are incorporated herein by
- reference.

[00216] A method of making a sustained release formulation involves combining or mixing
the therapeutic agent with a polymeric component to form a mixture. The mixture may then be
extruded, compressed, molded, etc., to form a single composition. Optionally, heat and/or
pressure can be used. The single composition may then bé processed to form individual
implants or particles suitable for placementin an eye of a patient. Additional methods for
incorporating therapeutically active agents into polymeric matrices are known in the art. The

polymeric matrix can be formedinto various shapes such as rods, disks, wafers, etc., which may
have a range of different dimensions(e.g., length, width, etc.) and volumes. Exemplary shapes
include spherical, cylindrical, helical, coil-shaped or helical, screw-shaped, cubical, conical,
ellipsoidical, biconvex, hemispherical or near-hemispherical etc.
{00217] In certain embodimentsofthe invention an ocular implant is so dimensioned and
shapedthatit fits within the hollow shaft of an injection needle, e.g., a 22, 25, 27, 30, 33, or 35
gauge needle (or needle of any gauge ranging between 22 and 35). Exemplary and nonlimiting
dimensionsfor a cylindrical implant may be about 0.5 to 8 millimeters in length and about 0.1 to
2 millimeters in diameter, e.g., about 0.75 mm to about 1.5 mm in diameter. Implants having
other shapes, e.g., other rodlike structures with cross-sections that are rectangular or square in
cross-section may have a cross-section in which the two points most distant from each other are

separated by at most 0.1 mm to 1 mm.In particular embodiments the intraocular implant may
havea length or other longest dimension of between about 5 microns and about 2 mm, or
between about 10 microns and about 1 mm for administration with a needle. Alternately, the
length or other longest dimensionis greater than 1 mm,or greater than 2 mm, such as 3 mm or

up to 10 mm. The vitreous chamber in humansis able to accommodate relatively large implants
of varying geometries, having lengths of, for example, 1 to 10 mm.

[00218] In certain embodiments ofthe invention the implants may also be at least somewhat
flexible, which may facilitate both insertion ofthe implant in the eye, e.g., in the vitreous, and/or
may facilitate accommodation of the implant. The total weight of the implant may be about
250-5000 micrograms, e.g., about 500-1000 micrograms. For example, an implant may be about
500 microgramsor about 1000 micrograms. Larger implants may also be formed and further
processed before administration to an eye. In addition, larger implants may be desirable where
relatively greater amounts ofa therapeutic agent are provided in the implant, as used.
[00219] In one embodimentthe sustained release formulation is a biocompatible ocular
implant comprising a substantially impermeable polymeric outer layer covering a core which
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comprises the drug to be delivered, wherein said outer layer has one or more orifices, by which

is meant one or more openingsin the outer layer through which, whenthe device is in use, body

fluids can enter the device and the drug contained in the device (e.g., dissolved, encapsulated, or

entrapped within the device) can migrate out of the device. In certain embodimentsthe orifices

in total have a surface area of less than 10 percent ofthe total surface area of the device. In

certain embodiments of the invention the ocular implant comprises an outer coating layerthat is

permeable to the therapeutic agent, allowing its slow diffusion out of the implant. The

composition, structure, and/ or thickness of the coating layer may be selected to provide a

particular permeability and diffusionrate.

[00220] A drug can be contained in an ocular implant as a dry powder, particles, granules, or

as a compressed solid. The drug may also be present as a solution or be dispersed in a-polymer
matrix. Ocular implants, may be havetheactive agent or agents homogenously distributed
through the polymeric matrix, e.g., they may be monolithic. In other embodimentsthe active

agent(s) are heterogeneously distributed in the polymeric matrix. For example, discrete regions

of the implant may contain solid particles of an active agent, or a reservoir of active agent may

be encapsulated by the polymeric matrix. The therapeutic agent(s) may be distributed in a non-

homogenouspattern in the matrix. For example, an implant may include a portion that has a

greater concentration of the therapeutic agent relative to a secondportion ofthe implant.

Multilayered structures, with the layers having different compositions and may have different
physical characteristics such as density or porosity are anotherpossibility. For example, the

layers may contain different therapeutic agents or combinations thereof. In another

embodiment, layers that are relatively resistant to degradation are interspersed with layers that

degrade more rapidly.

[90221] The biodegradable polymeric materials which are included to form the matrix may be

subject to enzymatic or hydrolytic instability. Water soluble polymers may be cross-linked with

hydrolytic or biodegradable unstable cross-links to provide useful water insoluble polymers.

The degree ofstability can vary widely, depending, for example, upon the choice of monomer,

whether a homopolymer or copolymer or mixture, is employed, and whether the polymer

includes terminal acid groups. The biodegradation of the polymer and hence the extended

release profile of the sustained release formulation may also influenced by the relative average

molecular weight ofthe polymeric materials employed. Different molecular weights ofthe same

or different polymeric materials may be included in the formulations to modulate the release

profile. For example, the average molecular weight of the polymer may range from about5 to

about 500 kD, e.g., from about 10 to 100 kD, or from about 15 to 56 kD.
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[00222] Nanoparticles or microparticles can be made using any method known ii the art
including, but not limitedto, spray drying, phase separation, single and double emulsion, solvent
€vaporation, solvent extraction, and simple and complex coacervation. Particulate polymeric
compositions can also be made using granulation, extrusion, and/or spheronization. A
composition can contain nanoparticles or microparticles having different compositions and/or
properties.

[00223] The conditions used in preparing the particles may be altered to yield particles of a
desired size or property (¢.g., hydrophobicity, hydrophilicity, external morphology, "stickiness",
shape,etc.). The method ofpreparing the particle and the conditions (e.g., solvent, temperature,
concentration, air flow rate, etc.) used may also dependon the therapeutic agent and/or the
composition ofthe polymer matrix. ,
[00224] Microparticles and nanoparticles of use in the invention ‘can have a range of
dimensions. Generally, a microparticle will have a diameter of 500 micronsorless, e.g.,
between 1 and 500 microns, between 50 and 500 microns, between 100 and 250 microns,
between 20 and 50 microns, between 1 and 20 microns, between 1 and 10 microns,etc., and a
nanoparticle will have a diameter of less than 1 micron, e.g., between 10 nm and 100 nm,
between 100 nm and 250 nm, between 100 nm and 500 nm, between 250 nm and 500 nm,
between 250 nm and 750 nm, between 500 nm and 750 micron. If the particles prepared by any
of the above methods havea size range outside of the desired range, the particles can be sized,
for example, using a sieve. Particles can be substantially uniform in size (e.g., diameter) or
shape or may be heterogeneousin size and/or shape. They may be substantially spherical or
may have other shapes, in which case the relevant dimension will be the longest straight
dimension rather than the diameter.

[00225] In certain embodiments of the invention a sustained release formulation comprises a
therapeutic agent and a gel-forming material. In accordance with certain embodiments of the
invention, a solution containing the soluble gel-forming material and a therapeutic agentis
prepared by combiningthe soluble gel-forming material and therapeutic agent in solution using
any suitable method,e.g., by adding the therapeutic agent to a solution containing the gel-
forming material. The composition is delivered locally to an appropriate location in the eye of a
subject. The solution rapidly formsa gel at or close to ofthe site of administration. The
therapeutic agentis entrapped within the gel. The therapeutic agent diffuses out of the gel oris
released as the gel degrades over time, thereby providing a continuous supply of the agent to
tissues and structures that are either in direct physical contact with the gel or located nearby. In
certain embodiments the solution is administered behindthe sclera ofthe eye. Delivery can be
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accomplished byinjection (e.g., using a 25, 27, or 30 gauge needle orthe like), by catheter, etc.

In other embodiments the solution is administered intravitreally. In certain embodiments a “gel?

is a structure that exhibits properties (e.g., fluidity) intermediate between solid and liquid phases.

The structure may be a solid or semisolid colloid comprising a solid continuous phase and a

liquid phase. The structure may have an appearance typical of a gel, which appearanceis readily
recognized by those ofskill in the art.

[00226] In one embodiment, soluble collagen is used as the gel-forming material. The

collagen is initially soluble, e.g., in an aqueous medium, and formsa solution that has a low

viscosity but is capable of rapid formation of a gel under appropriate conditions, e.g., conditions

encountered upon administration to a mammalian subject. A variety of different collagen

preparations can be used in the present invention provided that the collagenis initially soluble
and is capable of rapidly forming a gel under appropriate conditions. Suitable collagen

preparations, and methodsfor their manufacture, are described, e.g., in U.S. Pat. Nos. 5,492,135;

5,861,486; 6,197,934; 6,204,365; and WO 00/47130, but the invention is not limited to such

preparations or methods. These collagens are prepared in soluble form and rapidly form a gel

upon exposure to physiological fluids or other fluids having suitable concentration of ions. In

accordance with the present invention, injecting or otherwise introducing the collagen solution
to the eye or near the eye results in gel formation, presumably induced by contact with
physiological fluids. Howeverit is noted that the invention is in no way limited by the

mechanism by which gel formation occurs. In addition, as noted above, the gel can be formed in
vitro and then implanted at an appropriate location.

[00227] Other gel-forming materials ofuse in the invention include, but are not limited to,

hyaluronic acid and modified forms thereof, polysaccharides such as alginate and modified

forms thereof, self-assembling peptides, etc. See, e.g., U.S. Pat. Nos. 6,129,761 for further

description of alginate and modified formsthereof, hyaluronic acid and modified forms thereof,
and additional examples of soluble gel-forming materials that are of use in various embodiments

ofthe present invention. Other polymeric hydrogel precursors include polyethylene oxide-
polypropylene glycol block copolymers such as Pluronics ™ or Tetronics™ which are

crosslinked by hydrogen bonding and/or by a temperature change, as described in Steinleitner et

al., Obstetrics & Gynecology, 77:48-52 (1991); and Steinleitner et al., Fertility and Sterility,
97:305-308 (1992). Other materials which may be utilized include proteins such as fibrin or
gelatin. Polymer mixtures also may be utilized. For example, a mixture ofpolyethylene oxide

and polyacrylic acid which gels by hydrogen bonding upon mixing maybeutilized.
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[00228] Typically a gel-forming material ofuse in the invention is capable ofbeingatleast

partly dissolved, or in certain embodimentsof the invention substantially or fully dissolved, e.g.,
in an aqueous medium. For example,at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%,at least 95%, or more, by weight, of the gel-forming material present in a gel-forming
composition may be dissolved. In certain embodiments essentially 100% of the material is

dissolved. The aqueous medium can contain one or moreliquids in addition to water, e.g.,
various alcohols. In general, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
or 100% ofthe liquid present in the medium is water.

[00229] Covalently crosslinkable hydrogel precursors also are useful. For example, a water

soluble polyamine, such as chitosan, can be cross-linked with a water soluble diisothiocyanate,
such as polyethylene glycol diisothiocyanate. ‘The isothiocyanates will react with the amines to
form a chemically crosslinked gel. Aldehyde reactions with amines, e.g., with polyethylene
glycol dialdehyde also may be utilized. A hydroxylated water soluble polymer also may be
utilized.

[00230] In certain embodimentsofthe invention a therapeutic agent is covalently or

noncovalently attached to a drug delivery regulating component such as a polymervia a linking
moiety. The linking moiety is cleaved to release the therapeutic agent from the drug delivery
regulating component to provide sustained release. For example, the linking moiety may be a
peptide containinga site that is cleaved by an endogenous enzyme such as a protease or may
contain a labile or hydrolyzable bond,e.g., a disulfide bond, ester moiety,etc.

[00231] Cells that express a therapeutic agent that is a biological macromolecule such as a

protein or RNAi agent can be implanted into the eye and are ofuse in certain embodiments of

the invention to provide sustained release. U.S. Patent No. 6,436,427 provides a method for

delivering biologically active molecules to the eye by implanting biocompatible capsules
containing a cellular source of the biologically active molecule. ,

[00232] Incertain embodiments of the invention the sustained release formulation comprises
liposomes. For example, a liposomal suspension can be administered. Liposomes can be
prepared according to methods known to those skilled in the art, for example, as described in
U.S. Patent No. 4,522,811 and other referenceslisted herein. Liposomes, including targeted
liposomes(e.g., antibody targeted liposomes) and pegylated liposomes have been described
(Hansen CB,et al., Biochim Biophys Acta. 1239(2):133-44,1995; Torchilin VP, et al., Biochim
Biophys Acta, 1511(2):397-411, 2001; Ishida T, et al., FEBS Lett 460(1):129-33, 1999).
{00233} Oneofordinary skill in the art will appreciate that the materials and methods

selected for preparation of a sustained release formulation, implant, etc., should be such as to
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retain activity ofthe compound. For example, it may be desirable to avoid excessive heating of
certain agents such as polypeptides, which could lead to denaturation andlossofactivity.

Furthermore,it will be appreciated that a sustained release formulation may contain a variety of
additional components that lack therapeutic activity and that may or may not contribute to the

sustained release features of the formulation. Examplesincludeplasticizing agents, solubilizing

agents, solubility decreasing agents, and dispersing agents (see U.S. Pat. No. 6,331,313),

provided that such components are compatible with administration to the eye under the

conditions used. For example, a sustained release formulation may include a B-cyclodextrin,

which is effective in enhancing the solubility ofthe therapeutic agent. The B-cyclodextrin may

be provided in an amount from about 0.5% (w/w) to about 25% (w/w) of the implant. In certain

implants, the B-cyclodextrin is provided in an amount from about 5% (w/w) to about 15% (w/w)

of the formulation. Other formulations include a gamma-cyclodextrin, and/or cyclodextrin
derivatives.

[00234] A sustained release formulation herein may include an excipient component, such as
effective amounts of buffering agents, preservatives and the like. Suitable water soluble

buffering agents include, withoutlimitation, alkali and alkaline earth carbonates, phosphates,
bicarbonates, citrates, borates, acetates, succinates and the like, such as sodium phosphate,

citrate, borate, acetate, bicarbonate, carbonate and the like. These agents are advantageously
present in amountssufficient to maintain a pH ofthe system of between about 2 to about 9 and

more preferably about 4 to about 8. As such the buffering agent may be as much as about 5% by

weightof the total system. Suitable water soluble preservatives include sodium bisulfite, sodium

bisulfate, sodium thiosulfate, ascorbate, benzalkonium chloride, chlorobutanol, thimerosal,

phenylmercuric acetate, phenylmercuric borate, phenylmercuric nitrate, parabens,
methylparaben, polyvinyl alcohol, benzyl alcohol, phenylethano! and the like and mixtures

thereof. These agents may be present in amounts of from 0.001 to about 5% by weight and

preferably 0.01 to about 2% by weight. These agents may also be used in certain of the liquid
compositions described herein.

[002335] In some embodiments of the invention the sustained release formulation comprises
an agent that enhances uptake of the therapeutic agent by cells, enhances bioavailability ofthe

agentat its site of action, or otherwise enhances activity ofthe therapeutic agent. For example,
a variety ofdelivery vehicles that enhance uptake and/or activity of RNAi agents such as
siRNAsare known in the art and may be includedin the sustained release formulation.
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[00236] If desired, the proportions oftherapeutic agent, polymer, and any other modifiers

may be empirically determined by formulating several implants, for example, with varying
proportions of such ingredients. A USP approved methodfor dissolution or release test can be

used to measure the rate of release (USP 23; NF 18 (1995) pp. 1790-1798). The implants can
also be tested ir: vivo.

[00237] Included within the scope of the term “sustained release formulation” ofa

therapeutic agent are devices or “chips” that include one or more reservoirs containing the agent
and that release the agent or a portion thereof from the one or more reservoirs into the

surrounding environment(see, e.g., U.S. Pat. Nos. 5,797,898 and 6,976,982). Release may

occur through a variety of means. For example, the reservoirs may have a biodegradable cap
that is impermeable to the agent and degrades overtime, so that the therapeutic agent is released
oncethe cap is degraded. Caps ofdiffering thickness will cause release to occur at different
times. Mechanical, electrical, or other means may be used to release the agent from a reservoir,
optionally using external control meansto regulate such release. Release can occur at

predetermined times and/or in predetermined amounts. The device may be programmable.
[00238] VF. Methods ofAdministration

[00239] A variety of different methods, techniques, and procedures may be used to administer
the first and second therapeutic agents. In certain embodiments ofthe invention administration

is performedbyintravitreal injection. Whileit will be appreciated that a certain amountofinter-

physician variability exists.A nonlimiting example of an intravitreal procedure may be
performed as follows: Thetension in the eye is typically measured with a tensiometer and
inflammation is graded clinically. The eyes are anesthetized with sodium channel blockers
(such as novocaine) and treated with mydriatic drops (either sympathomimetic, anti-
parasympathetic or myoplegic in nature), followed by further treatment with anesthetic and

antibiotic drops. A speculum is then inserted under the eyelids and the patient is asked to look
sideways. A caliper is used to measure a distance of2 mm from the limbus and determine the

injection site (this is done in order to avoid hitting the lens with the needle). An injection

sytinge (e.g., a 1 ml or 0.5 ml syringe) with a needle (e.g., a 22, 25, 27, or 30 gauge needle) is
then loaded with 50-100 microliters of an agent(e.g., either Img Avastin or 0.3mg Macugen), or
a syringe that is preloaded with the agent is used. The needle is then inserted at the injection site

until the middle of the vitreous cavity is reached with the tip ofthe needle and the drug is slowly
injected. The syringe is then slowly retracted and pressure is administered for a few secondsat

the site of injection with wet gauze. More antibiotic drops are administered and the speculum is
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removed. The patient is then typically observed for 10 to 60 min, during which time the
intraocular pressure is measured at regular intervals.

[00240] Other methods of administration include, e.g., choroidal injection, transscleral
injection or placing a scleral patch, selective arterial catheterization, intraocular administration

including transretinal, subconjunctival bulbar, intravitreal injection, suprachoroidal injection,
subtenon injection, scleral pocket and scleral cutdown injection, by osmotic pump, etc. In
choroidal injection and scleral patching, the clinician uses a local approachto the eye after
initiation of appropriate anesthesia, including painkillers and ophthalmoplegics. A needle
containing the therapeutic compoundis directed into the subject's choroid or sclera and inserted

understerile conditions. When the needle is properly positioned the compoundis injected into
either or both of the choroid or sclera.

[00241] Intraocular administration of drugs intended for treatment ofmacular degeneration
and/or other intraocular conditions by a variety ofmethods is well known in the art, and any
suitable method can be used in the present invention. See, e.g., U.S. Patent Nos. 5,632,984 and

5,770,589. U.S. Patent No. 6,378,526 provides methodsfor intrascleral injection of a

therapeutic or diagnostic material at a location overlying the retina, which provide a minimally
invasive technique for delivering the agent to the posterior segmentofthe eye.
[00242] Only minor modifications of the foregoing procedures, or no modifications at all,
may be needed to administer first and second therapeutic agents in accordance with the present
invention. Standard injection times and pressures can be used or appropriately modified. For
example, the total injection time may be longer than in the case of injecting a single agent. It
will be appreciated that the nature ofthe modifications, if any, will be dictated at least in part by
the particular procedure as well as the nature of the therapeutic agents and their formulation in
addition to the manner in which they are provided for use by the clinician. For example, in one
embodimenta sustained release formulation containing the second therapeutic agent, e.g., an
ocular implant, is loaded into the needle. The needle may be supplied to the clinician having
already been preloaded with the sustained release formulation or the clinician may load the
needle with the sustained release formulation. Theclinician attaches the needle to the syringe.
An appropriate volume (containing an appropriate amount) ofa solution containing the first
therapeutic agent is then drawn upinto the syringe and thethe intravitreal injection procedureis
performed as described above. Depression of the plungerofthe syringe will eject both the first
therapeutic agent and the sustained release formulation into the vitreous (or elsewhere in the eye
if a technique other than intravitreal injection is used). In another embodiment, a syringe
containing an appropriate volumeofa solution containing the first therapeutic agent is provided
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to the clinician, optionally together with a needle that is preloaded with the sustained release

formulation containing the second therapeutic agent. Thusthe clinician needs to undertake no

measurement, dilution, or other manipulation of the therapeutic agents themselves.

[00243] In another embodiment, both therapeutic agents are contained in individual syringes.

Theinjection is performed with a needle and syringe assembly, wherein the syringe contains the

first therapeutic agent or, more generally, the syringe contains a composition comprising thefirst
therapeutic agent. After administration of the therapeutic agent contained in the syringe, the

syringe is removed and a second syringe, containing the second therapeutic agent, or more

generally, a composition comprising the second therapeutic agent, is attached to the needle. The

second therapeutic agent (or composition) is then administered. The therapeutic agents can be

administered in either order. Any number of therapeutic agents can be administered

consecutively, without removingthe tip of the needle from the subject’s eye.

{00244] Figure 9 shows an exemplary embodimentofa needle and syringe assembly that may

be used to practice the methods of the invention. The assembly includes a syringe having a

barrel and a plunger with a stopper at its end. The syringe is attached to a needle, typically by

means of a threaded tip with an opening(e.g., a Luer lock tip), which is not shown. The portion
ofthe syringe between the stopper and the end ofthe barrel contains a therapeutic agent, e.g., an

angiogenesis inhibitor. The needle contains an additional therapeutic agent, e.g., a sustained

release formulation such as an ocular implant containing a therapeutic agent (e.g., a complement

inhibitor). For purposes ofclarity the implant is depicted outside the needle in Figure 9 though

of course it would be located within the shaft of the needle for administration. Exerting pressure
on the plunger following introduction ofthe needle into a subject’s eye will eject both the

therapeutic agent in the syringe and the ocular implant in the needle into the eye. In other

embodiments,the syringe may be provided with additional or alternative means of ejecting the
implant. .

[00245] In certain embodiments ofthe invention the first and second therapeutic agents are
delivered to different structures, regions, compartments, or tissues of the eye in a single
procedure. For example, a needle or other instrument may pass through different structures,

regions, compartments, or tissues of the eye during the process of inserting and withdrawing the
needle. The first and second therapeutic agents may be ejected into different structures, regions,

compartments,or tissues of the eye in the course ofa single injection procedure. For example,
in one embodiment one ofthe therapeutic agents is introduced into the vitreous and one ofthe

therapeutic agents in introduced into a different structure, region, compartment, or tissue of the

eye in a single procedure. Either the agent that providesrapid rapid improvement in the
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condition ofthe subject’s eye or the sustained release formulation of the second therapeutic
agent may be introduced.into the vitreous.

[00246] The volumeto be administered will depend on the location within the eye to which
the composition is administered. For example, for intravitreal injection volumes of 200 pl,
preferably 100 yl or less are generally preferred. In certain embodimentsthetotal volume of

liquid injected is 200 yl or less, 100 yl or Jess, 50 pl or less. In certain embodiments ofthe

_ invention the total volumeofmaterial introduced into the subject’s eye (including liquid and any
solid or semi-solid components) is 500 j1l or less, 400 ulor less, 300 pl or less 200 iil or less,
100 jl or less, SO p11 or Jess, or 25 jl orless.

[00247] VI. Gene Therapy

[00248] _ The invention also encompasses gene therapy, in which one or moreofthe
therapeutic agents is a nucleic acid that encodes a therapeutic agent such as an siRNA or protein
such as a VCCPin operable association with regulatory elements sufficient to direct expression
of the nucleic acid is administered to the eye. A composition comprising a nucleic acid
therapeutic can consist essentially of the nucleic acid or a gene therapy vector in an acceptable
diluent, or can comprise a drug release regulating component such as a polymer matrix with
which the nucleic acid or gene therapy vectoris physically associated, ¢.g, with whichit is
mixed or within which it is encapsulated or embedded. The gene therapy vector can be a
plasmid, virus, or other vector. Alternatively, the pharmaceutical composition can comprise one
or more cells which produce a therapeutic nucleic acid or polypeptide. Preferably such cells
secrete the therapeutic agent into the extracellular space.

[00249] Viral vectors that have been used for gene therapy protocols include, but are not
limited to, retroviruses, lentiviruses, other RNA viruses such as poliovirus or Sindbis virus,
adenovirus, adeno-associated virus, herpes viruses, SV 40, vaccinia and other DNA viruses.
Replication-defective murine retroviral or lentiviral vectors are widely utilized gene transfer
vectors. Chemical methods of gene therapy involve carrier-mediated gene transfer through the
use of fusogenic lipid vesicles such as liposomes orother vesicles for membrane fusion. A

carrier harboring a nucleic acid of interest can be conveniently introduced into the eye or into
body fluids or the bloodstream. Thecarrier can besite specifically directed to the target organ or
tissue in the body. Cell or tissue specific DNA-carrying liposomes, for example, can be used
and the foreign nucleic acid carried by the liposome absorbed by those specific cells. Gene
transfer may also involve the use of lipid-based compounds which are not liposomes. For
example, lipofectins and cytofectins are lipid~based compounds containing positive ions that

—
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bind to negatively charged nucleic acids and form a complex that can ferry the nucleic acid
across a cell membrane. -

[90250] Certain cationic polymers spontaneously bind to and condense nucleic acids such as

DNAinto nanoparticles. For example, naturally occurringproteins, peptides, or derivatives

thereof have been used. Synthetic cationic polymers such as polyethylenimine (PED, polylysine
(PLL) etc, condense DNA andare useful delivery vehicles. Dendrimers can also be used. Many
useful polymers contain both chargeable amino groups, to allow for ionic interaction with the

negatively charged DNA phosphate, and a degradable region, such as a hydrolyzable ester

linkage. Examples include poly(alpha-(4-aminobutyl)-L-glycolic acid), network poly(amino
ester), and poly (beta-aminoesters). These complexation agents can protect nucleic acids against
degradation, e.g., by nucleases, serum components,etc., and create a less negative surface

charge, which mayfacilitate passage through hydrophobic membranes(e.g., cytoplasmic,
lysosomal, endosomal, nuclear) of the cell. Certain complexation agentsfacilitate intracellular

trafficking events such as endosomal escape, cytoplasmic transport, and nuclear entry, and can
dissociate from the nucleic acid.

[00251] VIL Articles ofManufacture

[90252] In another aspect of the invention, an article of manufacture, which maybereferred

to as a pharmaceutical pack or kit, containing compositions, devices or instruments, and
optionally additional materials or items useful for treating the disorders described aboveis
provided. Thearticle ofmanufacture can comprise.a container and a labelor packageinsert on
or associated with the container. Suitable containers include, for example, bottles, vials, ,
syringes, etc. The containers may be formed from a variety of materials such as glass or plastic.
The container holds a composition whichis, either alone or together with another composition
effective for treating the condition. Optionally the container may havea sterile access port (for
example the container may beavial having a stopper pierceable by a hypodermic injection
needle). The label or package insert may indicate that the composition is used for treating one or
more conditions of choice, e.g., an eye disorder such as macular degeneration. Thearticle of

manufacture may comprise (a) a first container with a composition contained therein, wherein ,
the composition comprisesa first therapeutic agent; and (b) a second container with a

composition contained therein, wherein the composition comprises a sustained release

formulation of a second therapeutic agent. The article ofmanufacture in this embodiment ofthe

invention may further comprise a package insert indicating that the first and second

compositions can be usedto treat a particular eye disorder, e.g., exudative ARMD.

Alternatively, or additionally, the article of manufacture may further comprise a second (or
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third) container comprising a pharmaceutically acceptable liquid, such as bacteriostatic water for

injection (BWFI), phosphate-buffered saline, Ringer's solution and dextrose solution.

[00253] In certain embodiments of the invention the article of manufacture may further
comprise one or more devices or instruments for administering a therapeutic agent to the eye.

For example, the article of manufacture may include one or more needles(e.g., a 22, 25, 27, or

30 gauge needle) and/or one or more syringes(e.g., 0.3, 0.5, or 1.0 ml syringes). Either a needle

or a syringe, or both, may contain one or more compositions comprising a unit dosage form ofa

therapeutic agent. For example, the article of manufacture may includea needle or syringe that

contains a predetermined volume and/or amount of a composition comprising a therapeutic

agent. The article ofmanufacture may contain a needle or syringe that contains a sustained

release formulation of a therapeutic agent, ¢.g., an ocular implant. The needle and syringe may,
but need not be, attached to one another. The needle and/or syringe may be provided with a
removable cap. Providing one or more of the compositions already loaded into the device that

will be used to administer the agent(s) may provide increasedreliability, safety, and

convenience. The article of manufacture may include a plurality of syringes, each of which

optionally contains a unit doseage form of a different therapeutic agent. For example,a first

syringe containing a first therapeutic agent and a second syringe containing a third therapeutic

agent may be included. In one embodimenta first syringe containing an angiogenesis inhibitor

and a second syringe containing a complement inhibitor are provided. Either or both of the

agents may be in a liquid composition. Either or both of the agents may be a component ofa

sustained release formulation. Each syringe may contain a composition containing a single

therapeutic agent and optionally other components such as a pharmaceutically acceptable carrier.
Alternately, one or more of the syringes ‘ay contain a composition containing a plurality of

different therapeutic agents and optionally other components such as a pharmaceutically
acceptablecarrier.

[00254] The individual components described above may be packaged together in a larger

container, e.g., a box, foil, styrofoam, or plastic wrapper, or other container, which may

optionally contain additional packaging material. Care should be taken to use materials that

will, ifnecessary or desirable, protect the therapeutic agent(s) from light and/or other

environmental conditions and will not adversely affect them. The article of manufacture may

include instructions, e.g., in the form of a package insert, that instruct the clinician as to methods

by which the compositions should be administered including, if appropriate, instructions for

assembling, diluting, or otherwise manipulating any individual components. In one embodiment

each article ofmanufacture contains appropriate amounts offirst and second compositions
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comprising first and second therapeutic agents for performing a single procedure(i.e., a single
administration offirst and second therapeutic agents to the eye). Optionally included are
devices or instruments such as a needle and syringe for performing the procedure. Theneedle,
Syringe, or both, may be preloaded with a composition comprising a therapeutic agent. Articles
ofmanufacture that contain one or more of any of the therapeutic agents, sustained release
formulations thereof, and/or devices or instruments for administering a therapeutic agent to the
eye, and any combinationsthereof, are within the scope of the invention.

[00255] Preferably any composition to be administered to the eye is sterile. The composition
can be madefrom sterile components,orsterilization can be performed after manufacture.
Methodsofsterilization include irradiation, heat, etc. Preferably, the sterilization method used
does not substantially reduce the activity or biological or therapeutic activityof the therapeutic
agents. Devices and instruments to be used for administration to the eye are also preferably
Sterile, at least to the extent they will enter the eye.
100256] VIII. Testing in Animal Models

[002357] Animal models that replicate one or more features ofmacular degeneration, diabetic
retinopathy, CNV, inflammation,or other ocular conditions are known in the art. A compound
of the invention can be administered in various doses to mice,rats, dogs, primates, etc. that have
spontaneous macular degeneration and/or CNV or in which macular degeneration and/or CNV
have been induced by a treatment. The ability ofthe compound to preventor treat one or more
signs or symptoms ofmacular degeneration (e.g. CNV, accumulation of lipofuscin in and/or
drusen beneath the RPE, photoreceptor atrophy or hypertrophy, altered RPE pigmentation,
photoreceptorloss, altered electroretinogram,etc.) is assessed. Visual examination,
photography,histopathology, immunohistology, etc., can be used.

[00258] Useful models include animals (e.g., mice,Yucatan pigs, monkeys, etc.) in which
CNV is induced by laser treatment (see, e.g., Bora, P.S., et al., Proc. Natl. Acad. Sci. 100(5):
2679-2684, 2003; Zacks, DN,et al., Invest Ophthalmol Vis Sci. 243(7):2384-91, 2002). Other
models include animals that have been treated with a variety of agents suchas lipid
hydroperoxide (Tamai, K., et al., Exp Eye Res. 74(2):301-8, 2002), pellets comprising growth
factors, etc. Animals genetically engineered to overexpress or underexpress one or more genes
are also useful. For example, transgenic mice (med/med mice) that express a mutated form of
cathepsin D thatis enzymatically inactive display features associated with geographic atrophy
(Rakoczy, PE, et al, Am. J. Path., 161(4), 1515-1524, 2002). Adeno-associated virus (AAV)
mediated expression ofvascular endothelial growth factor induces CNV in rats (Wang,F., et al.,
Invest Ophthalmol Vis Sci. 44(2):78 1-90, 2003). One animal modelis a transgenic mouse
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deficient in either monocyte chemoattractant protein (Ccl-2) or its cognate chemokine receptor
(Ccr-2) (Ambati, J., et al., Nat Med. 9(1 1):1390-7, 2003; U.S.S.N. 10/685,705 — U.S. Pat. Pub.
No. 20040177387). Aged mice with a deficiency in either ofthese proteins exhibit a number of
features ofARMD including accumulation of lipofuscin in and drusen beneath the RPE,
photoreceptor atrophy, and CNV. Methods for testing the efficacy of a candidate agent using
this mouse modelare disclosed in U.S. Pat. Pub. No. 20040177387. In general, a candidate
agent is administered to the mouse either before or after developmentoffeatures ofARMD,and
at least one eye is monitored for development or regression of drusen and/or lipofuscin
accumulation therein, for effect of the candidate agent on Bruch's membrane, effect on retinal

degeneration, and/or for effect on CNV.
[00259] The therapeutic agents are administered as described herein. The eye can be analyzed
by ophthalmoscopy (e.g., indirect ophthalmoscopy,slit lamp assessment), angiography (e.g.,
fluorescein angiography), histopathology, optical coherence tomography (OCT), fundus
photography, or a combination thereof. Any ofthese methods can be used to assess efficacy in
any animal model or in humans. Compoundsthat show promising results in animal studies are
tested in humans,e.g., using standard protocols and endpoints for clinical trials for therapies for
ARMDordiabetic retinopathy butit will be appreciated that agents may be administered to
humans without evidence ofefficacy in animal models.

[00260] LX. Identifying Subjects andAssessing Response

[00261] The methodsofthe invention may include providing a subject to which a
composition of the invention is to be administered. The subject is typically suffering from an
eye disorder characterized by macular degeneration, CNV, or RNV. The compositions are
administered to the subject according to the inventive methods with the intent of treating or
preventing such condition. Thus the subject will typically have been identified as being at risk
of or suffering from such a condition. Methods for diagnosis of macular degeneration, CNV,
and RNV etc., and for assessing response to therapy are known intheart.

[00262] Anysuitable tests and criteria can be used to identify a subjectat risk of or suffering
from a macular degeneration related condition, diabetic retinopathy, or CNV and/orto evaluate
the condition of a subject’s eye either prior to or following therapy(e.g., to determine whether
the subject is in need of therapy or has respondedto therapy). Visual acuity can be measured
using, for example, a Snellen chart, a Bailey-Lovie chart, a decimal progression chart, a Freiburg
visual acuity test, a measurement ofminimum angle of resolution (MAR)etc. Metamorphopsia
(visual distortion) may be measured using an Amsler chart. Contrast sensitivity may be
measured using a Pelli-Robson chart. Diagnostic studies include, but are not limited to, standard
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ophthalmologic examination ofthe fundus, stereo biomicroscopic examination ofthe macula,
intravenous fundusfluorescein angiography, fundus photography, indocyanine green video-
angiography, and optical coherence tomography (OCT). OCT maybeofparticular use for

measuring macular thickness, an indicator ofmacular edema. A subject displaying an

abnormality on one or more ofthese diagnostic studies(e.g., a subject that falls outside a range
that is considered normal for a healthy eye) may be treated in accordance withthe present
invention.

[00263] Subjects may beclassified as having early, intermediate, or advanced ARMD in

accordance with the classification scheme used in the Age-Related Eye Diseases Study

(AREDS), which is set forth in guidelines developed American Academy of Ophthalmology
(American Academy of Ophthalmology, Age Related Macular Degeneration Preferred Practice
Pattern™, 2003; available for downloadat URL

www.aao.org/aao/education/library/ppp/amd_new.cfm). A subject falling into any of these
categories may be treated in accordance with the present invention. If the subject has already
developed CNV,the subject may have classic CNV, occult CNV, or a mixture ofthe two. Of

course alternate classification schemes, of which a variety is described in the literature, could be

used.
[00264] ARMD is known to have a genetic component, based on studies showing an
increased incidence ofARMD inindividuals with relatives suffering from ARMD(e.g., twin
studies). Therefore, a subject may be considered at risk of developing ARMD if he or she has

one or morecloserelatives (e.g., parent, grandparent,sibling, cousin, uncle, aunt), who has

received a diagnosis of ARMD. Individuals who havecertain polymorphic variants of genes
encoding certain complement components, such as the factor H gene, are particularly prone to
develop ARMD (see,e.g., Klein RJ, et al., Zeiss C, Science, 308(5720):385-9, 2005; Edwards

AO,et al., Science, 308(5720):421-4, 2005; Haines JL, et al., Science, 308(5720):419-21, 2005).
In one embodiment the method comprises providing or ascertaining a genotype of a subject,
wherein the genotype includes information as to the presence of one or more polymorphisms
predisposing to ARMD. Optionally the gene encodes a complement component, e.g., factor H
or factor B.

[00265] Individuals who smoke and/or consumea high fat diet are also at increased risk. The
incidence of ARMD increases with age. Therefore, an individual over approximately 50 years
of age, generally at least 60 or at least 70 years of age may be considered at increased risk. An
individual having drusen and one or more additional risk factors may be at particular risk for
developing ARMD. An individual with multiple drusen, particularly iflarge and with indistinct
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borders, may beat particular risk. An individual with RPE hyperpigmentation or
hypopigmentation or geographic atrophy maybeat particular risk. Specific genetic mutations
are associated with various less common macular degeneration related conditions. A subject
whohas received a diagnosis of diabetesis at risk of developing diabetic retinopathy. In
addition, a subject who has developed ARMD in one eyeis at increased risk of developing the
disorder in the other eye.

[00266] Responseto therapy can be assessed by any of the methods mentioned above.

Numerousstudies have been conducted to assess the efficacy of a variety of different therapies
in restoring vision, preventing visual loss, and/or resulting in improvement or slowing
progression ofARMD orchoroidal neovascularization as judged by diagnostic tests such as
those described above. One ofordinary skill in the art will be able to select appropriate criteria
by which to judge the efficacy of therapy.

[00267] Rapid improvementin the condition ofthe subject’s eye may be, for example, any
clinically significant improvementin a sign or symptom associated with the eye disorder. For
example, the improvement may be an improvementin visual acuity (e.g., best corrected visual
acuity) such as gaining 1, 2, 3, or more lines on an eye chart. The improvement may be a
decrease in macular thickness, e.g., a decrease by at least 50 pum, at least 100 pum,at least 150
Hm, etc. The improvementcan be a decrease in the area of exudate evidentin or on the retina.
[00268] The improvement can be an increase of at least 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, 200%, 300%, or more, in any quantitative measure of the condition of the

subject’s eye, where an increase in the quantitative measure indicates improvement in the
condition of the subject’s eye. The improvement can be a decrease ofatleast 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or more, in any quantitative measure of the condition of the

subject’s eye, where a decrease in the quantitative measure indicates improvement in the
condition ofthe subject’s eye. If a scoring system is used as an indication of the condition ofthe

subject’s eye, (e.g., a scoring system including scores ranging from 1-3, 1-5, 1-10, etc.), the
improvement may be, e.g., an increaseofat least 1, 2, 3, OF more units, where an increase in the

score indicates improvementin the condition of the subject’s eye. Alternately, ifa scoring
system in which a decreasein the score indicates an improvementin the condition of the

subject’s eye is used, the improvement maybea decreaseofatleast 1, 2, 3, or more units. One
of ordinary skill in the art will appreciate that a variety of scoring systems may be used. For
example, scores may be expressed in terms ofunits such as “+”or “-“* rather than with integers.
Ofcourse it will be understood that individual responses will vary, and notall sujbects will
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respond. In animal studies andin clinical trials, changes in the condition of a subject’s eye may
be expressed in terms of an average or mean change in the population studied and/or using
appropriate statistical tests.

[00269] In one example, subjects with exudative ARMDare divided into two groups. A
variety of parameters, for example visual acuity (e.g., best corrected visual acuity), contrast
sensitivity, visual distortion, retinal hemorrhage numberor area, macular thickness, etc., are

evaluated to provide baseline indication of the condition of the subject’s eye. One group
receives a single intravitreal injection ofa first therapeutic agent, e.g., an angiogenesis inhibitor
such as an anti-VEGFagent, e.g., Lucentis, Avastin, or Macugen. The other group receives the
same dose ofthe first therapeutic agent and also receives a sustained release formulation of a

second therapeutic agent(e.g., a complement inhibitor such as compstatin or a derivative
thereof), with both agents being administered together by a single intravitreal injection. The
sustained release formulation may be, e.g., a cylindrical or screw-shaped ocular implant
comprising the second therapeutic agent, a plurality ofparticles comprising the agent, a

composition that formsa discrete solid or semi-solid structure such as a gel following

administration, etc. The groups are monitored over time. Parameters such as visual acuity (e.g.,
best corrected visual acuity), contrast sensitivity, visual distortion, retinal hemorrhage numberor
area, macular thickness, etc., are evaluated, preferably using the same methods and metrics as

were used in the initial evaluation to determine baseline values. For example, resolution of
macular edema may be monitored by OCT. Evaluations to determine the numberof subjects

who experience rapid improvementin the condition of a treated eye can take place, e.g., 1 week,
10 days, or 2 weeks following treatment. The numberof subjects that experience rapid

improvementin the condition of a treated eye (e.g., rapid decrease in macular edemaandits
associated visual disturbances) is compared between the two groups. Also monitoredis the

average time to destabilization, e.g., the average time before an acute deterioration in one or

more of the foregoing parameters occurs. Also monitored (e.g., using fluorescein angiography
and/or ophthalmologic examination) is the extent ofneovascularization and/or vessel leakage at
various time points following treatment, e.g., at 30, 60, 90, 120, 150, and 180 day time points
and at 30 day intervals thereafter (or an appropriate subset of these time points). The change
from baseline in a retinal thickness score may be evaluated and compared between the two
groups. A greater mean decreasein retinal thickness at one or more of the foregoing time points
in the group that received the combinedtherapy of the present invention is indicative that the
combined therapy ofthe present invention provides a therapeutic advantage fortreating the eye
disorder. The change from baseline in fluorescein leakage score (where the fluorescein leakage
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score provides an indication of neovascularization and/or vessel leakage and a higher score
indicates a greater amount of neovascularization and/or vessel leakage) may be evaluated. A
greater mean decrease in fluorescein leakage score from baseline in the in the group that
received the combined therapy ofthe present invention is indicative that the combined therapy
ofthe present invention provides a therapeutic advantage for treating the eye disorder.
[00270] Each of the above examplesis repeated except that the first and second therapeutic
agents are both complement inhibitors or combinations thereof. For example, the first
therapeutic agent is a VCCP andthe second therapeutic agent isa GPCRA.Alternately, the first
therapeutic agent is compstatin or a derivative thereofand the second therapeutic agent is a
VCCP.

[00271] Each of the above examplesis repeated except that one ofthe groups receives, by a
single intravitreal injection, a composition comprising multiple therapeutic agents in a liquid
medium and a sustained release formulation containing at least one therapeutic agent. The
multiple therapeutic agents can be, for example, different angiogenesis inhibitors. Alternately,
the multiple therapeutic agents can include a complementinhibitor and an angiogenesis
inhibitor. The sustained release formulation may contain, for example, two or more different
complement inhibitors or a complement inhibitor and an angiogenesis inhibitor. For example, in
one embodimentthe sustained release formulation contains a compstatin analog and Lucentis.
[00272] Each of the above examplesis repeated except that at least one therapeutic agentis
an RNAi agent. For example, the first or second therapeutic agent is an siRNAthatinhibits
expression of one or more endogenous pro-angiogenic molecules such as one or more VEGF

isoforms, one or more VEGF receptors, one or more complement components, etc. In one

embodiment the sustained release formulation contains at least two RNAi agents, each of which
inhibits expression of a different pro-angiogenic molecule. For example, the sustained release
formulation may contain Cand5 and Sirna-027.

[00273] Each ofthe above examplesis repeated in subjects suffering from diabetic
retinopathy.

[00274] Jn another example the ability of the inventive compositions and methodsto inhibit
Progression of early ARMD (AREDS2)to intermediate ARMD (AREDS 3) is assessed.
Subjects with early ARMDare divided into two groups, one ofwhich receives an inventive
combination of agents as described in either of the two examples above while the other receives
either no therapy or an alternative therapy such as therapy with a single agent, e.g., Lucentis,
Avastin, or Macugen as described in either of the two examples above. The groups are
monitored for a period oftime (e.g., as described above). In addition the percentage ofsubjects
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that progress from early to intermediate ARMDis determined. A lower proportion of subjects
that progress to intermediate ARMD in the group that receives the combined therapy ofthe
present invention is indicative that the combined therapy ofthe present invention provides a
therapeutic advantage for treating the eye disorder.

[00275] In another example the ability of an inventive methodto inhibit progression of
intermediate ARMD (AREDS3) to advanced ARMD (AREDS4) is assessed. Subjects with
intermediate ARMDare divided into two groups, one ofwhich receives an inventive
combination of agents as describedin either of the two examples above while the other receives
either no therapy or an alternative therapy such as Lucentis, Avastin, Macugen as described in
either of the two examples above. The groups are monitored for a period of time(e.g., as
described above). The percentage of subjects that progress from intermediate to advanced
ARMDis determined. A lower proportion of subjects that progress to advanced ARMDin the
group that receives the combined therapy of the present invention is indicative that the combined
therapy of the present invention provides a therapeutic advantagefor treating the eye disorder.
[00276] In addition to monitoring progression ofARMD,the incidence of side effects and
complications may also be monitored. Consideration of side effects is an important aspect when
evaluating the overall outcomeand risk/benefit ratio ofa therapy. For example, if two therapics
are equally efficacious in termsofinhibiting progression ofor treating ARMD,the therapy with
a lower incidence of side effects (e.g., severe complications such as those mentioned above) is
typically preferred for most subjects. In certain embodiments ofthe invention therapy ofa
disorder such as ARMD,oradisorder featuring CNV or RNVfrom any cause, using the
methods and compositions of the invention is associated with fewer total side effects, e.g.,
severe complications, over time (e.g., over a 1-2 year period) than therapy in which multiple
agents are administered individually or therapy in which only a single therapeutic agentis used. '

" Equivalents and Scope
[00277] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention |
described herein. The scope ofthe present invention is not intended to be limited to the above
Description, but rather is as set forth in the appendedclaims. In the claims and elsewhere in the
specification, articles such as “a,”, “an” and “the” may mean one or more than one unless
indicated to the contrary or otherwise evident from the context. For example, the indefinite
articles “a” and “an”, as used herein in the specification and in the claims, unless clearly
indicated to the contrary, should be understood to mean “at least one”. Claims or descriptions

ms
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that include “or” between one or more members of a group are considered satisfied if one, more
than one, or all ofthe group membersare present in, employedin, or otherwise relevant to a

given product or process unless indicated to the contrary or otherwise evident from the context.

The invention includes embodiments in which exactly one memberofthe group is presentin,
employed in, or otherwise relevant to a given product or process. The invention also includes

embodiments in which more than one, or all of the group membersare present in, employed in,
or otherwise relevant to a given product or process. Furthermore,it is to be understood that the

invention encompassesall variations, combinations, and permutations in which one or more

limitations, elements, clauses, descriptive terms, etc., from one or moreofthe listed claims {or
from the portion of the specification relevant to such claim or claim element) is introducedinto
another claim. For example, and withoutlimitation, any claim that is dependent on another
claim can be modified to include one or more elementsor limitations found in any other claim
(or from the portion of the specification relevant to such claim or claim element) that is
dependent on the same base claim. Furthermore, where the claims or description recite a
composition, it is to be understood that methods of administering the composition according to
any of the methods disclosed herein, and methodsofusing the composition for any of the
purposes disclosed herein are included, and methods ofmaking the composition according to
any of the methods of making disclosed herein are included, unless otherwise indicated or unless

it would be evident to one of ordinary skill in the art that a contradiction or inconsistency would
arise. The invention encompassesall variations, combinations, and permutations in which one
or more elements, clauses, descriptive terms, etc., from one or more ofthe listed claims is

introduced into another claim dependent on the same base claim unless otherwise indicated or

unless it would be evident to one of ordinary skill in the art that a contradiction or inconsistency
would arise.

[90278] Where elements are presented as lists, e.g., in Markush group formatorthe like, it is
to be understood that each subgroup ofthe elementsis also disclosed, and any element(s) can be
removed from the group. It should it be understoodthat, in general, where the invention, or
aspects ofthe invention,is/are referred to as comprising particular elements, features, etc.,
certain embodiments of the invention or aspects of the invention consist, or consist essentially
of, such elements, features, ete. For purposes of simplicity those embodiments have not been
specifically set forth in haec verba hereinin all cases.

[00279] The inclusion ofa “providing a subject...” step in certain methods of the inventionis
intended to indicate that the composition is administered to treat an eye disorder. Thus the
subject will have or beat risk of an eye disorder and the compositionis administered to treat the
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disorder, typically upon the sound recommendation of a medical or surgical practitioner, e.g., an
ophthalmologist, who may or maynotbe.the same individual who administers the composition.
The invention includes embodiments in which a step ofproviding is not explicitly included and
embodiments in which a step ofproviding is included. The invention also includes

embodiments in whichastep of identifying the subject as being at risk of or suffering from a eye
disorder characterized by macular degeneration, CNV, or RNV,is included.
[00280] Where rangesare given, endpoints are included and the invention includes —

embodiments in which either or both endpoints are excluded. Furthermore,it is to be
understood that unless otherwise indicated or otherwise evident from the context and

understanding of one of ordinary skill in the art, values expressedas ranges can assume any
specific value or subrange within the stated ranges in different embodiments ofthe invention, to
the tenth of the unit of the lower limit ofthe range, unless the context clearly dictates otherwise.
[00281] Anyparticular embodiment ofthe compositions or methodsof the invention (e.g,.
any therapeutic agent, any sustained release formulation or any method ofpreparing a sustained
release formulation), any method ofadministration, any eye disorder or condition or

characteristic(s) thereof, or any subject characteristic(s) can be excluded from any one or more
claims, for any reason, whether or not related to the existence ofpriorart.
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We claim:

1.

10.

A methodoftreating aneye disorder characterized by macular degeneration, CNV,or
RNV comprising the step of: administering effective amounts offirst and second

therapeutic agents to the subject’s eye in a single procedure, wherein the first

therapeutic agent provides rapid improvementin the condition of the subject’s eye
and the second therapeutic agent is administered as a sustained release formulation of
the second therapeutic agent.

The method of claim 1, wherein the rapid improvement includes improvementin the
visual acuity of the eye that occurs within 2 weeks following administration ofthe
agents.

The method of claim 1, wherein the procedureis an injection procedure.

The methodofclaim 1, wherein the procedure is an injection procedure in which the

first and second therapeutic agents are injected into the vitreous of the subject’s eye.

The method of claim 1, wherein the procedure is an injection procedure in which,
prior to administration, the first therapeutic agent is contained in a syringe and the
sustained release formulation comprising the second therapeutic agent is contained in
a needle attached to the syringe.

The method of claim 5, wherein thefirst therapeutic agent is dissolved in a liquid
medium located in the syringe and the sustained formulation of the second therapeutic
agent comprises an ocular implant located in the needle.

The method of claim 1, wherein the first therapeutic agent is an angiogenesis
inhibitor.

The method of claim 1, wherein thefirst therapeutic agent is an anti-VEGFagent.

The methodofclaim 1, wherein thefirst therapeutic agent is an anti-VEGF agent
selected from the group consisting of: antibodies that bind to VEGFand nucleic acids
that bind to VEGF,

The method of claim 1, wherein the first therapeutic agent is selected from the group
consisting ofbevacizumb, ranibizumab, and pegaptanib.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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The method of claim 1, wherein the second therapeutic agent is a complement
inhibitor.

The method of claim 1, wherein the second therapeutic agent is a complement

inhibitor selected from the group consistingof: viral complementcontrol Proteins and
peptides or small molecules that bind to a complement component.

The method of claim 1, wherein the second therapeutic agent is compstatin or a
derivative thereof.

The method of claim 1, wherein the second therapeutic agent is a GPCRA.

The method of claim 1, wherein thefirst therapeutic agent is an angiogenesis inhibitor
and the second therapeutic agent is a complementinhibitor.

The method ofclaim 1, wherein compstatin or an analog thereof and a C5ainhibitor
are adminstered.

The method ofclaim 16, wherein the CSa inhibitor is a C5a receptor antagonist.

The method ofclaim 1, wherein the first therapeutic agent is dissolved or suspended
in a liquid medium prior to admininstration.

The method ofclaim 1, wherein the sustained release formulation comprises an ocular
‘implant comprising the second therapeutic agent.

The method of claim 1, wherein the sustained release formulation comprises a
polymeric material.

The method of claim 20, wherein the polymeric material is biodegradable.

The methodofclaim 20, wherein the polymeric material is selected from the group
consisting of: poly-lactic acid (PLA), poly-glycolic acid (PGA), poly-lactide-co-
glycolide (PLGA), poly(phosphazine), poly (phosphate ester), polycaprolactones,
polyanhydrides, ethylene vinyl acetate, polyorthoesters, polyethers, poly (beta amino
esters), copolymers containing monomericsubunits found in any ofthe foregoing
polymers, collagen, albumin, chitosan, alginate, hyaluronic acid, and mixtures of any
of the foregoing polymers.
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30.

31.

32.
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The method of claim 1, wherein the sustained release formulationcomprises
nanoparticles, microparticles, dendrimers, or liposomes comprising the second
therapeutic agent.

The method of claim 1, wherein the sustained release formulation comprises a solid or
semi-solid material that entraps or encapsulates the second therapeutic agent.

The method of claim 1, wherein the sustained release formulation comprises an
inactive material to which the second therapeutic agent is covalently attached.

The method of claim 1, wherein thefirst therapeutic agent is administered in soluble
or particulate form in a liquid medium andthe second therapeutic agentis
administered in or attached to a solid or semi-solid matrix.

The method of claim 1, wherein the second therapeutic agent, when administered as a
componentof the sustained release formulation, has an activity period greater than
that ofthe first therapeutic agent.

The method of claim 1, wherein administering the second therapeutic agent prolongs
the time interval during which the subject experiences improvement in the condition
of the subject’s eye relative to the time interval during which the subject would have
experienced improvementifthe first therapeutic agent had been administered as sole
therapy.

The method of claim 1, wherein the eye disorder is exudative ARMD.

The method of claim 1, wherein the subject has experienced a perceptible
deterioration in the condition of the subject’s eye within the two weekspreceding
administration of the first and second therapeutic agents.

The method ofclaim 1, further comprising performing the method one or more
additional timesat time intervals greater than the activity period of the first
therapeutic agent,

A method oftreating an eye disorder characterized by macular degeneration, CNV, or
RNV comprising thestep of: administering first and second compositions to the
subject’s eye in a single procedure, wherein thefirst composition comprises an
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angiogenesis inhibitor or complementinhibitor that provides rapid improvementin
the condition of the subject’s eye and the second composition comprises a sustained:
release formulation comprising an angiogenesis inhibitor or a complement inhibitor.

The method of claim 32, wherein the single procedureis an intravitreal injection.

The method of claim 32, wherein the angiogenesis inhibitor is an anti-VEGFagent.

The methodof claim 32, wherein the angiogenesis inhibitor is an anti-VEGF agent
selected from the group consisting of: antibodies or antibody fragments that bind to
VEGFandnucleic acids that bind to VEGF.

The method of claim 32, wherein the angiogenesis inhibitor is selected from the group
consisting of bevacizumb, ranibizumab, and pegaptanib.

The method of claim 32, wherein the complement inhibitoris selected from the group
consisting of: viral complement control proteins and peptidesthat bind to a
complement component.

The method of claim 32, wherein the complementinhibitoris compstatin or a
derivative thereof.

The method of claim 32, wherein the angiogenesis inhibitor is selected from the group
consisting of bevacizumb, ranibizumab, and pegaptanib and the complementinhibitor
is compstatin or a derivative thereof.

The method of claim 32, whereinthe first therapeutic agent is provided at least in part
dissolved or suspended in a liquid medium.

The method of claim 32, wherein the second therapeutic agent is released from the

ocular implant so as to maintain a therapeutic level in the subject’s eye over a period
of at least 3 months.

A methodofadministering first and second therapeutic agents to the eye of a subject
comprising: injecting Gi)a solution or suspension containing the first therapeutic agent
and (ii) a solid ocular implant, plurality ofparticles, or gel-forming composition
containing the second therapeutic agent into the subject’s eye in a single injection
procedure.
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43.

44,

45.

46.

47.

48.

49.

50.

31.

32.

53.

34.

The method of claim 42, wherein the first and second therapeutic agents are injected

into the vitreous ofthe subject’s eye. -

The method of claim 42, wherein (i) the solution or suspension; and(ii) the solid

ocular implant, plurality ofparticles, or gel-forming composition,are injected using a
single needle and syringe assembly.

The method of claim 42, wherein the first therapeutic agent provides a rapid
improvement in the condition of the subject’s eye.

The method of claim 42, wherein the activity period of the second composition is

greater than the activity period of the first composition.

The method of claim 42, wherein the second therapeutic agent does not provide rapid
improvement in the condition of the subject’s eye.

The method of claim 42, wherein the second therapeutic agent has an activity period
greater than thatof the first therapeutic agent.

The method of claim 42, further comprising the step of: repeating the administering

step once or moreat time intervals greater than the activity period ofthe first

therapeutic agent.

An article of manufacture comprising (i) a first therapeutic agent effective for treating
an eye disorder; and (ii) a needle containing a second therapeutic agent.

The article of manufacture ofclaim 50, further comprising a syringe.

The article of manufacture ofclaim 50, further comprising a syringe, wherein the

syringe contains the first therapeutic agent.

Thearticle of manufacture of claim 50, wherein the article ofmanufacture contains a

unit dosage form ofthe first therapeutic agent.

The article of manufacture ofclaim 50, wherein the article of manufacture contains a

unit dosage form ofthe first therapeutic agent and a unit dosage form ofthe second
therapeutic agent.
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55.

56.

37.

38.

59.

60.

61.

62.

63.

64.

65S,

Thearticle of manufactureof claim 50, further comprising a syringe, wherein the

article of manufacture contains at least one compartment and the syringe and needle

are housed in a single compartmentofthe article ofmanufacture.

The article of manufacture of claim 50, further comprising a syringe, wherein the

syringe and needle are attached to one another.

The article of manufacture of claim 50, further comprising a syringe, wherein the

article ofmanufacture contains at least two compartments, and wherein the syringe

and needle are housed in individual compartments.

An article ofmanufacture comprising @a first therapeutic agent effective for treating
an eye disorder; (ii) a second therapeutic agent effective for treating an eye disorder,

wherein each therapeutic agent is contained in an individual syringe.

The article of manufacture of claim 58, further comprising a needle.

A method of supplying a combination therapy for an ocular disorder comprising

providingthe article ofmanufacture of any of claims 50 - 59.

The method of claim 60, wherein the step ofproviding comprises: shipping the article

ofmanufacture to a pharmacyorto a site of health care delivery.

A needle and syringe assembly, wherein the needle contains a sustained release

formulation comprising a first therapeutic agent for an eye disorder and the syringe
contains a second therapeutic agent for the eye disorder, wherein the second

therapeutic agent is dissolved or suspended in a liquid medium.

The needle and syringe assembly ofclaim 62, wherein the sustained release

formulation comprises an ocular implant, plurality ofparticles, or gel-forming
material.

The needle and syringe assembly of claim 62, wherein the first therapeutic agent is a

complement inhibitor or an angiogenesis inhibitor and the second therapeutic agentis

a complement inhibitor or an angiogenesis inhibitor.

The needle and syringe assembly of claim 62, wherein the first therapeutic agent is a

complement inhibitor and the second therapeutic agent is an angiogenesis inhibitor.
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POLYPROPYLENE HOLLOW BARREL WITH SLIDING COATED RUBBER PISTON

[001] The present invention relates to a device comprising a piston sliding in a bodylike, for

example, a syringe.

[002] In most of commercial syringes, the piston sliding in the hollow barrel of a syringe bodyis
made of a resilient material, such as rubber or thermoplastic elastomer, to absorb the

irregularity in the shape of the syringe body. In order to allow the sliding and ensure that the

syringe does not become leaky when pressure is applied, the sliding piston is coated with a

silicone lubricant. One disadvantage of the use ofsilicone coated pistonsis that that the silicone

oils contaminate the content of the syringe body, e.g. a liquid medicamentto be applied with the

syringe. |

[003] In order to avoid such effect, laminated pistons were developed and disclosed in the prior

art. Those pistons are of a silicone-free type in which it is not necessary to coat the sliding

portion with a silicone oil layer as a lubricant.

[004] In US patent 6,090,081, pistons (rubber stoppers) are described which are capable of
satisfying both the sealing property and slidable property without using silicone oils and having

high sanitary and safety property. Such pistons are coated with a tetrafluoroethylene-ethylene
copolymer resin as disclosed in Japanese Patent Laid-Open Publication No. 139668/1987, or
with a polytetrafluoroethylene resin film, as disclosed in Japanese Patent Laid-Open Publication

No. 97173/1988. The content of the said US patent and the Japanese Patent Publications are

incorporated herein by reference.

[005] Efforts were made to develop new materials for the body of the syringes which can be
combined with the laminated pistons.

[006] It is the merit of the present invention that it was surprisingly found thatit is possible to
combine certain pistons with certain coating with conventional hollow barrel bodies made of

polypropylene in order to obtain a device fulfilling all functional, sanitary and regulatory
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requirements for use for medical purposes, like air and water tightness and required sliding

forces.

[007] In one embodimentof the invention, the surface of the resilient piston is coated with a

laminated layer of polytetrafluoroethylene resin film, in another embodiment the surface of the

resilient piston is coated with a laminated layer tetrafluoroethylene-ethylene resin film. The

coating can be performed as described in US patent 6,090081 and the Japanese Patent Laid-

Open Publication No. 139668/1987, or Japanese Patent Laid-Open Publication No.

97173/1988. In a further embodiment of the present invention, a tetrafluoroethylene polymer

coated piston Flurotec commercially available from West Pharmaceutical-Daikyo as specified in

Example 1 is used.

[008] A hollow barrel polypropylene body according to the present invention may be any body

made of polypropylene which is a hollow barrel intended for use in combination with a sliding

piston, e.g. conventional syringe bodiesorthelike. It is within the ordinary skill of a workerin the

field to be capable to combine a piston with a certain design with the appropriate hollow barrelin

order to achieve the functional requirements such as air and water tightness and requiring a

sliding force thatfulfills the acceptance criteria of regulatory authorities.

[009] Therefore, the invention concerns a device comprising a combination of a polypropylene

body with a laminated piston defined above as possible embodimentof the invention.

[010] The device exemplified in detail in the following example shall be another embodiment of
the invention. However, the examples shall illustrate the invention and not be usedto limit the

scopeof the teaching given herein.

EXAMPLES

EXAMPLE1: “TRICOS-Fluoro-DEVICE”

[011] in a TRICOS-device (see FIGURE 1) constituted of plunger, a body syringe, a screwing

top and a luer cap as described in PCT patent publication number W02004032808, the
conventional rubber piston is replaced by 5mi piston made of Butyl rubber coated with
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tetrafluoroethylene polymer resin as per BP 3P01020 obtained from West Pharmaceutical-

Daikyo. Such amended TRICOS-device is named TRICOS-Fluoro-Device.

[012] The different components of one embodiment of the TRICOS-Fluoro-Device are

described in detail in the following table:

 
 

[|Description_
Screwing|Molded part made of 96 %

natural polypropylene
(Grade: HD810MO)and
4%of Blue concentrate

Polybatch P45056 as per
BP !nd.01.10.001-D -

RE REF #195 10030F0020

Bouchon

Luercap|Molded part made of PL 20007803|10852601|1747 as per BP PF0470

Molded part made of
natural polypropylene
(Grade: HD810MO)as per
BP Ind.01.10.001-D- Corps
de seringue

Molded part made of
natural polypropylene
(Grade: HD810MO)as per
BP Ind.01.10.001- C-

Piston de seringue

5ml piston made of Butyl.
rubber coated with.

tetrafluoroethylene
polymerresin as per BP
3P01020

obtained from West

Pharmaceutical-Daikyo.

  
 

  
  
 

  
  
  

  
  

 

 

 
  

 

  
Body RE REF #194 er
syringe  

  
  
  
 
 
 

 
  
  
  
  
 

   
 
  Plunger RE REF #196 10030F0021

  

 
 

 

  5 ml Piston FR2-2RS
— formulation: D21-6-

4 .

030110

 
  

[013] The use of a tetrafluoroethylene polymer coated piston from Daikyo with the

polypropylene syringe body, presents a lot of advantages for the development of the final

product, as it does not require the useofsiliconeoil to facilitate the sliding of the piston inside of

the syringe body. This is a tremendous advantage from a regulatory but also manufacturing

point of view: easy to store, does notstick, inexpensive process and equipment, no transfer of

the silicone oil to the granules of calcium phosphate.

Further embodiments of TRICOS-Fluoro-Device:
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[014] “Sml, 10mli and 20ml” tetrafluoroethylene polymer coated pistons(i.e pistons foreseen for

conventional 5ml, 10ml, and 20ml syringes, respectively) from Daikyo were successfully used

with 3.5 ml, 7.0 ml and 17ml TRICOS syringes (design History file : 001-DHF-NIV). Of course, it

is understood that also pistons of other size could be used with the appropriate hollow barrel

(TRICOSsyringe) to produce a functional TRICOS-Fluoro-Device.

EXAMPLE 2: TESTS

{015] Tests were performed to evaluate if the tetrafluoroethylene polymer resin coated piston

can fulfill the acceptance criteria of the standards applying for syringe like container made of

polypropylene HD810MO.

[016] These standards are applied for commercial syringe made of polypropylene with a piston

that is siliconized.

1. Air leakage between the piston and the inner wall_of the syringe body during aspiration, and

for separation of piston and plunger as per ISO 7886-1 (annex B

[017] This test challenges the ability of the syringe like container to resist to leakage and piston

detachment from the plunger under negative pressure. This test is an attribute test based on the

ISO 7886-1, Annex B of the norm.

A passorfail determination was made based on a visual observation for replacing bubbles and

piston detachment.

Protocol of test is described in EXAMPLE3.

Testcriteria:

Noleak at piston is accepted and no piston detachmentis accepted.

The pressure may not increase during the 60's test under vacuum

Test results:

75 non-sterile units and 75 sterile units were tested.

All units passed successfully the piston detachment test and no increase in pressure during the

60 seconds of vacuum was observedfor anyof the units tested. No piston leak was detected.
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Conclusions:

[018] All tested units passed successfully test “Air leakage past piston during aspiration, and for

separation of piston and plunger as per ISO 7886-1 (annex B of the norm)” and bythatit can be

stated with 95% confidence that there is less than 3.916% defective units.

2. Piston pull-out test

[019] This test challenges the ability of the piston to remain engaged with the plunger when

exposed to a potential pull out force. A pass orfail determination was made.

Protocol of test is described in EXAMPLE 4.

Test criteria:

No piston detachment from the plungeris accepted

Test results:

75 non sterile units and 75 sterile units were tested.

All units passed successfully the test.

Conclusions:

[020] All tested units passed successfully “Piston pull-out test” and by thatit can be stated with

95% confidence that there are less than 3.916% defective units as pertest.

3. Piston removal force

[021] This test challenges the ability of the piston/plunger to remain inserted into the body

syringe when exposed to a potential pull out force. The force needed to remove the

piston/plunger from the body syringe was measured thanks to a tensile machine and the

maximum pull out force has to be higher than 29 N (precision movement sustained male — DEF
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STAN 00-25 — part 3) and it is preferable that the maximum pull force is higher than 59 N

(precision movement momentary male - DEF STAN 00-25 — part 3).

Protocol of test is described in EXAMPLE 5.

Test results:

[022} 50 non-sterile units and 50 sterile units were tested. For both the sterile and the non-

sterile units there were 3 units where the part of the plunger attached to the tensile machine

broke before the plunger was removed. This meansthat the actual force needed to remove the

plunger is above the value registered.

OOforceOO
Non-sterile

units Sterile units

Max: 233.2

    
 

Conclusions:

[023] All tested units successfully passed the test, and it can be stated with 95% confidence

that at least 99% of the units of an equal production, when tested according to test , will result in

a peak force above 75.8 N for the non-sterile samples and above 97.8 N for the sterile samples.

4. Liquid leakage at syringe piston under compression

[024] The test challenges the ability of the syringe piston to resist leakage under axial pressure.

This test is based on the ISO 7886-1.

A passorfail determination was made.

Protocol of test is described in EXAMPLE6.
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Test criteria:

No leak is accepted

Test results:

75 nonsterile units and 75 sterile units were tested.

No leak wasdetected for any of the units tested.

Conclusions:
[025] All test units passed successfully test “Liquid leakage at syringe piston under

compression” and by that it can be stated with 95% confidence that there is less than 3.916%

defective units.

5. Forces required to operate the plunger

[026] The test purpose is to measure the force, which is required to initiate the movement of

the plungerinside of the syringe body. This test is based on the ISO 7886-1:1993 annex G

Test criteria:

[027] In ISO 7886-1:1993 annexGthere is no strict requirement on the force requiredtoinitiate

the movementof the plunger, but a proposed value of < 25 N is given.

itis knownin the art that a piston cannot slide into the syringe body without coating with silicone

oil.

Test results:

Protocol of test is described in EXAMPLE7.

50 sterile units were tested.

Sterile units

Initial force

N

   
 
 
 

 
  Standard Deviation:

»x

Regeneron Exhibit 1002.0815



WO 2006/128564 PCT/EP2006/004494

Conclusions:

[028] The force needed toinitiate the movementof the plunger is below the proposedlimit of

25 N forall units tested and it can be stated with 95% confidence that at least 99% of the units

of an equal production when tested according to the abovetest, will result in an initial force to

move the plunger below 25.9 N. These results are acceptable since there is no difficulty to move

the piston at the forces obtained in this study

6. Check the dimensionsof the pistons as per blueprint provided by Daikyo.

[029] The tests are performed before sterilization and after beta sterilization at a dose of 50

kGy onto the overall dimensions of the TRICOS devices.

This test is important to show that the tetrafluoroethylene polymer resin coated piston from

Daikyo keepsits dimensions after sterilization and therefore the its functionality when mounted

in the TRICOS device as shownin tests 1 to 4

Samples and raw material:

Piston:

Traceability: Production code: 5 ml Piston FR2-2RS from Daikyo
Formulation: D21-6-1

Lot No: 030110

Description: Part made by Daikyo Seiko, LTD and supplied by West Pharmaceutical.
Butyl rubber part coated with Fluororesin.

Sample_preparation:

[030] 25 pistons were tested as received by the West supplier, while 25 other pistons were

packed into an HDPE overpouch and sent to lonisos for beta sterilization at 50 kGy before

dimensional test.

Test description : visual inspection with a calibrated caliper

Performance: All 50 pistons were inspected. The 25 pistonsfor sterilization were inspected both

before and aftersterilization.
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Result: No defective units were observed.

Dimensional check

PCT/EP2006/004494

Performance:25 sterile and 25 non-sterile pistons were measured asperthe attached blueprint.

A letter as indicated on the blueprint identified each dimension.

Result on non-sterile units:

  

  
  

  
 
 
 

A, B, C and D are described on the attached drawing

lunit# ABc
— oO

11.0.
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|10.99)
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n
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Sterile units:

Unit# A.Bi
|1|12.68]12.09]12.4910.87
|2|1267)12.12)12.49]11.04]

12.68,12.12)12.5|10.99

5 =|6 98
12.6

|8 2
|9

   

  
 

 
 

7

12.68]12.14 12.5110.99
10

12.67,12.11]12.4910.98
12.67,12.14[12.49]10.91]

12.1] 12.5] 10.99

10.99

)

10.98)

10.99

P23)|1267,12.12|12.55]11.02)

Average|12.67/12.12|12.51]__10.99
Stdev|0.0155]0.0200]0.0264}__0.0345

  
   

  
  

  

—_ —_

= nN

= Ww

—_ ~

8No

A, B, C and D are described on the attached drawing
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Conclusions:

[031] Ali piston measurements performed were within the limits.

No significant differences betweensterile and non-sterile units were observed.

The piston keepsits characteristics afterirradiation at a dose of 50 kGy.

References:

Design History File : 001-DHF-NIV

EXAMPLE3:

Test set-up: see Figure 2.

Test procedure:
e Take a Bone Substitute device assembly without luer cap.
e Drawinto the syringe a volume of at least 2ml of freshly boiled water, cooled to room

temperature.

e With the screwing top female luer uppermost, withdraw the plunger axially until the

fiducial line is at the nominal capacity graduation line. Clamp the plungerin this position

using an appropriate fixture (RE.REF#189).

* Connect the screwing cap female luer to the 3-way stopcock. Position the 3-way

stopcock such that vacuum will be drawnin all directions.

e Switch on the vacuum pumpandallow the vacuum to stabilize. In the protocol 173-P-

NIV it was asked to stabilize the pressure at 0.88 bar, however with the vacuum pump

used the pressure wasstabilized between 0.88 and 0.93 bar. During the stabilisation

observefor air bubbles that break free from the piston seal. No more than 2 bubblesthat

break free are acceptable. If more than 2 bubbles break free, it is possible that air is

being withdrawn from in-between piston seals. Record the location of leaksif any.

e Position the 3-way stopcock such that the BSD and the pressure monitor are isolated

from the vacuum pump. Turn off the vacuum pump and record the pressure read by the

pressure manometer(initial pressure).

e Start the stopwatch and allow the test sample to remain under vacuum for 60 (+5, -0)

seconds.

e During the hold period observe the piston seals for bubbles that form and break free. No

replacing bubbles are acceptable.
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At the completion of the hold period record the pressure read by the pressure

manometer(final pressure). Examine the syringe to determine if the piston has become

detached from the plunger. No vacuum decay or piston detachmentis acceptable.

Removethe syringe from the 3-way stopcock.

EXAMPLE4:

Test set-up: see Figure 3.

Take a test unit (screwing cap/body syringe/plunger/piston assembly).

Put the piston to completely inserted position.

Check that the piston is fully inserted into body syringe and thatit is firmly threaded into

the plunger.

Place the weight onafirm flat surface.

Fix the weight to the screwing cap thanksto a suitable fixture (RE.REF#188).

Slide the plunger push button into the plungerfixture taking care not to move the piston

inside the body syringe.

Pick up the weight and the test sample by the weight taking care not to movethe piston

inside the body syringe and release the weight and allowit to drop onto the landing area.

The body syringe/screwing cap assembly should remain attached to the weight asitis

pulled off of the piston /plunger assembly.

Observe the piston/plunger assembly.If the piston remains attached to the plungerafter

the body syringe has beenpulled off, the piston has passedthetest.

If the piston detaches from the plunger, the piston has failed thetest.

EXAMPLE5:

Test procedure:
Take a test unit (body syringe/screwing cap/piston/plunger)

Put the piston to completely inserted position.

Checkthat the piston is fully inserted into body syringe and thatit is firmly threadedinto

the plunger.

Fix the screwing cap in the upper jaw of a tensile machine thanks to a suitable fixture

(RE.REF#190).
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e Fix the plunger push button in the lower jaw of a tensile machine thanksto a suitable

fixture (RE.REF#190).

e Zero the recorder and set the tensile machine so that it can apply a tensile force

e Start the tensile machine so that it pulls the plunger/piston assemblytill it is pull off of the

body syringe with a crosshead speed of 500 mm/min.

e Record the peak force when the plunger passes through the body syringe undercut.

e The peak force should be higher than 29 N to pass the test andit is preferable that the

peakforce is higher than 59N.

Test set-up: see Figure 4.

EXAMPLE6:

Test set-up: see Figure 5.

Test procedure:
Take a test unit (body syringe/piston/plunger assembly);

Screw the specific screwing capforte

Draw into the syringe a volume of r exceeding the nominal capacity of the

syringe;

Expel air and adjust the volumeof water in the syringe at normal capacity;

Seal the specific screwing capfor test with the water connection;

Fix the body syringe vertically with a specific fixture;

Apply a sidewaysforce to the syringe to the plunger push button at right angle to the

plunger to swing the plungerradially about the piston seal(s) with a force of about 3

N. During testing the set-up shown above with a weight of 300 g was not used, but

the sideways force was applied by the hand of the person performingthetest;

Orientate the plunger to permit the maximum deflection from the axial position;

Increase the water pressuretill 300 kPa;
Record the pressure measured by the pressure monitor;

Maintain the pressure for 30 (+5, -0) seconds;

Turn off the water pressure and removethetestunit;

Examine the syringe for liquid leakage beyond the piston seals to the outside. If no

liquid is found, the unit is acceptable.

Regeneron Exhibit 1002.0821



WO 2006/128564 PCT/EP2006/004494

14

EXAMPLE7:

Test procedure:

e For each device, set the piston at graduation 3.4 before sterilization (only sterile units

are tested).

e Take a Bone Substitute Device and remove the screwing cap and the luer cap.

e Do not move the syringe plunger. Leaveit at its initial setting.

e Mount the test unit in the tensile machine as shownin the photo above.

-e Start the testing machine so that it pushes the plunger at a rate of 100 mm/min, until the

piston is about 1mm out of the syringe body.
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CLAIMS

A device comprising a combination of a polypropylene body with a resilient piston selected

from a piston coated with a laminated layer of polytetrafluoroethylene resin film and a

piston coated with a laminated layertetrafluoroethylene-ethylene resin film.

The device according to claim 1 in which the body is a syringe body.

The device according to claim 1 which is a TRICOS-Fluoro-Device according to

Example 1.
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METHOD FOR TREATING INTRAOCULAR NEOVASCULAR

DISEASES

FIELD OF THE INVENTION

This invention relates to methodsfor treating an intraocular neovascular disorder with a VEGF

- antagonist. Methods for administering to a mammalsuffering from,or at risk for, an

intraocular neovascular disorder include monthly dosing of a therapeutically effective amount

of VEGFantagonist, followed byless frequent dosing of a therapeutically effective amount of

VEGFantagonist.

BACKGROUND OF THE INVENTION

Angiogenesis is implicated in the pathogenesis of intraocular neovascular diseases,e.g.,

proliferative retinopathies, age-related macular degeneration (AMD),etc., as well as a variety

of other disorders. These include solid tumors, rheumatoid arthritis, and psoriasis (Folkman et

al. J. Biol. Chem. 267:10931-10934 (1992); Klagsbrunet al. Annu. Rev. Physiol. 53:217-239

(1991); and Gamer A, Vascular diseases. In: Pathobiology of ocular disease. A dynamic

approach. Garner A, Klintworth GK, Eds. 2nd Edition Marcel Dekker, NY, pp 1625-1710

(1994)).

The search for positive regulators of angiogenesis has yielded many candidates, including

aFGF, bFGF, TGF-a, TGF-B HGF, TNF-a, angiogenin, IL-8, etc. (Folkmanet al. and

Klagsbrunet al). The negative regulators so far identified include thrombospondin (Goodet

al. Proc. Natl.

Acad. Sct. USA. 87:6624-6628 (1990)), the 16-kilodalton N-terminal fragment of prolactin

(Clapp et al. Endocrinology, 133:1292-1299 ( 1993), angiostatin (O’ Reilly et al. Cell, 79:315-
328 (1994)) and endostatin (O’ Reilly et al. Cell, 88:277-285 (1996)).

Work doneoverthe last several years has established the key role of vascular endothelial

growth factor (VEGF)in the regulation of normal and abnormal angiogenesis (Ferrara etal.

Endocr. Rev. 18:4-25 (1997)). The finding that the loss of even a single VEGFallele results in

embryonic lethality points to an irreplaceable role played by this factor in the development and

differentiation of the vascular system (Ferrara et al.).
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Human VEGFexists as at least six isoforms (VEGF)21, VEGFi4s, VEGFi¢s, VEGFis3,

VEGFig9, and VEGF»206) that arise from alternative splicing of MRNAofa single gene (Ferrara

N, Davis Smyth T. Endocr Rev 18:1-22 (1997)). VEGFi6s, the most abundantisoform,is a

basic, heparin binding, dimeric glycoprotein with a molecular mass of ~45,000 daltons (/d).

Two VEGFreceptortyrosine kinases, VEGFR1and VEGFR2, have beenidentified (Shibuya

et al. Oncogene 5:519—24 (1990); Matthewset al., Proc Natl Acad Sci U S A 88:9026—30

(1991); Termanet al., Oncogene 6:1677—83 (1991); Terman et al. Biochem Biophys Res
Commun 187:1579—86 (1992); de Vries et al., Science 255:989-91 (1992); Millaueret al. Cell

72:835—46 (1993); and, Quinnet al. Proc Natl Acad Sci USA 90:7533-—7 (1993)). VEGFR1

has the highest affinity for VEGF, with a Kd of ~10—20 pM (de Vries et al., Science 255:989—

91 (1992)), and VEGFR2 has a somewhat loweraffinity for VEGF, with a Kd of ~75-125 pM

(Termanet al., Oncogene 6:1677—-83 (1991); Millauer et al. Cedl 72:835—-46 (1993); and,

Quinnet al. Proc Natl Acad Sci USA 90:7533-7 (1993)).

VEGFhasseveral biologic functions, including regulation of VEGF gene expression under

hypoxic conditions (Ferrara N, Davis Smyth T. Endocr Rev 18:1—22 (1997)), mitogenic

activity for micro and macrovascular endothelial cells (Ferrara N, Henzel WJ. Biochem

Biophys Res Commun 161:851-8 (1989); Leunget al., Science 246:1306—9 (1989); Connolly

et al. J Clin Invest 84:1470—8 (1989a); Keck et al. Science 246:1309-12 (1989); Plouet et al.,

EMBOJ 8:3801-6 (1989); Connet al. Proc Natl Acad Sci USA 87:2628-32 (1990); and,

Pepperetal., Exp Cell Res 210:298-305 (1994)), and induction of expression of plasminogen

activators and collagenase (Pepperet al., Biochem Biophys Res Commun 181:902—6 (1991)).

Furthermore, VEGFhas been shownto be a key mediator of neovascularization associated

with tumorsandintraocular disorders (Ferrara et al.). The VEGF mRNAis overexpressed by

the majority of human tumors examined. Berkmanetal. J Clin Invest 91:153-159 (1993);

Brownet al. Human Pathol 26:86-91 (1995); Brownet al. Cancer Res 53:4727-4735 (1993);

Mattern et al. Brit J Cancer. 73:931-934 (1996); and Dvorak et al. Am J Pathol 146:1029-

1039 (1995). Also, the concentration of VEGFin eye fluids are highly correlated to the

presence of active proliferation of blood vessels in patients with diabetic and other ischemia-

related retinopathies. Aiello et al., N. Engl. J. Med. 331:1480-1487 (1994). Furthermore,

recent studies have demonstrated the localization of VEGFin choroidal neovascular

membranesin patients affected by AMD. Lopezet al., Invest. Ophtalmo. Vis. Sci. 37:855-868

(1996); Kvantaet al., Invest Ophthalmol Vis Sci 37:1929-34 (1996).
2
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Agerelated macular degeneration (AMD)is a leading cause of severe, irreversible vision loss
amongthe elderly. Bressler, JAMA 291:1900-1 (2004). It is characterized by a broad

spectrum ofclinical and pathologic findings, such as pale yellow spots knownas drusen,

disruption of the retinal pigment epithelium (RPE), choroidal neovascularization (CNV), and

disciform macular degeneration. The manifestations of the disease are classified into two

forms: non exudative (dry) and exudative (wet or neovascular). Drusen are the characteristic
lesions of the dry form, and neovascularization characterizes the wet form. Disciform AMDis

the fibrotic stage of the neovascular lesion.

There is a dramatic increase in the prevalence of AMD with advancing age. See, e.g.,

Leibowitz et al., Surv Ophthalmol 24(Suppl):335—610 (1980) and Klein et al., Ophthalmology

99:933—-43 (1992). Although the wet form of AMD is much less common,it is responsible for

80%-90% of the severe visual loss associated with AMD (Ferris et al., Arch Ophthamol

102:1640-2 (1984)). There is an estimated 1—-1.2 million prevalent cases of wet AMD. The

cause of AMDis unknown; however,it is clear that the risk of developing AMDincreases

with advancing age. Other knownrisk factors include family history and cigarette smoking.

Postulated risk factors also include oxidative stress, diabetes, alcohol intake, and sunlight

exposure. D’Amico, N Engl J Med 331:95—106 (1994) and Christen et al., JAMA 276:1147-51

(1996).

Dry AMDis characterized by changes in the RPE and Bruch’s membrane.It is thought that

the RPE, compromised by age and other risk factors, deposits lipofuscin and cellular debris on

Bruch’s membrane. These changes may be seen ophthalmoscopically as drusen, which are

scattered throughout the macula and posterior retinal pole. There are also variable degrees of

atrophy and pigmentation of the RPE. Dry AMD maybe asymptomatic or accompanied by

variable and usually minimal visual loss and is considered to be a prelude to developmentof

wet AMD.

Wet AMDistypically characterized by CNV of the macular region. The choroidal capillaries

proliferate and penetrate Bruch’s membraneto reach the RPE and mayextendinto the

subretinal space. The increased permeability of the newly formed capillaries leads to

accumulation of serous fluid or blood under the RPE and/or the neurosensory retina or within

the neurosensory retina. When the fovea becomes swollen or detached, decreases in vision
3
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occur. Fibrous metaplasia and organization may ensue,resulting in an elevated subretinal

masscalled a disciform scar that constitutes end-stage AMDandis associated with permanent

vision loss (D’ Amico DJ. N Engl J Med 331:95-106 (1994)).

The neovascularization in AMDcan beclassified into different patterns based on fluorescein

angiographyof subfoveal chorodial neovascular lesions. TAP and VIP Study Groups, Arch

Ophthalmol 121:1253-68 (2003). The major angiographic patterns are termed classic and
occult and are associated with different degrees of aggressiveness, vision losses, and response

to different treatment options.

The diffusible nature of VEGFandits specificity of action for endothelial cells support a key

role in the process of abnormal blood vessel growth and vascular leakage. Increased

expression of VEGFin retinal photoreceptors or RPE of transgenic mice stimulates

neovascularization within the retina, and VEGFantagonists partially inhibit retinal

neovascularization in animal models (Okamotoet al. Am J Pathol 151:281-91 (1997);

Schwesingeret al., AM J Pathol. Mar;158(3):1161-72 (2001)). Anti-VEGFneutralizing

antibodies inhibit intraocular angiogenesis in models of ischemic retinal disorders (Adamis et

al. Arch. Ophthalmol. 114:66-71 (1996)), and also suppress the growth of a variety of human

tumorcell lines in nude mice (Kim et al. Nature 362:841-844 (1993); Warren et al. J. Clin.

Invest. 95:1789-1797 (1995); Borgstrém et al. Cancer Res. 56:4032-4039 (1996); and Melnyk

et al. Cancer Res. 56:921-924 (1996)). Therefore, anti-VEGF monoclonal antibodies or other

VEGFantagonists are promising candidates for use in treatments of intraocular neovascular

disorders, and new methods of administering therapeutic compounds, which increases the
effectiveness of the therapeutic compound,are needed.

SUMMARYOF THE INVENTION

One object of the present invention is to provide an improved method of administering a

therapeutic compound. This and other objects will become apparent from the following

description.

Methodsfor treating intraocular neovascular disease are provided. For example, methods

include administering to a mammal a numberoffirst individual doses of a VEGF antagonist,

followed by administering to the mammal a numberof second individual doses of the
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antagonist, wherein the second individual doses are administered less frequently than thefirst

individual doses.

In one embodimentof the invention, a method for treating wet form age-related macular

degeneration is provided, which comprises administering to a mammal a numberoffirst

individual doses of an VEGFantagonist, followed by administering to the mammal a number

of second individual doses of the antagonist, wherein the second individual doses are

administered less frequently than the first individual doses.

In one embodiment, the mammalis in need of treatment. Typically, the mammalis a human.

In one embodiment, the administration of the VEGFantagonist is ocular. In one aspect, the

administration is intraocular. In another aspect, the administration is intravitreal.

A VEGFantagonist is administered in the methodsof the invention. In one aspect, the VEGF

antagonist is an anti-VEGFantibody,e.g., a full length anti-VEGF antibody or an antibody

fragment. In one embodiment, the anti-VEGFantibody is a Fab antibody fragment. In one

embodiment, the antibody fragment is Y0317.

In one embodimentof the invention, the first individual doses are administered at one month

intervals (e.g., about 3 individual doses). Typically, there is more than onefirst individual

dose. In another embodiment, the second individual doses are administered at three month

intervals (e.g., about 6 individual doses). In one aspect of the invention, the second individual

doses are administered beginning three monthsafter the number of first individual doses. In

one embodiment, a numberof second individual doses are administered to the mammal during

a period of at least 22 months following the numberoffirst individual doses.

In one embodimentof the invention, the numberof first individual doses and the number of

second individual doses are administered over a time period of about 2 years. In one aspect,

the first individual dose is administered at month 0, 1 and 2. In another aspect, the second

individual dose is administered at month 5, 8, 11, 14, 17, 20 and 23. For example,thefirst

individual dose is administered at month 0, 1, and 2 and the second individual dose is

administered at month 5, 8, 11, 14, 17, 20 and 23. In one embodiment, the VEGFantagonistis

administered over less than 2 years, or optionally, administered over greater than 2 years.
5
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Other aspects of the invention will become apparent from the following description of the

embodiments whichare not intendedto be limiting of the invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 schematically illustrates the study in Example 1.

Figure 2 schematically illustrates a dosing regimenfortreating, e.g., age-related macular

degeneration (AMD) with a VEGFantagonist.

DETAILED DESCRIPTION

Definitions

Before describing the present invention in detail, it is to be understood that this invention is

not limited to particular compositions or biological systems, which can, of course, vary.It is

also to be understoodthat the terminology used herein is for the purpose of describing

particular embodiments only, and is not intended to be limiting. As used in this specification

and the appendedclaims,the singular forms "a", "an" and "the" include plural referents unless

the content clearly dictates otherwise. Thus, for example, reference to "a molecule" optionally

includes a combination of two or more such molecules, and the like.

The term "human VEGF"as used herein refers to the 165-amino acid human vascular

endothelial cell growth factor, and related 121-, 189-, and 206-, (and other isoforms) amino

acid vascular endothelial cell growth factors, as described by Leunget al., Science 246:1306

(1989), and Houck et al., Mol. Endocrin. 5:1806 (1991) together with the naturally occurring

allelic and processed forms of those growth factors.

A “VEGFantagonist” refers to a molecule capable of neutralizing, blocking, inhibiting,

abrogating, reducingor interfering with VEGFactivities including its binding to one or more

VEGFreceptors. VEGFantagonists include anti-VEGFantibodies and antigen-binding

fragments thereof, receptor molecules and derivatives which bind specifically to VEGF

thereby sequestering its binding to one or more receptors, anti-VEGF receptor antibodies and

VEGFreceptor antagonists such as small molecule inhibitors of the VEGFRtyrosine kinases,

and fusions proteins, e.g., VEGF-Trap (Regeneron), VEGFj2\-gelonin (Peregrine). VEGF

antagonists also include antagonist variants of VEGF,antisense molecules directed to VEGF,
6
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RNAaptamersspecific to VEGF, and ribozymes against VEGF or VEGFreceptors.

Antagonists of VEGFactby interfering with the binding of VEGFto a cellular receptor, by

incapacitating or killing cells which have been activated by VEGF,or by interfering with

vascular endothelial cell activation after VEGF binding to a cellular receptor. All such points

of intervention by a VEGFantagonist shall be considered equivalent for purposesofthis

invention. Preferred VEGFantagonists are anti-VEGF antagonistic antibodies capable of

inhibiting one or moreof the biological activities of VEGF, for example,its mitogenic,

angiogenic or vascular permeability activity. Anti-WEGF antagonistic antibodies include, but

not limited to, antibodies A4.6.1, rhuMab VEGF(bevacizumab), Y0317 (ranibizumab), G6,

B20, 2C3, and others as described in, for example, WO98/45331, US2003/0190317, U.S.

Patents 6,582,959 and 6,703,020; WO98/45332; WO 96/30046; WO94/10202;

W02005/044853; EP 0666868B1; and Popkovet al., Journal ofImmunological Methods

288:149-164 (2004). More preferably, the anti-VEGF antagonistic antibody of the invention

is ranibizumab, which is a humanized,affinity matured anti-human VEGFantibody Fab

fragment having the light and heavy chain variable domain sequences of Y0317 as described

in WO98/45331 and Chenet al J Mol Biol 293:865-881 (1999).

The antibody is appropriately from any source, including chicken and mammalian such as

rodent, goat, primate, and human. Typically, the antibody is from the same species as the

species to be treated, and more preferably the antibody is human or humanizedand the hostis

human. While the antibody can be a polyclonal or monoclonal antibody,typically it is a

monoclonal antibody, which can be prepared by conventional technology. The antibodyis an

IgG-1, -2, -3, or -4, IgE, IgA, IgM, IgD, or an intraclass chimera in which Fv or a CDR from

one class is substituted into another class. The antibody may have an Fc domain capable of an

effector function or maynot be capable of binding complementor participating in ADCC.

The term "VEGFreceptor” or "VEGFr"as used herein refers to a cellular receptor for VEGF,

ordinarily a cell-surface receptor found on vascular endothelial cells, as well as variants

thereof which retain the ability to bind hVEGF. One example of a VEGF receptor is the fms-

like tyrosine kinase (/7f), a transmembranereceptor in the tyrosine kinase family. DeVries et

al., Science 255:989 (1992); Shibuyaet al., Oncogene 5:519 (1990). Thefit receptor

comprises an extracellular domain, a transmembrane domain, and anintracellular domain with

tyrosine kinase activity. The extracellular domain is involved in the binding of VEGF,

whereasthe intracellular domain is involved in signal transduction. Another example of a
7
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VEGFreceptoris theflk-/ receptor (also referred to as KDR). Matthewsetal., Proc. Nat.

Acad. Sci. 88:9026 (1991); Terman et al., Oncogene 6:1677 (1991); Termanet al., Biochem.

Biophys. Res. Commun. 187:1579 (1992). Binding of VEGFto thefit receptor results in the

formation of at least two high molecular weight complexes, having apparent molecular weight

of 205,000 and 300,000 Daltons. The 300,000 Dalton complex is believed to be a dimer

comprising two receptor molecules boundto a single molecule of VEGF.

The term "epitope A4.6.1" when usedherein, unless indicated otherwise, refers to the region

of human VEGFto which the A4.6.1 antibody disclosed in Kim et al., Growth Factors 7:53

(1992) and Kim et al. Nature 362:841 (1993), binds.

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures.

Those in need of treatment include those already with the disorder as well as those in which

the disorderis to be prevented.

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including

humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses,cats,

cows, etc. Typically, the mammal is human.

The term "antibody" is used in the broadest sense and includes monoclonal antibodies

(including full length or intact monoclonal antibodies), polyclonal antibodies, multivalent

antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments (see

below) so long as they exhibit the desired biological activity.

Unless indicated otherwise, the expression “multivalent antibody”is used throughoutthis

specification to denote an antibody comprising three or more antigen binding sites. The

multivalent antibody is typically engineered to have the three or more antigen bindingsites

and is generally not a native sequence IgM orIgA antibody.

"Native antibodies" and "native immunoglobulins" are usually heterotetrameric glycoproteins

of about 150,000 daltons, composed of twoidentical light (L) chains and two identical heavy

(H) chains. Eachlight chain is linked to a heavy chain by one covalent disulfide bond, while

the numberof disulfide linkages varies among the heavy chains of different immunoglobulin

isotypes. Each heavyandlight chain also has regularly spaced intrachain disulfide bridges.
8
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Each heavychain hasat one end a variable domain (Vy ) followed by a numberof constant

domains. Each light chain has a variable domain at one end (VL) and a constant domainatits

other end; the constant domainof the light chain is aligned with the first constant domain of

the heavy chain, and the light- chain variable domainis aligned with the variable domain of

the heavy chain. Particular amino acid residues are believed to form an interface between the

light- and heavy-chain variable domains.

The term "variable" refers to the fact that certain portions of the variable domains differ

extensively in sequence among antibodies and are used in the binding andspecificity of each

particular antibody for its particular antigen. However, the variability is not evenly distributed

throughoutthe variable domainsof antibodies. It is concentrated in three segments called

hypervariable regions both in the light chain and the heavy chain variable domains. The more

highly conservedportions of variable domainsare called the framework region (FR). The

variable domains of native heavy and light chains each comprise four FRs (FRI, FR2, FR3

and FR4, respectively), largely adopting a B-sheet configuration, connected by three

hypervariable regions, which form loops connecting, and in some cases formingpart of, the B-

sheet structure. The hypervariable regions in each chain are held together in close proximity

by the FRsand, with the hypervariable regions from the other chain, contribute to the

formation of the antigen-binding site of antibodies (see Kabat et al., Sequences ofProteins of

Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda,

MD. (1991), pages 647-669). The constant domainsare not involved directly in binding an

antibody to an antigen, but exhibit various effector functions, such as participation of the

antibody in antibody-dependentcellular toxicity (ADCC).

The term “hypervariable region” when used herein refers to the aminoacid residues of an

antibody which are responsible for antigen-binding. The hypervariable region comprises

amino acid residues from a “complementarity determining region” or “CDR”(i.e. residues 24-

34 (L1), 50-56 (L2) and 89-97 (L3)in the light chain variable domain and 31-35 (H1), 50-65

(H2) and 95-102 (H3) in the heavy chain variable domain; Kabatet al., Sequences of Proteins

ofImmunological Interest, 5th Ed. Public Health Service, National Institutes of Health,

Bethesda, MD. (1991)) and/or those residues from a “hypervariable loop”(i.e. residues 26-32

(L1), 50-52 (L2) and 91-96 (L3)in the light chain variable domain and 26-32 (H1), 53-55

(H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and Lesk J. Mol. Biol.

9
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196:901-917 (1987)). "Framework" or "FR" residues are those variable domain residues other

than the hypervariable region residues as herein defined.

Papain digestion of antibodies produces twoidentical antigen-binding fragments, called "Fab"

fragments, each with a single antigen-binding site, and a residual "Fc" fragment, whose name

reflects its ability to crystallize readily. Pepsin treatment yields an F(ab’)fragment that has

two antigen-combining sites andis still capable of cross-linking antigen.

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -

binding site. This region consists of a dimer of one heavy chain and onelight chain variable

domainin tight, non-covalent association. It is in this configuration that the three

hypervariable regions of each variable domain interact to define an antigen-bindingsite on the

surface of the Vyj-V]_ dimer. Collectively, the six hypervariable regions confer antigen-

binding specificity to the antibody. However, even a single variable domain (or half of an Fv

comprising only three hypervariable regions specific for an antigen) has the ability to

recognize and bindantigen, although at a loweraffinity than the entire bindingsite.

The Fab fragment also contains the constant domain of the light chain and thefirst constant

domain (CH1)of the heavy chain. Fab’ fragments differ from Fab fragments by the addition

of a few residuesat the carboxyl terminus of the heavy chain CH1 domainincluding one or

more cysteine(s) from the antibody hinge region. Fab'-SH is the designation herein for Fab' in

whichthe cysteine residue(s) of the constant domainsbear a free thio] group. F(ab')2 antibody

fragments originally were producedas pairs of Fab' fragments which have hinge cysteines

between them. Other chemical couplings of antibody fragments are also known.

The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be

assigned to one of two clearly distinct types, called kappa («) and lambda (A), based on the

amino acid sequencesof their constant domains.

Depending on the amino acid sequence of the constant domain oftheir heavy chains,

immunoglobulins can be assignedto different classes. There are five major classes of

immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several of these may be further divided

into subclasses (isotypes), e.g., IgG1, IgG2, IgG3, IgG4, IgA, and IgA2. The heavy-chain

10
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constant domainsthat correspondto the different classes of immunoglobulinsare called o, 6,

€, y, and uw, respectively. The subunit structures and three-dimensional configurations of

different classes of immunoglobulins are well known.

“Antibody fragments” comprise only a portion of an intact antibody, generally including an

antigen bindingsite of the intact antibody and thus retaining the ability to bind antigen.

Examplesof antibody fragments encompassedby the present definition include: (4) the Fab

fragment, having VL, CL, VH and CH1 domains;(ii) the Fab’ fragment, which is a Fab

fragment having one or more cysteine residues at the C-terminus of the CHI domain;(ili) the

Fd fragment having VH and CH1 domains; (iv) the Fd’ fragment having VH and CH1

domains and one or more cysteine residues at the C-terminus of the CH1 domain; (v) the Fv
fragment having the VL and VH domainsofa single arm of an antibody;(vi) the dAb

fragment (Wardet al., Nature 341, 544-546 (1989)) which consists of a VH domain;(vii)

isolated CDR regions; (viii) F(ab')2 fragments, a bivalent fragment including two Fab’

fragmentslinked bya disulphide bridge at the hinge region; (ix) single chain antibody

molecules (e.g. single chain Fv; scFv) (Bird et al., Science 242:423-426 (1988); and Hustonet

al., PNAS (USA) 85:5879-5883 (1988)); (x) “diabodies” with two antigen bindingsites,

comprising a heavy chain variable domain (VH) connected to a light chain variable domain

(VL)in the same polypeptide chain (see, e.g., EP 404,097; WO 93/11161; and Hollingeret al.,

Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); (xi) “linear antibodies” comprising a pair

of tandem Fd segments (VH-CH1-VH-CH1) which, together with complementary light chain

polypeptides, form a pair of antigen binding regions (Zapata et al. Protein Eng. 8(10):1057

1062 (1995); and US Patent No. 5,641,870).

The term "monoclonal antibody" as used herein refers to an antibody obtained from a

population of substantially homogeneousantibodies,i.e., the individual antibodies comprising

the population are identical except for possible naturally occurring mutations that may be

present in minor amounts. Monoclonal antibodies are highly specific, being directed against a

single antigenic site. Furthermore, in contrast to conventional (polyclonal) antibody

preparations which typically include different antibodies directed against different

determinants (epitopes), each monoclonal antibody is directed against a single determinant on

the antigen. The modifier "monoclonal" indicates the character of the antibody as being
obtained from a substantially homogeneous population of antibodies, and is not to be

construed as requiring production of the antibody by any particular method. For example, the
11
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monoclonalantibodies to be used in accordance with the present invention may be made by

the hybridoma methodfirst described by Kohler et al., Nature 256:495 (1975), or may be

made by recombinant DNA methods(see,e.g., U.S. Patent No. 4,816,567). The "monoclonal

antibodies" may also be isolated from phage antibody libraries using the techniques described

in Clackson et al., Nature 352:624-628 (1991) and Markset al., J. Mol. Biol. 222:581-597

(1991), for example.

The monoclonal antibodies herein specifically include "chimeric" antibodies

(immunoglobulins) in which a portion of the heavy and/orlight chain is identical with or

homologous to corresponding sequencesin antibodies derived from a particular species or

belonging to a particular antibody class or subclass, while the remainder of the chain(s) is

identical with or homologous to corresponding sequences in antibodies derived from another
species or belonging to another antibodyclass or subclass, as well as fragments of such

antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567;

and Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

"Humanized" forms of non-human(e.g., murine) antibodies are chimeric antibodies which

contain minimal sequence derived from non-human immunoglobulin. For the mostpart,

humanized antibodies are human immunoglobulins (recipient antibody) in which

hypervariable region residues of the recipient are replaced by hypervariable region residues |
from a non-humanspecies (donor antibody) such as mouse,rat, rabbit or nonhuman primate

havingthe desired specificity, affinity, and capacity. In some instances, framework region

(FR) residues of the human immunoglobulin are replaced by corresponding non-human

residues. Furthermore, humanized antibodies may comprise residues whichare not found in

the recipient antibodyor in the donor antibody. These modifications are made to further refine

antibody performance. In general, the humanized antibody will comprise substantially all of at

least one, and typically two, variable domains, in whichall or substantially all of the

hypervariable regions correspond to those of a non-human immunoglobulin and all or

substantially all of the FRs are those of a human immunoglobulin sequence. The humanized

antibody optionally also will comprise at least a portion of an immunoglobulin constant region

(Fc), typically that of ahuman immunoglobulin. For further details, see Jones et al., Nature

321:522-525 (1986); Reichmannet al., Nature 332:323-329 (1988); and Presta, Curr. Op.

Struct. Biol. 2:593-596 (1992).
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A “human antibody” is one which possesses an amino acid sequence which correspondsto

that of an antibody produced by a human and/or has been madeusing anyof the techniques for

making humanantibodies as disclosed herein. This definition of a human antibody

specifically excludes a humanized antibody comprising non-human antigen-binding residues.

Humanantibodies can be produced using various techniques knownin the art. In one

embodiment, the human antibody is selected from a phage library, where that phage library

expresses human antibodies (Vaughanet al. Nature Biotechnology 14:309-314 (1996): Sheets

et al. PNAS (USA) 95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol. Biol., 227:381

(1991); Markset al., J. Mol. Biol., 222:581 (1991)). Human antibodies can also be made by

introducing human immunoglobulin loci into transgenic animals, e.g., mice in which the

endogenous immunoglobulin genes have been partially or completely inactivated. Upon

challenge, human antibody production is observed, which closely resemblesthat seen in

humansin all respects, including gene rearrangement, assembly, and antibody repertoire. This

approachis described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825;

5,625,126; 5,633,425; 5,661,016, and in the following scientific publications: Marksetal.,

Bio/Technology 10: 779-783 (1992); Lonberget al., Nature 368: 856-859 (1994); Morrison,

Nature 368:812-13 (1994); Fishwild et al., Nature Biotechnology 14: 845-51 (1996);

Neuberger, Nature Biotechnology 14: 826 (1996); Lonberg and Huszar, Jntern. Rev. Immunol.

13:65-93 (1995). Alternatively, the human antibody may be prepared via immortalization of

human B lymphocytes producing an antibody directed against a target antigen (such B

lymphocytes may be recovered from an individual or may have been immunizedin vitro).

See, e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985);

Boerneret al., J. Immunol., 147 (1):86-95 (1991); and US Pat No. 5,750,373.

The term “Fe region”is used to define the C-terminal region of an immunoglobulin heavy

chain which may be generated by papain digestion of an intact antibody. The Fc region may

be a native sequence Fc regionor a variant Fe region. Although the boundaries of the Fc

region of an immunoglobulin heavy chain might vary, the human IgG heavy chain Fc region is

usually defined to stretch from an aminoacid residue at about position Cys226, or from about

position Pro230, to the carboxyl-terminusof the Fc region. The Fe region of an

immunoglobulin generally comprises two constant domains, a CH2 domain and a CH3

domain, and optionally comprises a CH4 domain.

By“Fc region chain” herein is meant one of the two polypeptide chains of an Fc region.
13
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The “CH2 domain”of a human IgG Fc region (also referred to as “Cg2" domain) usually

extends from an aminoacid residue at about position 231 to an amino acid residue at about

position 340. The CH2 domain is uniquein thatit is not closely paired with another domain.

Rather, two N-linked branched carbohydrate chainsare interposed between the two CH2

domainsofan intact native IgG molecule. It has been speculated that the carbohydrate may

provide a substitute for the domain-domain pairing and help stabilize the CH2 domain.

Burton, Molec. Immunol.22:161-206 (1985). The CH2 domain herein may be a native

sequence CH2 domainor variant CH2 domain.

The “CH3 domain” comprises the stretch of residues C-terminal to a CH2 domain in an Fc

region (i.e. from an aminoacid residue at about position 341 to an aminoacid residue at about

position 447 of an IgG). The CH3 region herein may be a native sequence CH3 domainor a

variant CH3 domain (e.g. a CH3 domain with an introduced “protroberance” in one chain

thereof and a correspondingintroduced “cavity” in the other chain thereof; see US Patent No.

5,821,333, expressly incorporated herein by reference). Such variant CH3 domains may be

used to make multispecific (e.g. bispecific) antibodies as herein described.

“Hinge region” is generally defined as stretching from about Glu216, or about Cys226, to
about Pro230 of human IgG1 (Burton, Molec. Immunol.22:161-206 (1985)). Hinge regions of

other IgG isotypes may bealigned with the IgG1 sequencebyplacing the first and last

cysteine residues forming inter-heavy chain S-S bondsin the same positions. The hinge

region herein may be a native sequence hinge region or a variant hinge region. The two

polypeptide chains of a variant hinge region generally retain at least one cysteine residue per

polypeptide chain, so that the two polypeptide chains of the variant hinge region can forma

disulfide bond between the two chains. The preferred hinge region herein is a native sequence

humanhingeregion, e.g. a native sequence human IgG] hinge region.

A “functional Fe region” possessesat least one “effector function” of a native sequence Fc

region. Exemplary “effector functions” include Clq binding; complement dependent

cytotoxicity (CDC); Fc receptor binding; antibody-dependentcell-mediated cytotoxicity

(ADCC); phagocytosis; down regulation of cell surface receptors (e.g. B cell receptor; BCR),

etc. Such effector functions generally require the Fc region to be combined with a binding

14
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domain (e.g. an antibody variable domain) and can be assessed using various assays knownin

the art for evaluating such antibody effector functions.

A “native sequence Fe region” comprises an amino acid sequence identical to the amino acid

sequence of an Fc region found in nature.

A “variant Fe region” comprises an amino acid sequence whichdiffers from that of a native

sequenceFc region by virtue of at least one amino acid modification. Preferably, the variant

Fc region has at least one amino acid substitution compared to a native sequence Fe region or

to the Fc region of a parent polypeptide, e.g. from about one to about ten aminoacid

substitutions, and preferably from about one to about five amino acid substitutions in a native

sequence Fc region or in the Fc region of the parent polypeptide. The variant Fc region herein

will typically possess, e.g., at least about 80% sequence identity with a native sequence Fc

_ region and/or with an Fc region of a parent polypeptide, or at least about 90% sequence

identity therewith, or at least about 95% sequence or more identity therewith.

“Antibody-dependent cell-mediated cytotoxicity” and “ADCC”refer to a cell-mediated

reaction in which nonspecific cytotoxic cells that express Fc receptors (FcRs) (e.g. Natural

Killer (NK)cells, neutrophils, and macrophages) recognize bound antibody on a targetcell

and subsequently cause lysis of the target cell. The primary cells for mediating ADCC, NK

cells, express FeyRUI only, whereas monocytes express FcyRI, FeyRII and FeyRIIL. FcR

expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and

Kinet, Annu. Rev. Immunol 9:457-92 (1991). To assess ADCCactivity of a molecule of

interest, an in vitro ADCCassay, such as that described in US Patent No. 5,500,362 or

5,821,337 may be performed. Useful effector cells for such assays include peripheral blood

mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or additionally,

ADCCactivity of the molecule of interest may be assessed in vivo, e.g., in a animal model

such as that disclosed in Clyneset al. PNAS (USA) 95:652-656 (1998).

“Humaneffector cells” are leukocytes which express one or more FcRsand perform effector

functions. Typically, the cells express at least FcyRUI and perform ADCCeffector function.

Examples of human leukocytes which mediate ADCC include peripheral blood mononuclear

cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and neutrophils; with

15
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PBMCsand NKcells being generally preferred. The effector cells may be isolated from a

native source thereof, e.g. from blood or PBMCsas describedherein.

The terms "Fc receptor" and “FcR”are used to describe a receptorthat bindsto the Fc region

of an antibody. The preferred FcR is a native sequence human FcR. Moreover, a preferred

FcR is one which binds an IgG antibody (a gammareceptor) and includes receptors of the
FeyRI, FeyRII, and FcyRIUI subclasses, including allelic variants and alternatively spliced

forms of these receptors. FcyRII receptors include FcyRITA (an “activating receptor") and

FcyRIIB (an "inhibiting receptor"), which have similar amino acid sequencesthat differ

primarily in the cytoplasmic domains thereof. Activating receptor FcyRILA contains an

immunoreceptor tyrosine-based activation motif ITAM)in its cytoplasmic domain. Inhibiting

receptor FcyRUB contains an immunoreceptortyrosine-based inhibition motif (ITIM)in its

cytoplasmic domain (reviewed in Daéron, Annu. Rev. Immunol. 15:203-234 (1997)). FcRs are

reviewed in Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et al.,

Immunomethods 4:25-34 (1994); and de Haasetal., J. Lab. Clin. Med. 126:330-41 (1995).

Other FcRs,including those to be identified in the future, are encompassed by the term "FcR"

herein. The term also includes the neonatal receptor, FeRn, which is responsible for the

transfer of maternal IgGs to the fetus (Guyeret al., J. Immunol. 117:587 (1976); and Kim et

al., J. Immunol. 24:249 (1994)).

“Complement dependent cytotoxicity” and “CDC”refer to the lysing of a target in the

presence of complement. The complementactivation pathwayis initiated by the binding of

the first component of the complement system (C1q) to a molecule (e.g. an antibody)

complexed with a cognate antigen. To assess complementactivation, a CDC assay,e.g. as

described in Gazzano-Santoroetal., J. Immunol. Methods 202:163 (1996), may be performed.

An “affinity matured’ antibody is one with one or more alterations in one or more CDRs

thereof which result an improvementin the affinity of the antibody for antigen, compared to a

parent antibody which does not possess those alteration(s). Preferred affinity matured

antibodies will have nanomolar or even picomolaraffinities for the target antigen. Affinity

matured antibodies are produced by procedures knownin the art. Markset al.

Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain

shuffling. Random mutagenesis of CDR and/or frameworkresidues is described by: Barbaset
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al. Proc Nat. Acad. Sci, USA 91:3809-3813 (1994); Schier et al. Gene 169:147-155 (1995);

Yelton et al. J. Immunol. 155:1994-2004 (1995); Jacksonetal., J. Immunol. 154(7):3310-9

(1995); and Hawkinsetal, J. Mol. Biol. 226:889-896 (1992).

A “flexible linker’ herein refers to a peptide comprising two or more aminoacid residues

joined by peptide bond(s), and provides more rotational freedom for two polypeptides (such as

two Fd regions) linked thereby. Such rotational freedom allows two or moreantigen binding

sites joined bythe flexible linker to each access target antigen(s) more efficiently. Examples

of suitable flexible linker peptide sequencesinclude gly-ser, gly-ser-gly-ser, ala-ser, and gly-

gly-gly-ser.

"Single-chain Fv" or "sFv" antibody fragments comprise the Vy and Vz domainsof antibody,

wherein these domainsare present in a single polypeptide chain. Generally, the Fv

polypeptide further comprises a polypeptide linker between the Vy and Vy, domains which

enables the sFv to form the desired structure for antigen binding. For a review of sFv see

Pluckthun in The Pharmacology ofMonoclonal Antibodies, vol. 113, Rosenburg and Moore

eds. Springer-Verlag, New York, pp. 269-315 (1994).

The term "diabodies" refers to small antibody fragments with two antigen-bindingsites, which

fragments comprise a heavy chain variable domain (Vy) connected to a light chain variable

domain (V]) in the same polypeptide chain (Vy - VL). By using a linkerthat is too short to

allow pairing between the two domainson the samechain, the domainsare forced to pair with

the complementary domains of another chain and create two antigen-binding sites. Diabodies

are described more fully in, for example, EP 404,097; WO 93/11161; and Hollingeret al.,

Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993).

The expression “linear antibodies” when used throughoutthis application refers to the

antibodies described in Zapata et al. Protein Eng. 8(10):1057-1062 (1995). Briefly, these

antibodies comprise a pair of tandem Fd segments (Vyq-Cyy1-Vyq-Cyy1) which form a pair of

antigen binding regions. Linear antibodies can be bispecific or monospecific.

A “variant” anti-VEGFantibody, refers herein to a molecule which differs in amino acid

sequence from a “parent” anti-VEGF antibody amino acid sequence byvirtue of addition,
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deletion and/or substitution of one or more aminoacid residue(s) in the parent antibody

sequence. In the preferred embodiment, the variant comprises one or more aminoacid

substitution(s) in one or more hypervariable region(s) of the parent antibody. For example, the

variant may compriseat least one, e.g. from about one to aboutten, and preferably from about

two to aboutfive, substitutions in one or more hypervariable regions of the parent antibody.

Ordinarily, the variant will have an amino acid sequence having at least 75% amino acid

sequenceidentity with the parent antibody heavyor light chain variable domain sequences,

more preferably at least 80%, more preferably at least 85%, more preferably at least 90%, and

most preferably at least 95%. Identity or homology with respect to this sequence is defined

herein as the percentage of amino acid residues in the candidate sequencethat are identical

with the parent antibody residues, after aligning the sequences and introducing gaps,if

necessary, to achieve the maximum percent sequence identity. None of N-terminal, C-

terminal, or internal extensions, deletions, or insertions into the antibody sequenceshall be

construed as affecting sequence identity or homology. The variant retains the ability to bind

human VEGFandpreferably has properties which are superior to those of the parent antibody.

For example, the variant may have a stronger binding affinity, enhanced ability to inhibit

VEGF-induced proliferation of endothelial cells and/or increased ability to inhibit VEGF-

induced angiogenesis in vivo. To analyze such properties, one should compare a Fab form of

the variant to a Fab form ofthe parent antibody ora full Jength form of the variantto a full

length form of the parent antibody, for example, since it has been found that the formatof the

anti-VEGF antibody impactsits activity in the biological activity assays disclosed, e.g., in

W098/45331 and US2003/0190317. In one embodiment, the variant antibody is one which

displaysat least about 10 fold, preferably at least about 20 fold, and mostpreferably at least

about 50 fold, enhancementin biological activity when compared to the parent antibody.

The “parent” antibody herein is one which is encoded by an amino acid sequence used for the

preparation of the variant. Preferably, the parent antibody has a human framework region and,

if present, has humanantibody constant region(s). For example, the parent antibody may be a

humanized or humanantibody.

An "isolated" antibody is one which has been identified and separated and/or recovered from a

componentofits natural environment. Contaminant componentsofits natural environment

are materials which would interfere with diagnostic or therapeutic uses for the antibody, and

may include enzymes, hormones,and other proteinaceous or nonproteinaccoussolutes. In
18
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preferred embodiments, the antibody will be purified (1) to greater than 95% by weightof

antibody as determined by the Lowry method, and most preferably more than 99% by weight,

(2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid

sequence byuseof a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under

reducing or nonreducing conditions using Coomassie blue or, preferably, silver stain. Isolated

antibody includes the antibodyin situ within recombinantcells since at least one component of

the antibody's natural environmentwill not be present. Ordinarily, however, isolated antibody

will be prepared by at least one purification step.

The term "epitope tagged" when used herein refers to the anti-VEGFantibody fused to an

"epitope tag." The epitope tag polypeptide has enough residues to provide an epitope against

which an antibody thereagainst can be made, yet is short enough such thatit does not interfere

with activity of the VEGFantibody. The epitope tag preferably is sufficiently unique so that

the antibody thereagainst does not substantially cross-react with other epitopes. Suitable tag

polypeptides generally have at least 6 amino acid residues and usually between about 8-50

amino acid residues (preferably between about 9-30 residues). Examples include the flu HA

tag polypeptide andits antibody 12CAS5(Field et al. Mol. Cell. Biol. 8:2159-2165 (1988)); the

c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto (Evan et al., Mol. Cell.

Biol. 5(12):3610-3616 (1985)); and the Herpes Simplex virus glycoprotein D (gD) tag and its

antibody (Paborskyet al., Protein Engineering 3(6):547-553 (1990)). In certain embodiments,

the epitope tag is a "salvage receptor binding epitope". As used herein, the term "salvage

receptor binding epitope” refers to an epitope of the Fc region of an IgG molecule (e.g., IgG,

IgG, IgG3, or IgG4) that is responsible for increasing the in vivo serum half-life of the IgG

molecule.

An “angiogenic factor or agent” is a growth factor which stimulates the developmentof blood

vessels, €.g., promotes angiogenesis, endothelial cell growth, stability of blood vessels, and/or

vasculogenesis, etc. For example, angiogenic factors, include, but are not limitedto,e.g.,

VEGFand members of the VEGF family, PIGF, PDGF family, fibroblast growth factor family

(FGFs), TIE ligands (Angiopoietins), ephrins, ANGPTL3, ANGPTL4,etc. It would also

include factors that accelerate wound healing, such as growth hormone,insulin-like growth

factor-[ (GF-], VIGF, epidermal growth factor (EGF), CTGF and membersof its family, and

TGF-o and TGF-B. See, e.g., Klagsbrun and D’Amore, Annu. Rev. Physiol., 53:217-39
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(1991); Streit and Detmar, Oncogene, 22:3172-3179 (2003); Ferrara & Alitalo, Nature

Medicine 5(12):1359-1364 (1999); Tonini et al., Oncogene, 22:6549-6556 (2003) (e.g., Table

1 listing angiogenic factors); and, Sato Int. J. Clin. Oncol., 8:200-206 (2003).

An "anti-angiogenesis agent" or “angiogenesis inhibitor” refers to a small molecular weight

substance, a polynucleotide, a polypeptide, an isolated protein, a recombinantprotein, an

antibody, or conjugates or fusion proteins thereof, that inhibits angiogenesis, vasculogenesis,

or undesirable vascular permeability, either directly or indirectly. For example, an anti-

angiogenesis agent is an antibody or other antagonist to an angiogenic agent as defined above,

e.g., antibodies to VEGF,antibodies to VEGFreceptors, small molecules that block VEGF

receptor signaling (e.g., PTK787/ZK2284, SU6668). Anti-angiogensis agents also include

native angiogenesis inhibitors, e.g., angiostatin, endostatin, etc. See, e.g., Klagsbrun and

D’Amore, Annu. Rev. Physiol., 53:217-39 (1991); Streit and Detmar, Oncogene, 22:3172-3179

(2003) (e.g., Table 3 listing anti-angiogenic therapy in malignant melanoma); Ferrara &

Alitalo, Nature Medicine 5(12):1359-1364 (1999); Toniniet al., Oncogene, 22:6549-6556

(2003) (e.g., Table 2 listing antiangiogenic factors); and, Sato Int. J. Clin. Oncol. , 8:200-206

(2003)(e.g., Table 1 lists Anti-angiogenic agents used inclinicaltrials).

The term “effective amount”or “therapeutically effective amount” refers to an amountof a

drug effective to treat a disease or disorder in a mammal. In the case of age-related macular

degeneration (AMD),the effective amount of the drug can reduce or prevent vision loss. For

AMDtherapy,efficacy in vivo can, for example, be measured by one or more of the

following: assessing the mean changein the best corrected visual acuity (BCVA) from

baseline to a desired time, assessing the proportion of subjects who lose fewer than 15 letters

in visual acuity at a desired time compared with baseline, assessing the proportion of subjects

whogain greater than or equal to 15 letters in visual acuity at a desired time compared with

baseline, assessing the proportion of subjects with a visual-acuity Snellen equivalent of

20/2000 or worse at desired time, assessing the NEI Visual Functioning Questionnaire,

assessing the size of CNV and amountof leakage of CNVat a desired time , as assessed by
fluorescein angiography,etc.

A therapeutic dose is a dose which exhibits a therapeutic effect on the patient and a sub-

therapeutic dose is a dose which does not exhibit a therapeutic effect on the patient treated.
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An “intraocular neovascular disease” is a disease characterized by ocular neovascularization.

Examples of intraocular neovascular diseases include, but are not limited to, e.g., proliferative

retinopathies, choroidal neovascularization (CNV), age-related macular degeneration (AMD),

diabetic and other ischemia-related retinopathies, diabetic macular edema, pathological

myopia, von Hippel-Lindau disease, histoplasmosis of the eye, Central Retinal Vein Occlusion

(CRVO), corneal neovascularization, retinal neovascularization, etc.

The word "label" when used herein refers to a detectable compound or composition whichis

conjugated directly or indirectly to the antibody. The label may itself be detectable byitself

(e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may

catalyze chemical alteration of a substrate compound or composition which is detectable.

By "solid phase" is meant a non-aqueous matrix to which the antibodyof the present invention

can adhere. Examplesof solid phases encompassed herein include those formed partially or

entirely of glass (e.g. controlled pore glass), polysaccharides(e.g., agarose), polyacrylamides,

polystyrene, polyvinyl alcohol and silicones. In certain embodiments, depending on the

context, the solid phase can comprise the well of an assayplate; in others it is a purification

column(e.g. an affinity chromatography column). This term also includes a discontinuous

solid phase of discrete particles, such as those described in U.S. Patent No. 4,275,149.

A "liposome"is a small vesicle composed of various types of lipids, phospholipids and/or

surfactant which is useful for delivery of a drug (such as the anti-VEGFantibodies) to a

mammal. The components of the liposome are commonly arranged in a bilayer formation,

similar to the lipid arrangement of biological membranes.

MODESOF THE INVENTION

It has been discoveredthat the treatment effects of a VEGF antagonist, e.g., Ranibizumab,are

maintained for an extended period of time, such as more than one month. Treatment with the

VEGFantagonist was also found to be well tolerated for up to 2 years. The present invention

describes a treatment schedule comprising an initial interval of administration of a therapeutic

compound,followed by a subsequent, less frequent interval of administration of the

therapeutic compound. The methodsof the present invention allow one to decrease

subsequent dosesof the therapeutic compound, while at the same time maintaining the

therapeutic efficacy.
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The therapeutic compound whichis administered using the treatment schedule of the present

invention is a VEGF antagonist, preferably an anti-VEGF antibody (e.g., Ranibizumab).

VEGFis a secreted homodimeric protein that is a potent vascular endothelial cells mitogen

(Ferrara N, Davis Smyth T. Endocr Rev 18:1—22 (1997). VEGFstimulates vascular

endothelial cell growth, functions as a survival factor for newly formed vessels, and induces

vascular permeability. VEGF expression is upregulated by hypoxia as well as by a numberof

other stimuli.

In methods ofthe invention, therapeutic effects of a VEGF antagonist are provided by

administering to a mammal a numberoffirst individual doses of an VEGFantagonist;

followed by, administering to the mammal a numberof second individual doses of the

antagonist, where the second individual doses are administered less frequently than thefirst

individual doses.

The term "therapeutic" in this context means that the compoundsbindsto the ligand, VEGF,

and producea change in the symptomsor conditions associated with the disease or condition

whichis being treated. It is sufficient that a therapeutic dose produce an incremental changein

the symptomsor conditions associated with the disease; a cure or complete remission of

symptomsis not required. One having ordinary skill in this art can easily determine whether a

dose is therapeutic by establishing criteria for measuring changes in symptomsor conditions

of the disease being treated and then monitoring changesin these criteria according to known

methods. External physical conditions, histologic examination of affected tissues in patients or

the presence or absence of specific cells or compounds, associated with a disease may provide

objective criteria for evaluating therapeutic effect. In one example, methods of the invention

may be used to treat AMD wheretherapeutic effect is assessed by changesin preventing

vision loss. Other indicators of therapeutic effect will be readily apparent to one having

ordinary skill in the art and maybe used to establish efficacy of the dose. See also section

entitled herein, “Efficacy of the Treatment.”

The doses may be administered according to any time schedule which is appropriate for

treatmentof the disease or condition. For example, the dosages may be administered on a

daily, weekly, biweekly or monthly basis in order to achieve the desired therapeutic effect and

reduction in adverse effects. The dosages can be administered before, during or after the

developmentof the disorder. The specific time schedule can be readily determined by a
22
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physician having ordinary skill in administering the therapeutic compound by routine

adjustments of the dosing schedule within the method of the present invention. The time of

administration of the numberoffirst individual and second individual doses as well as

subsequentdosagesis adjusted to minimize adverse effects while maintaining a maximum

therapeutic effect. The occurrence of adverse effects can be monitored by routine patient

interviews and adjusted to minimize the occurrenceof side effects by adjusting the time of the

dosing. Any dosingtime is to be considered to be within the scope of the present invention so

long as the numberoffirst individual doses of the VEGF antagonist is administered followed

by a number of secondindividual doses, which are less frequently administered. For example,

doses may be administered on a monthly schedule followed by subsequent quarterly or more

dose schedule. Maintenance doses are also contemplated by the invention.

In a further embodiment, the first individual dose may be repeated one or more times before

the second individual dose is administered. The first dose may be administered, for example,

one, two orthree times, typically three times before the less frequent administration dose(s) is

(are) administered. In one embodiment of the invention, the first individual doses are

administered at one monthintervals (e.g., about 3 individual doses). The second doseis

administered less frequently, e.g., at three month intervals (e.g., about 6 individual doses). In

one aspect of the invention, the second individual doses are administered beginning three

monthsafter the numberof first individual doses.

In one embodimentof the invention, the numberof first individual doses and the numberof

second individual doses are administered over a time period of about 2 years. Shorter and

longer time periods of 2 years are also included in the invention. In oneaspect, the first

individual dose is administered at month 0, 1 and 2. In another aspect, the second individual

dose is administered at month 5, 8, 11, 14, 17, 20 and 23. In one example,the first individual

dose is administered at month 0, 1, and 2 and the second individual dose is administered at

month 5, 8, 11, 14, 17, 20 and 23.

Anotheraspect of the inventionis the treatment of an intraocular neovascular disease, e.g., wet

form AMD,by administering to a mammal, preferably a humanpatient, a numberoffirst

individual doses of a compound,e.g., a VEGF antagonist, followed by administering a number

of second individual doses of the compound, where the numberof second individual doses are

administered less frequently than the numberoffirst individual doses. This aspect of the
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invention is different than previous dosing methods for the treatment of such diseases which

generally treat with regularly spaced, even doses of a therapeutic compound.For example, the

Ranibizumab (rhuFab V2), which is an antihuman VEGF, affinity-matured Fab has been

administered in equal monthly ( about 28 days) doses of 0.3 mg or 0.5 mg.In contrast, the

method of the invention provides a numberoffirst individual doses whichare typically evenly

spaced follow by a numberof secondindividual doses that are less frequently administered.

The patient receives an initial dose of the VEGF antagonist. Since the VEGFantagonist

treatment effects are maintained for more than a month,the patient can receive less frequent

doses of the therapeutic compound in subsequent doses. However,it is possible to give more

frequent doses, within the scope of the invention, to patients who do not experience effects on

first administration.

The dosage amount dependson the specific disease or condition which is treated and can be

readily determined using known dosage adjustment techniques by a physician having ordinary

skill in treatment of the disease or condition. The dosage amountwill generally lie with an

established therapeutic window for the therapeutic compound which will provide a therapeutic

effect while minimizing additional morbidity and mortality. Typically, therapeutic compounds

are administered in a dosage ranging from 0.001 mg to about 100 mgper dose, preferably 0.1-

20 mg.

Also within the scope of the present invention are additional doses, which may be

administered after the numberoffirst individual doses and after the number of second

individual doses. For example, an additional, third set of doses can be administered.

Typically, the therapeutic compoundused in the methodsofthis invention is formulated by

mixing it at ambient temperature at the appropriate pH, and at the desired degree of purity,

with physiologically acceptable carriers, i.e., carriers that are non-toxic to recipients at the

dosages and concentrations employed. The pH of the formulation depends mainly on the

particular use and the concentration of antagonist, but preferably ranges anywhere from about

3 to about 8. Where the therapeutic compoundis an anti-WEGFantibody(e.g., ranibizumab), a

suitable embodimentis a formulation at about pH 5.5.
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The therapeutic compound,e.g. an anti-VEGF antibody, for use herein is preferably sterile.

Sterility can be readily accomplishedbysterile filtration through (0.2 micron) membranes.

Preferably, therapeutic peptides and proteins are stored as aqueoussolutions, although

lyophilized formulations for reconstitution are acceptable.

The therapeutic compound may be formulated, dosed, and administered in a fashion consistent

with good medical practice. Factors for consideration in this context include the particular

disorder being treated, the particular mammal beingtreated, the clinical condition of the

individual patient, the cause of the disorder, the site of delivery of the agent, the method of

administration, the time scheduling of administration, and other factors known to medical

practitioners. The "therapeutically effective amount" of the therapeutic compoundto be

administered is governed by such considerations, and is the minimum amountnecessary to

prevent, ameliorate, or treat an intraocular neovascular disease.

The therapeutic compoundfor treatment of an intraocular neovascular disease is typically

administered by ocular, intraocular, and/orintravitreal injection. Other methods

administration by also be used, which includes butis not limited to, topical, parenteral,

subcutaneous, intraperitoneal, intrapulmonary,intranasal, and intralesional administration.

Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or

subcutaneous administration. As described herein, the therapeutic compoundfortreatmentof

an intraocular neovascular syndrome may be formulated, dosed, and administered in a fashion

consistent with good medicalpractice.

The efficacy of the treatment of the invention can be measured by various endpoints

commonly used in evaluating intraocular neovascular diseases. For example, vision loss can

be assessed. Vision loss can be evaluated by, but not limited to, e.g., measuring by the mean

changein best correction visual acuity (BCVA)from baseline to a desired time point(e.g.,

where the BCVAis based on Early Treatment Diabetic Retinopathy Study C(ETDRS)visual

acuity chart and assessmentat a test distance of 4 meters), measuring the proportion of

subjects who lose fewer than 15 letters in visual acuity at a desired time point comparedto

baseline, measuring the proportion of subjects who gain greater than or equal to 15 letters in

visual acuity at a desired time point compared to baseline, measuring the proportion of

subjects with a visual-acuity Snellen equivalent of 20/2000 or worse at a desired time point,

measuring the NEI Visual Functioning Questionnaire, measuring the size of CNV and amount
: 25
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of leakage of CNVat a desired time point, e.g., by fluorescein angiography, etc. Ocular

assessments can be done, e.g., which include, but are not limited to, e.g., performing eye

exam, measuring intraocular pressure, assessing visual acuity, measuring slitlamp pressure,

assessing intraocular inflammation,etc.

Any compound which binds to VEGF or a VEGFreceptor and reduces the severity of

symptomsor conditions associated with an intraocular neovascular disease may be used in this

embodimentof the invention. Preferred compoundsare peptide or protein compounds, more

preferably are compounds which are or which contain an antibody or fragment thereof or

whichare fusions to an antibody fragment such as an immunoadhesin. Particularly preferred

compoundsare anti-VEGFantibodies or compoundscontaining fragments thereof.

VEGFis expressed in a variety of cells in the normal human retina. Co-localization of VEGF

mRNAandprotein is observed in the ganglion cell, inner nuclear and outer plexiform layers,

the walls of the blood vessels, and photoreceptors (Gerhardingeret al., Am J Pathol 152:1453-

62 (1998)). Retinal pigment epithelium, Muller cells, pericytes, vascular endothelium, and

ganglion cells all produce VEGF (Miller et al., Diabetes Metab Rev 13:37—50 (1997), and,

Kim etal. Invest Ophthalmol Vis Sci 40:2115—21 (1999)).

Studies have documented the immunohistochemical localization of VEGFin surgically

resected CNV membranes from AMDpatients. Kvanta et al. (1996) demonstrated the

presence of VEGF mRNAandprotein in RPEcells and fibroblast like cells. See Kvantaetal.,

Invest OphthalmolVis Sci 37:1929-34 (1996). Lopez et al. (1996) noted that the RPE cells

that were strongly immunoreactive for VEGF were present primarily in the highly

vascularized regions of CNV membranes, whereas the RPE cells found in fibrotic regions of

CNV membranes showedlittlke VEGF reactivity. See Lopez et al., Invest OphthalmolVis Sci

37:855-68 (1996). Kliffen et al. (1997) also demonstrated increased VEGF expression in RPE

cells and choroidal blood vessels in maculae from patients with wet AMD compared with

controls. See Kliffen et al., Br J Ophthaimol 81:154-62 (1997).

An increase in VEGFexpression has been noted in experimental models of CNV in rats and in

non humanprimates (Husainet al., Ophthalmology 104: 124250 (1997); and, Yi et al. Vascular

endothelial growth factor expression in choroidal neovascularization in rats. Graefes Arch Clin

Exp Ophthalmol 235:313—9 (1997)). In addition, transgenic mice with increased VEGF
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expression in photoreceptors (Okamotoet al. 1997, supra) or retinal pigment epithelium

(Schwesingeret al., AM J Pathol. 158(3):1161-72 (2001)) developed neovacularization

reminiscent of CNV seen in humanswith neovascular AMD. This further supports the

involvement of VEGFin ocular neovascularization.

Of particular relevance to wet AMDarethe angiogenic properties of VEGF, which have been

demonstrated in a variety of in vivo models, including the chick chorioallantoic membrane

(Leunget al., Science 246:1306—9 (1989); and, Plouet J, Schilling J, Gospodarowicz D. EMBO

J 8:3801—6 (1989)), rabbit cornea (Phillips et al., Jn Vivo 8:961—-5 (1994)), and rabbit bone

(Connolly et al. J Clin Invest 84:1470—8 (1989a)). VEGFalso functions as a survival factor

for newly formed endothelial cells (Dvorak HF. N Engl J Med 315:1650-9 (1986); and,

Connolly et al. J Biol Chem 264:20017—24 (1989b)). Consistent with pro survivalactivity,

VEGFinduces expression of the anti apoptotic proteins Bcl 2 and AJ in human endothelial

cells (Connolly et al. J Biol Chem 264:20017—24 (1989b)).

VEGFhasbeen shownto induce vascular leakage in guinea pig skin (Connolly et al. J Biol

Chem 264:20017—24 (1989b)). Dvorak (1986) and colleagues (1987) proposed that an

increase in microvascular permeability is a crucial step in angiogenesis associated with tumors

and wound healing. Dvorak HF. N Engl J Med 315:1650—-9 (1986); and, Dvoraket al., Lab

Invest 57:673—86 (1987). A major function of VEGFin the angiogenic process can be the

induction of plasmaprotein leakage. This effect would result in the formation of an

extravascular fibrin gel, which serves as a substrate for endothelial cells. This activity can

have relevance for AMD,asit is well established that permeability of the CNV membranes

results in transudation of serum components beneath andinto theretina, leading to serous

macular detachment, macular edema and vision loss.

Thus, VEGFantagonists are good therapeutic compoundsfortreating intraocular neovascular

diseases.

Manytherapeutic compounds are well knownto exert a therapeutic effect by binding to a

selective cell surface marker or receptor or ligand. These knowntherapeutic compounds,e.g.,

anti-angiogenesis agents, are apparent to one having ordinary skill in the art and may be used

in the method of the present invention. Suitable therapeutic compoundsinclude non-peptidic

organic compounds,preferably having a molecular weightless than about 1,000 g/mol, more
27

Regeneron Exhibit 1002.0861



10

15

20

25

30

WO 2006/047325 PCT/US2003/038006

preferably less than about 600 g/mol; peptide therapeutic compounds, generally containing 8

to about 200, preferably about 15 to about 150, more preferably about 20 to about 100 amino

acid residues; and protein therapeutic compounds, generally having secondary,tertiary and

possibly quaternary structure. Suitable peptides compounds can be prepared by knownsolid-

phase synthesis or recombinant DNAtechnology which are well knownin theart.

A particularly preferred method of selecting a peptide compoundis through the use of phage

display technology. Using known phage display methods, libraries of peptides or proteins are

prepared in which one or more copies of individual peptides or proteins are displayed on the

surface of a bacteriophage particle. DNA encodingthe particular peptide or protein is within

the phage particle. The surface-displayed peptides or proteins are available for interaction and

binding to target molecules which are generally immobilized on a solid support such as a 96-

well plate or chromatography column support material. Binding and/orinteraction of the

display peptide or protein with a target molecule under selected screening conditions allows

one to select membersof the library which bind or react with the target molecule underthe

selected conditions. For example, peptides which bind underparticular pH or ionic conditions

maybeselected. Alternatively, a target cell population can be immobilized on a solid surface

using known techniquesand the peptide or protein phage library can be panned against the
immobilized cells to select peptides or proteins which bindto cell surface receptors on the

target cell population. Phage display techniques are disclosed, for example, in U.S. Pat. Nos.

5,750,373; 5,821,047; 5,780,279; 5,403,484; 5,223,407; 5,571,698; and others.

Onecategory of polypeptide compounds, are compoundscontaining an antibodyor a fragment

thereof which immunologically recognize and bind to cell surface receptors or ligands.

Methodsof preparing antibodies are well known in the art and have beenpracticed for many

years. Suitable antibodies may be prepared using conventional hybridomatechnologyor by

recombinant DNA methods. Preferred antibodies are humanized forms of non-human

antibodies. Alternatively, antibodies may be prepared from antibody phagelibraries using

methodsdescribed, for example, in U.S. Pat. Nos. 5,565,332; 5,837,242; 5,858,657,

5,871,907; 5,872,215; 5,733,743, and others. Suitable compoundsinclude full-length

antibodies as well as antibody fragments such as Fv, Fab, Fab' and F (ab')2 fragments which

can be prepared by reformatting the full length antibodies using known methods.
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Additional preferred polypeptide therapeutic compounds are immunoadhesin moleculesalso

knownas hybrid immunoglobulins. These polypeptides are useful as cell adhesion molecules

and ligands and also useful in therapeutic or diagnostic compositions and methods. An

immunoadhesin typically contains an amino acid sequence ofa ligand binding partnerprotein

fused at its C-terminus to the N-terminus of an immunoglobulin constant region sequence.

Immunoadhesins and methods of preparing the same are described in U.S. Pat. Nos.

5,428,130; 5,714,147; 4,428,130; 5,225,538; 5,116,964; 5,098,833; 5,336,603; 5,565,335;etc.

Pharmaceutical Compositions

Therapeutic compoundsofthe invention used in accordance with the present invention are

prepared for storage by mixing a polypeptide(s) having the desired degree of purity with

optional pharmaceutically acceptable carriers, excipients or stabilizers (Remington’s

Pharmaceutical Sciences 16th edition, Osol, A. Ed. [1980]), in the form of lyophilized

formulations or aqueoussolutions. Acceptable carriers, excipients, or stabilizers are nontoxic

to recipients at the dosages and concentrations employed, and include buffers such as

phosphate,citrate, and other organic acids; antioxidants including ascorbic acid and

methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride,

hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or

benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol,

cyclohexanol; 3-pentanol; and m-cresol); low molecular weight(less than about 10 residues)

polypeptides; proteins, such as serum albumin,gelatin, or immunoglobulins; hydrophilic

polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,

histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates

including glucose, mannose,or dextrins; chelating agents such as EDTA;sugars such as

sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal

complexes(e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,

PLURONICS™or polyethylene glycol (PEG).

The active ingredients may also be entrapped in microcapsules prepared, for example, by

coacervation techniquesor by interfacial polymerization, for example,

hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)

microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,

albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
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macroemulsions. Such techniquesare disclosed in Remington's Pharmaceutical Sciences 16th

edition, Osol, A. Ed. (1980).

The formulations to be used for in vivo administration mustbesterile. This is readily

accomplished byfiltration throughsterile filtration membranes.

Sustained-release preparations may be prepared. In one embodimentof the invention, an

intraocular implant can be used for providing the VEGF antagonist. Suitable examples of

sustained-release preparations include semipermeable matrices of solid hydrophobic polymers

containing a polypeptide of the invention, which matrices are in the form of shapedarticles,

e.g. films, or microcapsules. Examples of sustained-release matrices include polyesters,

hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),

polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-

glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid

copolymers such as the LUPRON DEPOT™(injectable microspheres composedoflactic

acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of

molecules for over 100 days, certain hydrogels release proteins for shorter time periods.

Whenencapsulated antibodies remain in the body for a long time, they may denature or

aggregate as a result of exposure to moisture at 37°C,resulting in a loss of biological activity

and possible changes in immunogenicity. Rational strategies can be devised for stabilization

depending on the mechanism involved. For example, if the aggregation mechanism is

discovered to be intermolecular S-S bond formation through thio-disulfide interchange,

stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic

solutions, controlling moisture content, using appropriate additives, and developing specific

polymer matrix compositions.

EXAMPLES

It is understood that the examples and embodiments described herein are forillustrative

purposes only andthat various modifications or changesin light thereof will be suggested to

personsskilled in the art and are to be included within the spirit and purview ofthis

application and scope of the appended claims.
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Example 1: Dosing Regiment

This study assesses the efficacy and safety of intravitreal injections of VEGF antagonist (e.g.,

ranibizumab) administered monthly for 3 doses followed by doses every 3 months compared

with sham injections administered at the same schedule in subjects with primary or recurrent

subfoveal choroidal neovascularization (CNV) with or without a classic CNV component

secondary to AMD.

In this study, two treatment groups receive multiple intravitreal doses of WEGF antagonist

from 0.3 mg to 0.5 mg for 24 months. See Figure 1. Each dose of VEGFantagonistis

administered every month for 3 doses (Day 0, Month 1 and Month 2) followed by doses every

3 months (Months5,8, 11, 14, 17, 20, and 23) until study termination. See Figure 2.

Subjects randomized to sham injections follow the same schedule as subjects receiving

ranibizumab. During the 24 month study period, a total of 10 ranibizumab or 10 sham

injections can be administered. Typically, the dosing does not occurearlier than 14 days after

the previous treatment. If a dose is withheld or is missed, it may be optionally administered

within 14 days following the previous treatment during the monthly injection period or within

45 days after the previous treatment during the 3-month dosing period. A maximum of 10

doses of study drug is administered during this study. Ranibizumab is administered in one eye

only (study eye) during this study.

An example of a VEGFantagonistis ranibizumab (LUCENTIS™). Ranibizumab (rhuFab

V2) is a humanized,affinity-matured anti-human VEGF Fab fragment. Ranibizumabis

produced by standard recombinant technology methodsin Escherichia coli expression vector

and bacterial fermentation. Ranibizumabis not glycosylated and has a molecular mass of

~48,000 daltons. See WO98/45331 and US20030190317.

Ranibizumab Injection: Forintravitreal administration, the study drug, ranibizumab,is

supplied in a liquid-filled vial of ranibizumab. Each vial contains 0.7 mL of either 6 mg/mL

(0.3 mg dose level) or 10 mg/mL (0.5-mg dose level) of ranibizumab aqueous solution (pH

5.5) with 10 mM ofhistidine, 100 mg/mL of trehalose, and 0.01% polysorbate 20. All study

drug is stored at 2°C—8°C (36°F—46°F), and should not be frozen. Drug should be protected

vials from direct sunlight.
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Procedures are 1mplemented to minimize the risk of potential adverse events associated with

serial intraocular injections (e.g., endophthalmitis). Aseptic technique is observed for the

injection tray assembly, anesthetic preparation and administration, and study drug preparation

and administration.

Intravitreal injections are performed by the injecting physician(s) followingthe slitlamp

examination. After thorough cleansingsofthe lid, lashes, and periorbital area with an

antiseptic, local anesthesia and antimicrobials can administered prior to study drug injection.

A 30 gauge, Y2-inch needle attached to a low volume(e.g., tuberculin) syringe containing 50

uL of study drug solution is inserted through the pre anesthetized conjunctiva and sclera,

approximately 3.54.0 mm posterior to the limbus, avoiding the horizontal meridian and

aiming toward the center of the globe. The injection volumeshould be delivered slowly. The

needle is then be removed slowly to ensure that all drug solution is in the eye. Immediately

following the intraocular injection, antimicrobial drops can be administered and the subjectis

instructed to self-administer antimicrobial drops four times daily for 3 days following each

intraocular injection of ranibizumab. Thescleral site for subsequentintravitreal injections

should be rotated.

Sham Injection: The injecting physician(s) performs the same pre-injection cleansing and

anesthetizing procedures (including subconjunctival injection of anesthesia) outlined above for

subjects receiving ranibizumab. An empty syringe without a needle is used in the sham

injection. The injecting physician(s) mimics an intraocular injection by making contact with

the conjunctiva and applying pressure without the needle. Immediately following the sham

injection, the injecting physician(s) performs the same post-injection procedures as those

performed on subjects receiving ranibizumab.

Pre-Injection Proceduresfor All Subjects (Raninizumab or Sham Injection): The following

procedures can be implemented to minimizethe risk of potential adverse events associated

with serial intravitreal injections (e.g., endophthalmitis). Aseptic technique is observed for

injection tray assembly, anesthetic preparation, and study drug preparation and administration.

The following procedures (except where noted) can be conducted bythe physician performing

the intravitreal injection of ranibizumab or sham injection. Subjects receive antimicrobials
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(e.g., ofloxacin ophthalmic solution or trimethoprim polymyxin B ophthalmic solution) for

self-administration four times daily for 3 days prior to treatment.

° The supplies are assembled and anda sterile field is prepared. Supplies can include

10% povidoneiodine swabs,sterile surgical gloves, 4X4 sterile pads, pack of sterile cotton

tipped applicators, eyelid speculum,sterile ophthalmic drape, 0.5% proparacaine

hydrochloride, 5% povidone iodine ophthalmic solution, 1% lidocaine for injection,

ophthalmic antimicrobial solution (e.g., ofloxacin ophthalmic solution or trimethoprim

polymyxin B ophthalmic solution, single-use vial), and injection supplies.

° 2 drops of 0.5% proparacaine hydrochloride are instilled into the study eye, followed

by 2 drops of a broad spectrum antimicrobial solution (e.g., ofloxacin ophthalmic solution or

trimethoprim polymyxin B ophthalmicsolution, single-use vial).

° The periocular skin and eyelid of the study eye are disinfected in preparation for

injection. The eyelid, lashes, and periorbital skin are scrubbed with 10% povidone iodine

swabs,starting with the eyelid and lashes and continuing with the surrounding periocular skin.

. The eyelid margins and lashes are swabbed,e.g., in a systematic fashion, from medial to
temporal aspects.

° A sterile ophthalmic drape can be placed to isolate the field, and the speculum can be

placed underneaththe eyelid of the study eye.

° 2 drops of 5% povidoneiodine ophthalmic solution are instilled in the study eye,

making sure the drops coverthe planned injection site on the conjunctiva.

° Wait 90 seconds.

° A sterile cotton-tipped applicator is saturated with 0.5% proparacaine hydrochloride

drops and the swabis held against the plannedintravitreal injection site for 10 secondsin .

preparation for the subconjunctival injection of 1% lidocaine hydrochloride ophthalmic

solution for injection (without epinephrine).

° 1% lidocaine (without epinephrine) is injected subconjunctivally.

° A sterile 4X4 pad in a single wipe can be used to absorb excess liquid and to dry the

periocular skin. |
° The subject is instructed to direct gaze away from syringe prior to ranibizumab or

sham injection.

Ranibizumab Preparation and Administration Instructions: The ranibizumab injection can be

prepared as herein. Dosesolutions are typically prepared immediately before dosing. Dose

solutions are typically for single use only.
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After preparing the study eye as outlined above, 0.2 mL ranibizumab dose solutionis

withdrawn through a 5-ymfilter needle. The filter needle is removed and replaced with a 30-

gauge, 2 inch Precision Glide® needle, and excess ranibizumabis expelled so that the syringe

contains 0.05 mL ranibizumab solution. The syringe is inserted through an area 3.5-4.0 mm

posterior to the limbus, avoiding the horizontal meridian and aiming toward the center of the

globe. The injection volume should be delivered slowly. The needle is then removed slowly

to ensure aboutall drug solution is in the eye. The scleral site for subsequentintravitreal

injections should be rotated. Refer to next section for detailed post injection procedures.

The subject can be monitored with a finger count test for the study eye within, e.g., 15 minutes

of the ranibizumab injection. A measurementof intraocular pressure of the study eye can be

obtained, e.g., 60 minutes (+10 minutes) following the ranibizumab injection.

Post-Injection Proceduresfor All Subjects: Immediately following the ranibizumab or sham

injection, 2 drops of antimicrobial drops(e.g., ofloxacin ophthalmic solution or trimethoprim

polymyxin B ophthalmic solution, single-use vial) are instilled in the study eye. The subjectis

instructed to self-administer antimicrobial drops (e.g., ofloxacin ophthalmic solution or

trimethoprim polymyxin B ophthalmicsolution, single-use vial) four times daily for 3 days

following each injection (ranibizumab or sham).

Preparation and Administration of the Sham Injection: See above for detailed instructions for

pre-injection procedures.

Subjects receiving sham injections do not receive an actual injection of study drug. The

physician follows the procedures for cleansing and anesthetizing the study eye as outlined

above. The subject should be instructed to direct his or her gaze away from the syringe prior

to administration of the sham injection. The tuberculin syringe plunger is withdrawnto the

0.05 mL markonthe syringe, the hub of the syringe—without the needle—is then placed

against the pre-anesthetized conjunctival surface. The syringe hubis pressed firmly against

the globe and then the plunger is slowly depressed, mimicking the action of an intravitreal

injection.
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For subsequent sham injections, the procedure of rotating the location of the injection site, as

is done with ranibizumabinjections is followed. See above for detailed post-injection

procedures.

The subject can be monitored using a finger counttest within, e.g., 15 minutes of the sham

injection. A measurementof intraocular pressure can be obtained, e.g., 60 minutes (+10

minutes) following the sham injection.

Safety is assessed by the incidence of ocular and non-ocular adverse events, including but not

limited to, serious adverse events, ocular assessments, deaths, laboratory test results, vital

signs, antibodies to Raninizumab,intraocular inflammation, visual acuity, intraocular pressure,

slitlamp pressure, indirect ophthalmoscopy, fluorescein angiography, fundus photography,

vitreous hemorrhage, sensory rhegmatogenousretinal break or detachment(including macular

hole), subfoveal hemorrhage, local or systemic infection, intraocular surgery, etc. In one

embodiment, if verteporfin PDT was given within the last 28 days, the ranibizumab/sham

injection is withheld. Efficacy is assessed by changes in preventing vision loss, e.g., measured

by the mean changein best correction visual acuity (BCVA)from baseline to 12 months or 24

months (where the BCVA is based on the Early Treatment Diabetic Retinopathy Study
(ETDRS)visual acuity chart and assessmentat a test distance of 4 meters), other means

include but are not limited to measuring the proportion of subjects who lose fewer than 15

letters in visual acuity at 12 months or 24 months compared to baseline, measuring the

proportion of subjects who gain greater than or equal to 15 letters in visual acuity at 12 months

or 24 months comparedto baseline, measuring the proportion of subjects with a visual-acuity

Snellen equivalent of 20/2000 or worse at 12 months or 24 months, measuring the NEI Visual

Functioning Questionnaire, measuring the size of CNV and amountof leakage of CNVat 12

months or 24 months,e.g., by fluorescein angiography.

The specification is considered to be sufficient to enable one skilled in the art to practice the

invention. Various modifications of the invention in addition to those shown and described

herein will becomeapparentto those skilled in the art from the foregoing description and fall

within the scope of the appended claims. All publications, patents, and patent applications

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

Weclaim:

1. A method for treating wet form age-related macular degeneration in a mammal, comprising

the steps of:

a) administering to the mammal a numberoffirst individual doses of an VEGF antagonist; and

b) administering to the mammal a numberof secondindividual doses of the VEGFantagonist,

wherein the second individual doses are administered less frequently than thefirst individual

doses.

2. The method of claim 1, wherein the mammalis a human.

3. The method of claim 1, wherein the administration is ocular.

4. The method of claim 3, wherein the administration is intraocular.

5. The method of claim 4, wherein the administration is intravitreal.

6. The method of claim 1, wherein the VEGFantagonist is an anti-VEGFantibody.

7. The method of claim 6, wherein the anti-VEGFantibodyis a full length anti-VEGF

antibody.

8. The methodof claim 6, wherein the anti-VEGF antibody is an antibody fragment.

9, The method of claim 6, wherein the anti-VEGF antibody is a Fab antibody fragment.

10. The method of claim 8, wherein the antibody fragment is Y0317.

11. The method of claim 1, wherein the first individual doses are administered at one month

intervals.

12. The method of claim 1, wherein the second individual doses are administered at three

month intervals.
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13. The method of claim 1, wherein the second individual doses are administered beginning

three months after the numberoffirst individual doses.

14. The method of claim 1, wherein the number of second individual doses are administered

to the mammal during a period of at least 22 months following the numberoffirst individual

doses.

15. The method of claim 1, wherein the numberof the first individual doses comprises about

3 individual doses.

16. The method of claim 1, wherein the numberof the second individual doses comprises

about 6 individual doses.

17. The method of claim 1, wherein the numberof first individual doses and the number of

second individual doses are administered over a time period of about 2 years.

18. The method of claim 1, wherein the first individual dose is administered at month O, 1 and

2.

19. The method of claim 1, wherein the second individual dose is administered at month 5, 8,

11, 14, 17, 20 and 23.

20. The method of claim 1, wherein the first individual dose is administered at month 0, 1,

and 2 and the second individual dose is administered at month 5, 8, 11, 14, 17, 20 and 23.

21. A method for treating intraocular neovascular disease, comprising:

administering to a mammal a numberoffirst individual doses of an VEGFantagonist;

followed by,

administering to the mammal a numberof second individual doses of the antagonist, wherein

the second individual doses are administered less frequently than the first individual doses.
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an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210
  

 
  

Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second andthird sentences of Rule 6.4(a). 
 Observations whereunity of invention is lacking (Continuation of item 3 of first sheet) 
 This International Searching Authority found multiple inventionsin this international application, as follows: 

  
Asall required additional search fees were timely paid by the applicant, this International Search Report coversailsearchable claims.

 
   Asall searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment

of any additionalfee.

 
   . [| As only someof the required additional search fees were timely paid by the applicant, this International Search Report

covers only those claims for which fees were paid, specifically claims Nos.:

  No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

 
 Remark on Protest [] The additional search fees were accompanied by the applicant's protest. 
 [| No protest accompanied the payment of additional search fees. 
 

Regeneron Exhibit 1002.0877



international Application No. PCT/US2005 /038006

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Continuation of Box II.1

 
Although claims 1-21 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the
alleged effects of the compound/composition.

Continuation of Box II.2

The present claims 1-5, 11-21 encompass compounds defined only by their
desired

function, contrary to the requirements of clarity of Article 6 PCT,
because the

result-to-be-achieved type of definition does not allow the scope of the
claim to be

ascertained. The fact that any compound could be screened does not
overcome this

objection, as the skilled person would not have knowledge beforehand as
to whether it

would fall within the scope claimed, except for the compounds disclosed
in the

description which are also structurally defined, see p.6-7. Undue
experimentation would be required to screen compounds randomly. This
non-compliance with the substantive provisions is to such an extent,
that

the search was performed taking into consideration the non-compliance in
determining
the extent of the search for claims 1-5, 11-21.
The search of said claims was consequently restricted to antibodies
against VEGF or structurally well defined other antagonists (such as
e.g., aptamers disclosed in the art).

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a syringe, and more particularly relates to a syringe whichis excellent in terms

of accuracy of visual inspection of the content andaprefilled syringe filled with a high viscosity drug that are suitable
for injection of high viscosity drugs.

BACKGROUND ART

[0002] Inrecent years, prefilled syringes prefilled with drugs have been used for reasons suchas prevention of mistakes
during medical treatment and prevention of bacterial contamination. A prefilled syringe has the tip opening of a barrel
sealed with a cap member,is filled with a drug inside the barrel, has the rear end portion of the barrel sealed with a

gasket, and is transported and stored in that state. When administering, an injection needle or an apparatus for admin-
istration is attached to the tip of the barrel, and by pushing a plunger attached to the gasket towards the tip and sliding
the gasketinside the barrel, the drug flows out from the injection needle and is administered. As such, prefilled syringes

have various advantages, such as allowing drugs to be administered in accurate doses without mistakes even during
emergencies as there is no need to prepare the drugs at the point of treatment, being highly sanitary as there is no

transferring of drugs, and being easyto operate.
[0003] Since prefilled syringes are stored and circulated in a state of being filled with a drug, it may be several years
from the filling of the drug in production factories to administration. As such, while it goes without saying that long-term

stability is needed, it is also necessary to be able to confirm the safety of the drug by visually inspecting for contamination
by impurities. For that reason, the material constituting the barrel needs to be highly transparent, and barrels made of
glass, which ensures transparency, have been frequently used in conventionalprefilled syringes.
[0004] However, glass barrels crack relatively easily, need to be separated from the other parts and cannot be incin-
erated together therewith when discarded, and cost more, so there has been a demand for barrels madeof resin. Resins
with transparency comparableto that of glass barrels have appearedin recent years, and there has been a gradual
transition towards resin barrels.

[0005] Regardless of the material of the barrel, to ensure sufficient slidability between the barrel and gasket, a lubricant
layer composedofsilicone or the like is generally provided on the inner peripheral surface of the barrel and/or the outer

peripheral surface of the gasket.
[0006] Inthe case of conventionally used glass barrels, typically, silicone, in the form of an emulsion, is applied to the
inner peripheral surface of the barrels and is fixed by baking at a high temperature (200 to 300°C). Silicone in itself is

not harmful to the human body,but the silicone is fixed to the inner peripheral surface of the barrels to avoid the silicone
contaminating the drugs.
[0007] In the case of resin barrels, since the glass transition point of resins is lower than the baking temperature of
silicone, the samefixing treatment as for glass barrels cannot be used. In the case of resin barrels, methods in which a
radiation or ultraviolet-curable organopolysiloxane is used and methodsin which a photopolymerization catalyst such
as benzophenoneis addedto silicone have been proposed as examples of methodsfor fixing silicone instead of baking

at a high temperature (Patent Document 1).
[0008] On the other hand, as methods notinvolving sucha fixing treatment, methods in whicha silicone oil is simply

applied to the inner peripheral surface of a barrel have also been widely used. In particular, in order to prevent the
silicone oil from dripping from the inner peripheral surface of the barrel and contaminating the drug and to suppress
increasesin the sliding resistance of the gasket, the addition of a fine silica powder to a silicone oil has been proposed
(Patent Document 2).

[0009] Additionally, in order to ensure sufficient slidability between the barrel and gasket, a prefilled syringe involving
the use of a sealing stopper (gasket) for a syringe, which is a rubber stopper with its surface laminated with a tetrafluor-
oethylene resin film or an ultrahigh molecular weight polyethylene film, has also been proposed (Patent Document3).

Patent Document 1: JP-A 2007-244606
Patent Document2: JP-A 2006-94895

Patent Document 3: JP-A H10-314305

SUMMARYOF THE INVENTION

[0010] However, since methodsforthe lubrication treatment of resin barrels comprising fixation require a step of curing
by radiation etc. as described in the above Patent Document 1, production efficiency is inevitably poor. Additionally,

some curing agents etc. may affect the human body when contaminating a drug.
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[0011] On the other hand, whenthefixing treatment is not performed, naturally, there is a risk of the applied silicone

oil separating from the inner peripheral surface of the barrel duringfilling of a drug, storage or transport and contaminating
the drug, causing turbidity. This is, as described in the above Patent Document2, not a problem that can be completely
overcome even when, for example, the silicone oil contains a fine silica powder. Rather, in that case, there is a risk of
not only the siliconeoil, but also the fine silica powder contaminating the drug.

[0012] Such contamination by the silicone oil from the inner peripheral surface of the barrel is particularly notable
whenthe viscosity of the drug is high. While the exact mechanismis unclear, this is thought to be due to the high shear

stress exerted on the silicone oil adhering to the inner peripheral surface of the barrel when filling the syringe with a drug
of high viscosity. As mentioned above, silicone oil is not necessarily harmful to the human body,butit is not possible to
clearly distinguish between turbidity caused by contamination due to silicone oil and turbidity caused by substantial
contamination due to impurities by visual inspection alone, so such syringes may be determinedto be defective products
during inspection or medical practice and be forced to be discarded without ever being used.
[0013] Further, even when thesilicone oil adheres normally to the inner peripheral surface of the barrel, the refractive

index of the applied silicone oil differs from the refractive index of the drug and the refractive index of the synthetic resin
constituting the syringe, resulting in glare on the inner peripheral surface of the barrel, which mayinterfere with visual
inspection or makeit seem asif there has been contamination by impurities or a defect such as a scratch on thebarrel.

[0014] Moreover, in the case of the sealing stopper (gasket) for a syringe described in Patent Document3, since the
surface of the rubber stopperis laminated with a resin film, the error in the inner diameter of the sealing stopper (gasket)

for a syringe or the barrel could be increased due to the disparity of the actual dimensions with respect to the dimensions
of the original design, and there tended to be problemsin the slidability or sealing properties of the sealing stopper
(gasket) for a syringe with respect to the inner surfaceof the barrel.

[0015] As such, there has been a need for syringes capable of reducing the risk of separation and contamination by
silicone oil while not requiring fixation of the silicone oil, in which glare rarely occurs on the inner peripheral surface of
the barrel, and equipped with sufficient gasket slidability and sealing properties.
[0016] The present invention was achieved in view of the above circumstances, with an object of providing a syringe
excellent in inspection accuracy while ensuring slidability and sealing properties between the barrel and gasket, and in
particular, a syringe that is also suitable for filling with a high viscosity drug.

[0017] Asa result of diligent studies, the present inventors found that by spraying a silicone oil of a predetermined
kinematic viscosity onto the inner peripheral surface of a resin barrel at a predetermined application amount per unit
area, itis possible to suppress separation and contamination by thesilicone oil and glare on the inner peripheral surface

of the barrel in addition to providing sufficient slidability.
[0018] Thatis, the syringe of the present invention is characterized by having a resin barrel, a gasket slidably inserted
in the barrel, a plunger attached to the gasket, and a silicone film formed by applying a silicone oil having a kinematic

viscosity of 500 to 100,000 cSt to the inner peripheral surface of the above-described barrel in an amountof 5 to 50 wg
per 1 cm2 of area.
[0019] Since a silicone oil having a kinematic viscosity of at least 500 cSt is used as the silicone constituting the

silicone film in this syringe, when spraying the silicone oil, the silicone oil is appropriately maintained on the inner
peripheral surface of the barrel without running. For that reason, even when a small amountofsilicone oil is applied, it
is possible to ensure sufficient slidability with the gasket. Additionally, since a silicone oil having a kinematic viscosity
of at most 100,000 cStis used, it can be applied to the inner peripheral surface of the barrel by spraying, and thesilicone
oil can be evenly applied in the above predetermined application amount per unit area.

[0020] Further, by using a silicone oil having a kinematic viscosity within that range, it is possible to ensure sufficient

slidability between the barrel and gasket even whenthe amountofthe silicone oil applied is at most 50 wg per 1 cm2 of
area on the inner peripheral surface of the barrel, and the amountofthe silicone oil applied can be suppressed to a low
amount. As a result thereof, when filling with a drug, evenif the silicone oil becomes mixed into the drug, the amountof
contamination can be kept extremely low. As such, the occurrence of turbidity due to contamination by the silicone oil
can be suppressed, the causes of turbidity in a drug in a prefilled syringe can be limited to cases of contamination by
impurities other than silicone oil, and accuracyin visual inspection to ensure safety can be substantially improved. This

is particularly applicable to cases where a high viscosity drug which is susceptible to contamination by silicone oil is
loaded. Further, when the application amountis within this range, as long as observation is performed by the naked
eye, there is also a low likelihood of glare being detected on the inner peripheral surface of the barrel. Moreover, when

the amountofthe silicone oil applied to the inner peripheral surface of the barrel is at least 5 ug per 1 cm? area, sufficient
slidability between the barrel and the gasket can be ensured.

[0021] Since the viscosity of a silicone oil having a kinematic viscosity within the above rangeis high, it is generally

not easy to evenly spray the oil. However, even spraying is possible by appropriately adjusting the liquid temperature,
air pressure, nozzle diameter and application time etc. In particular, a fine mist can be sprayed to achieve an extremely
thin film such as one within the above range by heating the silicone oil within such a range as not to cause denaturation
at the time of spraying.
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[0022] Moreover, by designing the maximum outer diameter of the gasket to be greater than the inner diameterof the

barrel such that the difference between the maximum outer diameter of the gasket and the inner diameter of the barrel
is at least 0.02 mm and at most 0.50 mm, it is possible to suppress drug leakage from the gap between the gasket and
barrel while maintaining the sealing properties of the gasket and ensure sufficient slidability between the barrel and gasket.
[0023] Further, as a result of diligent studies, it was found that when, upon shining incident light with an optical axis

orthogonally intersecting the central axis of the barrel and measuring the angle of refraction from the optical axis of the
transmitted light scattered along the samedirection as the central axis, glare on the inner peripheral surface ofthe barrel

can be remarkably suppressed if the angle of refraction is within a predetermined range.
[0024] Thatis, it was found that the glare could be remarkably suppressed when, upon shining an incident beam with
a wavelength of 635 nm to 690 nm and a beam width of at most 3.0 mm ona barrel filled with a drug at an optical axis
orthogonally intersecting the central axis of the barrel, the angle of refraction from the optical axis of the transmitted light
scattered in the same direction as the above-described central axis was within a range of 0.1 to 0.5°.
[0025] The "angle of refraction" in the present invention refers to the aperture angle from the optical axis of transmitted

light scattered along the same direction as the central axis of the barrel of a prefilled syringe filled with a drug when
shining an incident beam with an optical axis orthogonally intersecting the central axis of the barrel.
The barrel of a prefilled syringe will cause a transmitted beam in a direction perpendicular to the central axis to be highly

refracted with the center of curvature as the central axis. Accordingly, refraction occurring in the direction perpendicular
to the central axis is affected by solely the shape of the barrel, and cannot indicate small variations in the application

state of the silicone oil on the inner peripheral surface of the barrel. On the other hand,as the barrel is not substantially
curvedin the direction of the central axis, the divergence from the optical axis occurring in the same direction as the
central axis, i.e. the “angle of refraction" in the present invention, is not significantly affected by the shapeofthe barrel,

and can directly reflect the state of application of the silicone oil.
[0026] It was found that when the angle of refraction of a prefilled syringedfilled with a drug is within the range of 0.1
to 0.5°, as long as the observation is performed by the naked eye, there is an extremely low likelihood of glare being
detected on the inner peripheral surface of the barrel. As such,a prefilled syringe having such an angle of refraction can
remarkably improve the visual inspection accuracy of the drug.
[0027] According to the present invention, a drug can be morestably stored in the barrel and the accuracyof inspection

of the content can be substantially improved while ensuring the sealing properties and the slidability between the barrel
and gasket. This makes safe and accurate operation possible. As such, the syringe according the present invention has
great utility as a medical apparatus and as a cosmetic apparatus.

BREIF DESCRIPTION OF THE DRAWINGS

[0028]

[Fig. 1] A schematic view of a prefilled syringe according to an embodimentof the present invention.
[Fig. 2] A schematic view showing an embodimentof a device for measuring an “angle of refraction" in the present
invention.

Description of Reference Numbers

[0029]

1 Prefilled syringe
10 Syringe
20 Barrel

21 Tip opening
22 Flange
23 Screw thread portion
24 Gasket

25 Plunger

26 Cap member
27 Drug
28 Silicone film
31 Laseroscillator

32 Projection plate
33 Incident beam

34 Transmitted beam
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40 Central axis

41 Optical axis
42 Projection image

MODES FOR CARRYING OUT THE INVENTION

[0030] Herebelow, preferred embodiments of the present invention shall be explained in detail with reference to the

attached drawings. Fig. 1 is a schematic view of a prefilled syringe which is a preferred embodiment of the present
invention.

[0031] Prefilled syringe 1 according to the present embodiment can basically adopt the constitution of a conventional
prefilled syringe as is, and as shownin Fig. 1, is constituted by a syringe 10 comprising a barrel 20 with a tip opening
21 at the tip, a liquid-tight, air-tight and slidable gasket 24 in barrel 20, and a plunger 25 attached to the rear end of
gasket 24; a cap member 26for sealing tip opening 21 of barrel 20; and a drug 27 stored inside syringe 10. Moreover,

a silicone film 28 formed by spraying a silicone oil is provided on the inner peripheral surface of barrel 20. In Fig. 1, for
the sake ofillustration, silicone 28 is shown asa film seemingly applied at a fixed thickness, but as long as the amount

of silicone oil applied to the inner peripheral surface of barrel 20 is within the range of 5 to 50 wg per 1 cm? area, the
desired effects can be sufficiently achieved, so it does not necessarily need to be even.

<Barrel>

[0032] Barrel 20, as shownin Fig. 1, is a cylindrical body provided with tip opening 21 at the tip for the attachment of
an injection needle, and a pair of opposing flanges 22 at the rear end for the placementof fingers during drug injection.
[0033] Additionally, the below-described sealing member, cap member26, is attachedto tip opening 21 of barrel 20.
Moreover, an injection needle (not shown) instead of cap member 26 may be directly attached. In the present embodiment,

a screw thread portion 23 is provided on the outer peripheral surface of tip opening 21 for attaching cap member26 or
an injection needle.
[0034] Barrel 20 is formed with a transparent resin material in order to enable visual inspection ofthe filled drug 27.
While there is no particular limitation to the material forming barrel 20, when considering optical transparency, strength
and dimensional accuracy, various resins, for example, polystyrenes, polyamides, polycarbonates, polyvinyl chloride,

polyvinylidene chloride, poly-(4-methylpentene-1), polyvinyl alcohols, acrylic resins, acrylonitrile-butadiene-styrene co-

polymer, polyesters such as polyethylene terephthalate, cyclic polyolefins and cyclic olefin copolymers may be mentioned.
[0035] In the interest of visual inspection efficiency and accuracy of the content, cyclic olefin polymers (COP) and
cyclic olefin copolymers (COC) which have excellent transparency are particularly preferred. As suchresins, thermoplastic
saturated norbornene resin compositions commercially available under Zeonex (trademark) from the (Japan) Zeon
Corporation, particularly those dispersed with a compounding agent such as a gum polymer thatis immiscible with the

thermoplastic saturated norbornene resin, are preferred. In particular, those having the following properties are most
preferred.
Optical transparency: 92%
Refractive index: 1.53

<Gasket>

[9036] While there is no particular limitation to the material of gasket 24, in order to maintain air-tightness, itis preferably
formed by an elastic body such as rubberor a thermoplastic elastomer. Among them, butyl rubber, which changeslittle
in dimensions upon autoclavesterilization, is particularly preferred as the main ingredient. As the butyl rubber, a halo-

genated butyl halide that has been chlorinated or brominated in order to improve crosslinkability and adhesivenessetc.
may be used. As long as the material is permitted to be used as a medical apparatus or has been conventionally used
as a material for forming the gasket of a syringe, there is no particular limitation. Additionally while there is no particular
limitation on the surface material of the gasket, from the aspect of cost reduction, for example, materials not surface-
treated with a tetrafluoroetilylene resin film or ultra high molecular weight polyethylenefilm are preferred. Moreover, in
orderto further reduce the possibility of the gasket being stuck, a silicone oil may be applied to the surface of the gasket.

[0037] Gasket 24 preferably has a plurality of ridge portions (ring-shaped convex portions) as shownin Fig. 1. By
having such a plurality of ridge portions and valley portions (ring-shaped concave portions) provided in between, the

sliding area between gasket 24 and barrel 20 can be reduced, and therefore the sliding resistance between gasket 24
and barrel 20 can be reduced. Additionally, by having such a plurality of ridge portions and valley potions provided in
between, drug 27 can be blocked at multiple stages, suppressing leakage of drug 27 from the gap between gasket 24
and barrel 20.

[0038] Moreover, the maximum outer diameter of gasket 24 preferably corresponds to the outer diameterof the first
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ridge portion closest to the tip among the plurality of ridge portions. This is becausethefirst ridge portion closest to the

tip amongthe plurality of ridge portions of gasket 24 is in fact directly in contact with drug 27, so by maximizing the outer
diameterof this ridge portion, leakage of drug 27 from the gap between gasket 24 and barrel 20 can be effectively
suppressed.

<Dimensional difference between barrel and gasket>

[0039] In syringe 10 of the present embodiment, the maximum outer diameter of gasket 24 needs to be greater than
the inner diameterof barrel 20. By making the maximum outer diameter of gasket 24 greater than the inner diameter of
barrel 20, leakage of drug 27 from the gap between gasket 24 and barrel 20 can be suppressed, and the sealing properties
of gasket 24 can be maintained.
[0040] Additionally, in syringe 10 of the present embodiment, the difference between the maximum outer diameter of
gasket 24 and the inner diameter of barrel 20 needs to be at least 0.02 mm and at most 0.50 mm. This is because by

making the difference between the maximum outer diameter of gasket 24 and the inner diameter of barrel 20 at least
0.02 mm and at most 0.50 mm, leakage of drug 27 from the gap between gasket 24 and barrel 20 can be suppressed
while maintaining the sealing properties of gasket 24, and sufficient slidability between barrel 20 and gasket 24 can be
ensured.

[0041] Moreover, the difference between the maximum outer diameter of gasket 24 and the inner diameter of barrel

20 is preferably at least 0.10 mm, and more preferably at least 0.15 mm. This is because the greater this differenceis,
the easierit is to suppress drug 27 from leaking from the gap between gasket 24 and barrel 20. On the other hand, the
difference between the maximum outer diameter of gasket 24 and the inner diameter of barrel 20 is preferably at most

0.40 mm and morepreferably at most 0.35 mm. This is because the smallerthis difference is, the better is the slidabillty
betweenthe barrel and gasket.
[0042] The tolerance (variability in dimensional accuracy of the actual product with respect to the designed dimensions)
of the maximum outer diameterof gasket 24 after autoclavesterilization is preferably controlled be at most + 0.10 mm,
and is more preferably controlled to be at most + 0.05 mm. This is because whenthe variability in dimensional accuracy
of gasket 24 is within this range, it is stabilized by the entire syringe 10, and sufficient slidability and sealing properties

of the gasket can be ensured.
[0043] On the other hand, the tolerance (variability in dimensional accuracy of the actual product with respect to the
designed dimensions)of the inner diameter of barrel 20 is preferably controlled to be at most + 0.10 mm, and is more

preferably controlled to be at most = 0.05 mm. This is because when thevariability in dimension accuracy of barrel 20
is within this range, it is stabilized by almost the entire syringe 10, and sufficient slidability and sealing properties of the
gasket can be ensured.

[0044] If gasket 24 is a structure in which a tetrafluoroethylene resin film or ultra high molecular weight polyethylene
film is laminated on the surface of a rubber stopper, keeping the difference between the maximum outer diameter of
gasket 24 and the inner diameter of barrel 20 within these ranges might be difficult. This is because when making a
gasket 24 with such a complex laminated structure, the production process becomes complicated, and as a consequence
thereof, there is a tendencyfor the disparity in the actual dimensions of gasket 24 with respect to the dimensions of the
original design to be greater. For that reason, even if the inspection process of the dimensional accuracy of gasket 24

were applied strictly, the proportion of gaskets 24 outside the predetermined dimensional accuracy would be too great,
stalling and lowering the production of gasket 24, the production costs would soar significantly, and too much a burden

would be placed on the inspection process, so the actual construction of a production line could be difficult.
[9045] Assuch, inorder to control such a highly accurate maximum outer diameterofgasket 24, in addition to improving
the dimensional accuracy in the production process for both gasket 24 and barrel 20 or strictly applying the inspection
processfor dimensional accuracy, gasket 24 is preferably one that is not surface-treated with a resin film. This is because

the structure of the gasket itself can be designed into a simple shape, and the production process of the gasketitself
can be simplified by doing so. That is, in syringe 10 of the present embodiment, the highly accurate maximum outer
diameterof gasket 24 is preferably controlled by improving the dimensional accuracy in the production process for both
gasket 24 and barrel 20 or strictly applying the inspection process for dimensional accuracy in addition to using gasket
24 that is not surface-treated with a resin film.

<Plunger>

[0046] Additionally plunger 25 only needs to be equipped with a strength that can withstand the bending and pressing
force required to make gasket 24 slide inside barrel 20, and may be madeof, for example, a hard plastic material such
as polyethylene or polypropylene, but as long as the material is permitted to be used as a medical apparatus or has
been conventionally used as a material for forming the gasket of a syringe, there is no particular limitation.
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<Cap member>

[0047] Cap member 26tightly adheresto tip opening 21 of barrel 20, air-tight seals tip opening 21, and may be made
using an elastic body or hard resin such as butyl rubber, high-density polyethylene, polypropylene, polystyrene, or
polystyrene terephthalate, but as long as the material is permitted to be used as a medical apparatus or has been

conventionally used as a material for forming the gasket of a syringe, there is no particular limitation. In the present
embodiment, a female thread portion for threading thread portion 23 formed on the outer peripheral surface of tip opening

21 of barrel 20 is formed on the inner peripheral surface of cap member26.

<Silicone film>

[0048] Silicone film 28 formed by spraying a silicone oil having a predetermined kinematic viscosity as described below
is provided on the inner peripheral surface of barrel 20. Since the silicone oil applied to barrel 20 only needsto satisfy

the predetermined application amount per unit area, the thickness of silicone film 28 does not necessarily need to be
even across the entirety of barrel 20.

(Siliconeoil)

[0049] While the silicone oil forming silicone film 28 applied to the inner peripheral surface of the barrel is basically

polydimethylsiloxane, a polydimethylsiloxane with a side chain or terminal substitution within a range not impairing
lubricity may be used. Specifically for example, polymethylphenylsiloxane and polymethylhydrogen siloxane may be
mentioned. Various additives may be addedto the silicone oil as necessary.
[0050] The above-described silicone oil preferably has a kinematic viscosity of 500 to 100,000 cSt at 25 °C, and in
particular, one having a kinematic viscosity of 1,000 to 30,000 cSt is more preferably used. When the kinematic viscosity

is at least 500 cSt, the silicone oil is appropriately maintained at the spraying site on the inner peripheral surface of barrel
20 without running from the inner peripheral surface of barrel 20, so the slidability between barrel 20 and gasket 24 can
be sufficiently ensured with a small amount of application. Moreover, when the kinematic viscosity is at most 100,000

cSt, application to the inner peripheral surface of barrel 20 by spraying is possible.

(Thicknessofsilicone film)

[0051] The application amountof the silicone oil constituting silicone film 28 is preferably 5 to 50 wg, and particularly
preferably 10 to 30ug, per 1 cm? ofthe inner peripheral surface of barrel 20.
If the application amountof the silicone oil is at least 5 wg per 1 cm2 of the inner peripheral surface of the barrel, a
sufficient slidability between barrel 20 and gasket 24 can be ensured. Moreover, if the application amountis at most 50

ug per 1 cm? of the inner peripheral surface of the barrel, even if the silicone oil is mixed into the drug when loading
drug 27, the amount of contamination can be kept extremely small. Further, as long as observation is performed by the
naked eye, glare will not be detected on the inner peripheral surface of barrel 20.

(Method for forming silicone film)

[0052] Silicone film 28 is formed by evenly spraying a silicone oil having the above-described kinematic viscosity on

the inner peripheral surface of barrel 20 using a spray system compatible with high viscosity solutions. Since the silicone
oil applied in the present invention has a high kinematic viscosity, liquid temperature, air pressure, nozzle diameter and
application etc. need to be appropriately adjusted in order to be able to evenly spraythesilicone oil on the inner peripheral
surface of barrel 20.

Particularly, in the case of the abovesilicone oil of a high kinematic viscosity heating the silicone oil when spraying in
particular makesthe silicone oil easier to spray.

(Silicone oil applied to surface of gasket)

[0053] Whenspraying a silicone oil on the gasket, similar to applying a silicone oil to the inner peripheral surface of
the barrel, a silicone oil having a kinematic viscosity of 500 to 100,000 cSt at 25 °C is preferably used, and in particular,

one with a kinematic viscosity of 1,000 to 50,000 cSt is more preferably used. When the kinematic viscosity is at least

500 cSt, the applied silicone oil does not run and the lubricating action is maintained for along period of time. Moreover,
whenthe kinematic viscosity is at most 100,000 cSt, even application over the entire surface of the gasket is possible.
As the methodfor application, a conventionally used method can be used, for example, a methodin whichthesilicone

oilis directly added to a tank containing the gasket and mixed or a methodin which the gasket is mixed in water suspended
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with the silicone oil may be used.

(Amountof silicone oil applied to surface of gasket per unit area)

[0054] Since the application amount should be kept at the required minimum so as to suppress intermixture of the

silicone oil into the drug even when applying the silicone oil to the gasket, the application amount of the silicone oil is
preferably at most 0.3 mg and is more preferably at most 0.15 mg per 1 cm2 of the surface area of the gasket

<Drug>

[0055] While there is no particular limitation to drug 27 as long as it can be loadedinto a prefilled type syringe, syringe
10 of the above constitution is particularly suitable for loading a high viscosity drug. Usually, when a high viscosity drug
is loaded, a high shear force is exerted on the inner peripheral surface of the barrel, so the silicone oil applied to the

inner peripheral surfaceof the barrel is easily mixed into the drug, and as aresult thereof, turbidity occurs easily. However,
if a silicone oil of the above predetermined viscosity is applied to the inner peripheral surface of the barrel at the above
predetermined application amountperunit area, the amount of contamination bythesilicone oil can be kept extremely
small. For that reason, syringe 10 of the above constitution can be considered to be particularly suitable for high viscosity

drugsin which turbidity occurs easily.
[0056] Additionally, since the maximum value of the extrusion pressure during sliding is higher when using a high

viscosity drug 27 as compared to cases wherea low viscosity drug 27 is used, the tolerances of barrel 20 and gasket
24 must be made higherin order to suppress the maximum value of the extrusion pressure during sliding and to improve
the operability of syringe 10. For that reason, syringe 10 of the above constitution can be considered to be particularly

suitable for high viscosity drugs that tend to lead to higher maximum values of the extrusion pressure during sliding.
Consequently, for example, syringe 10 of the above constitution allows stable storage of a high viscosity drug, even with
a viscosity of approximately 60,000 mPa:s, and as such a drug, an aqueoussolution of 1% high molecular weight sodium
hyaluronate with a weight average molecular weight of 600,000 to 3,700,000 may be mentionedin particular.

<Angle of refraction measuring device>

[0057] Fig. 2 is a schematic view showing an embodimentof a device for measuring an angle of refraction.

This angle of refraction measuring device uses a laser oscillator 31 for shining a light beam (incident beam 33) ona
prefilled syringe 1 and a projection plate 32 for projection of a light beam (transmitted beam 34) leaving prefilled syringe 1.
[0058] Laseroscillator 31 is a device for shining incident beam 33 of an optical axis 41 orthogonally intersecting the

central axis 40 of barrel 20 onto prefilled syringe 1 filled with a drug. The wavelength of the oscillating laser is not
particularly limited, and while a visible laser of any of red, green, blue and purple etc. may be used, the value of the
angle of refraction changes with the wavelength, so the measurement needs to be carried out at a predetermined
wavelength. As such, one within a wavelength range of 635 to 690 nm, whichis that of commonred lasers, is preferably
used,

Projection plate 32 is not particularly limited as long asit is an opaque flat plate without any distortion on the surface.

Projection plate 32 is arranged suchthatit is perpendicular to optical axis 41 of the light beam shone from laser oscillator 31.

<Method for measuring angle of refraction>

[0059] To measure the angle of refraction using the above device, the position of laser oscillator 31 is first fixed, then
projection plate 32 is fixed such thatit is perpendicular to the optical axis 41 of the light beam shonefrom laseroscillator

31. In this state, i.e. a state in which the object of measurement, prefilled syringe 1, is not positioned, the light beam
shonefrom laseroscillator 31 is projected onto projection plate 32. When using a laser oscillator wherein the shape of
a projection image 42 is more or less round, the diameterof the projection image 42 shall be considered to be the beam
width "A" of incident beam 33. When using one that makes the shape of projection image 42 more orless oval, the
direction of the laser oscillator is adjusted such that the direction of the short axis of the oval matches with the direction
of the central axis of the barrel. In that case, the length of the short axis of the oval shall be considered to be the beam

width "A" of incident beam 33. Additionally, laser oscillators making projection image 42 a shape other than round or
oval are not suitable for measuring the angle of refraction in the present invention. Since it is more difficult to detect the

difference in angle of refraction when the beam width "A" of incident beam 33is large, it is preferably at most 3.0 mm
and more preferably at most 2.0 mm.
[0060] Next, the object of measurement, prefilled syringe 1, is placed at a predetermined position on optical axis 41.
At that time, the position of prefilled syringe 1 is adjusted such that the central axis 40 of prefilled syringe 1 orthogonally

intersects optical axis 41.

Regeneron Exhibit 1002.0888



10

15

20

25

30

35

40

45

50

55

EP 2 371 406 A1

In a state in which prefilled syringe 1 is arranged in the above manner, laser oscillator 31 shines a light beam (incident

beam 33) on prefilled syringe 1, and transmitted beam 34 leaving prefilled syringe 1 is projected onto projection plate
32. The width "D" in the same direction as central axis 40 of projection image 42 projected on projection plate 32 and
the distance "L" from central axis 40 of prefilled syringe 1 to projection plate 32 are measured.
[0061] The angle of refraction is an aperture angle "6" from optical axis 41 of transmitted beam 34 scattered in the

samedirection as central axis 40 whenshining incident beam 33 of optical axis 41 orthogonally intersecting central axis
AO of barrel 20 onto prefilled syringe 1 filled with a drug. Consequently, the angle of refraction can be obtained by the

following formula using beam width "A" of incident beam 33 shonefrom laseroscillator 31, distance "L" from central axis
40 of prefilled syringe 1 to projection plate 32 and width "D" in the samedirection as central axis 40 of projection image
42 of transmitted beam 34 projected on projection plate 32.

Angle of Refraction @ = tan- ((D-A}/2L)

[0062] While embodiments of the present invention have been described with reference to the drawings above, they
only serveto illustrate the present invention, and various constitutions other than the above may be adopted.

For example, in the above embodiments, the entire barrel 20 took the form of a single compartmentfilled with a drug,
but the inside of barrel 20 may be separated into multiple compartments using at least one sealing stopper to achieve

the form of a multi-compartmentsyringe. In that case, drug contamination and leakage can be more certainly prevented,
and multiple drugs can be loaded into a single syringe.

Examples

[0063] Herebelow, the present invention shall be further explained using examples, but the present invention is not
limited thereto.

<Example 1>

[09064] Onthe innerperipheral surface of a 5 ml volume barrel that was formed with a COPresin as the main ingredient,

had a cylindrical outer diameter of 15.05 mm, a cylindrical inner diameter of 12.45 mm anda full length of 79.0 mm, a
silicone oil of a kinematic viscosity of 5,000 cSt ("KF-96-5000cs" manufactured by Shin-Etsu Chemical Co., Ltd.) was

sprayed underthe following conditions such that the average application amount was 18 wg within a range of 12 to 25
wg per 1 cm?. A thermoplastic saturated norbornene resin composition commercially available as Zeonex (trademark)
from the (Japan) Zeon Corporation was used as the COPresin.
(Silicone oil spraying conditions)
Spraying time: 0.05 second
Air pressure: 0.5 MPa
Silicone oil heating temperature: 180 °C
Nozzle diameter: 1.0 mm

<Changein light transmittance due to formation of a silicone film>

[0065] Other than not spraying the silicone oil, a barrel similar to that of Example 1 (Comparative Example 1) was
prepared, and comparedwith the barrel of the above Example 1 for light transmittance. The following device and method

were used to measurelight transmittance.

(Device)

[0066]

- Spectrophotometer (manufactured by Hitachi High-Technologies Corporation; Model No.: U-3310)
- Wavelength: 660 nm

(Method)

[0067]
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-—alignthe 0 point of the spectrophotometer in a state where nothingis in the sample chamberof the spectrophotometer.

- fix the barrel to the sample chamberof the spectrophotometer. At this time, keep the distance from the light source
to the barrel constant, and adjust the light beam to shine on a position 20 mm from thetip of the barrel on the central
axis of the barrel.

- read the absorptance value in a state where nothing is in the control cell holder.

The measurementresults are shownin Table 1 below.

[0068]

[Table 1]

Example 1 0.008 0.006

(with silicone oil application) 0.006

 3rd 0.005

Comparative Example 1 4st 0.007 0.007

(withoutsilicone oil application) 0.009 
[0069] As shown inthe above Table 1, even when asiliconefilm was formed under the conditions described in Example
1, the absorptance did not appear to change substantially as compared to the case wheresilicone oil was not applied.
Accordingly, the silicone film formed under the conditions of Example 1 was confirmed to not affect the efficiency of

visual inspection.

<Example 2>

[0070] A prefilled syringe was assembled by preparing a barrel on whichasilicone film was formed by the same
method as Example 1, and attaching a cap memberto this barrel, then filling 2.9 ml of an aqueous solution of 1% high
molecular weight sodium hyaluronate with a weight average molecular weight of 3,000,000 (viscosity = 25,000 mPa:s),
and cappingit with a gasket.

<Example 3>

[0071] Other than using a silicone oil with a kinematic viscosity of 1,000 cSt ("KF-96-1000cs" manufactured by Shin-

Etsu Chemical Co., Ltd.) as the silicone oil, a barrel on which a silicone film was formed was prepared in the same

manner as Example 1, and a prefilled syringe was assembled using this barrel in the same manner as Example 2.

<Example 4>

[0072] Other than using a silicone oil with a kinematic viscosity of 30,000 cSt ("KF-96H-30000cs" manufactured by
Shin-Etsu Chemical Co., Ltd.) as the silicone oil, a barrel on which a silicone film was formed was prepared in the same
manner as Example 1, and a prefilled syringe was assembled using this barrel in the same manner as Example 2.

<Example 5>

[0073] Assilicone oil was further applied to the surface of the gasket at 0.1 mg per 1 cm2 of the surface. Specifically,
a silicone oil with a kinematic viscosity of 5,000 cSt was added to a tank filled with water in an amount that would achieve

0.13 mg per 1 cm2 with respectto the total surface area of the entire gasket, and mixed for 10 minutes to disperseit. A
gasket wasputinto the tank, and after mixing for 10 minutes at 100°C while blowing a vapor from the bottom, the water
wasdrained, rinsing was performed and autoclave sterilization was carried out. The application amount ofthe silicone

oil was confirmed by gravimetry, and verified to be 0.10 mg per 1 cm? of the gasket surface. Other than using this gasket,
a prefilled syringe was assembled in the same manner as Example 2.

10
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<Example 6>

[0074]Asilicone oil was further applied to the surface of the gasket at 0.2 mg per 1 cm? of the surface. While the
application method was the same as Example 5, the silicone oil was added in an amount that would achieve 0.26 mg

per 1 cm2 with respect to the total surface area of the entire gasket. The application amount ofthe silicone oil was
confirmed in the same manner as Example 5, and was 0.20 mg per 1 cm? of the gasket surface. Other than usingthis
gasket, a prefilled syringe was assembled in the same manner as Example 2.

Comparative Example 2>

[0075] Other than using a silicone oil with a kinematic viscosity of 350 cSt ("KP-96-350cs" manufactured by Shin-Etsu
Chemical Co., Ltd.) as the silicone oil, a barrel on whichasilicone film was formed was prepared in the same manner
as Example 1, and a prefilled syringe was assembled using this barrel in the same manner as Example 2.

<Comparative Example 3>

[0076] Other than using a mixedsilicone oil with a kinematic viscosity of 150,000 cSt prepared by mixing 370 g ofa

silicone oil with a kinematic viscosity of 300,000 cSt ("KF-96-300000cs" manufactured by Shin-Etsu Chemical Co., Ltd.)
and 630 g of a silicone oil with a kinematic viscosity of 100,000 cSt ("KF-96-100000cs" manufactured by Shin-Etsu

Chemical Co., Ltd.), a barrel on whicha silicone film was formed was prepared in the same manner as Example 1, and
a prefilled syringe was assembled using this barrel in the same manner as Example 2.

<Comparative Example 4>

[0077] Other than spraying a silicone oil to formasilicone film with an average application amount of 100 wg per 1
cm2, a barrel on whichasiliconefilm was formed was prepared in the same manner as Example 1, anda prefilled syringe
was assembled using this barrel in the same manner as Example 2.

<Comparative Example 5>

[0078] A silicone oil was further applied to the surface of the gasket at 0.4 mg per 1 cm? of the surface. While the
application method is the same as Example5, the silicone oil was added in an amount that would achieve 0.52 mg per

1 cm2 with respectto the total surface area of the entire gasket. The application amountofthe silicone oil was confirmed
in the same manner as Example 5, and was 0.41 mg per 1 cm? of the gasket surface. Other than using this gasket, a
prefilled syringe was assembled in the same manner as Example 2.
[0079] The prefilled syringes prepared in the above Examples 2 to 6 and Comparative Examples 2 to 5 were evaluated

by the following methodsfor intermixture of silicone oil into the drug, glare on the inner peripheral surface of the barrel
and sliding resistance.

<Visual evaluation>

[0080] The presenceof turbidity in the drugs and the presenceof glare on the inner peripheral surface of the barrels

werevisually evaluated by a group offive panelists consisting of skilled quality inspectors. The results are shownin Table 2.
Turbidity evaluation criteria:

A (good): no turbidity confirmed.
B (poor): turbidity confirmed.

Glare evaluation criteria:

A (good): no glare observed.
B (poor): glare observed.

<Sliding resistance evaluation>

[0081] Injection needles (23G x 1 %; manufactured by Terumo Corporation) were affixed to the tip of the prefilled
injection needles, and initial pressure and extrusion pressure when discharging the drugs at an extrusion speed of 100
mm/min. were measured using a testing machine ("EZ-TEST" manufactured by Shimadzu Corporation). Additionally,
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for the initial pressure measurement, samples stored for a month at 40 °C after production were used. The results are
shownin Table 2.

Initial pressure evaluation criteria:

AA (best): local pressure maximum when gasket starts moving not confirmed in data less than 5 mm from thestart

of compression.
A (good): local pressure maximum when gasket starts moving 30 N or lower in data less than 5 mm from thestart

of compression.
B (poor): local pressure maximum whengasket starts moving over 30Nin data of less than 5 mm from the start of
compression.

Extrusion pressure evaluation criteria:

A (good): dispersion in extrusion pressure within 5 N and extrusion pressure maximum 30 N or lowerin data 5 mm
or greater from the start of compression.
B (poor): dispersion in extrusion pressure over 5 N and extrusion pressure maximum over 30 N in data 5 mm or

greater from the start of compression.

[0082]

[Tabie 2] 

Kinematic viscosity of
silicone off applied on barrel

cSt
18 18 18 18 18Average application amount

per 1 cm® ofsiliconeoil on
barrel (ug)

Kinematic viscosity of
silicone oi! applied on

Average application amount
per 1 cm‘ of silicone oil on

gasket (19

Glare

initial pressure after one
month storage

 

 

Extrusion pressure

 

Comparative
Example 3

Comparative
Example 4

Comparative
Example 5
 

Average application amount
per 1 cm’ of silicane oil on

barrel (pg}

oil applied on gasket (cSt

Average application amaunt
per 1 cm’ ofsilicone oil on

asket (pic

Glare

Initial pressure after ane
month storage

Extrusion pressure

In the form of

unsprayable
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[0083] As shownin the above Table 2, the prefilled syringes on which a silicone film was formed satisfying the pre-

determined conditions according to the invention (Examples 2 to 6) were observed to have no silicone oil contaminating
the drugs and no glare on the inner peripheral surface of the barrels, and they exhibited excellent properties in terms of
slidability. In particular, when the silicone oil was also applied at the predetermined amountto the surface of the gaskets,
the initial pressure could be suppressed so muchthat a local maximum was not observed.

[0084] On the other hand, when the kinematic viscosity of the silicone oil was too low (Comparative Example 2), while
it was fine in terms of glare, the sliding resistance was unstable and someturbidity in the drug, i.e. incorporation of

silicone oil, was observed. Moreover, whenthe kinematic viscosity of the silicone oil was too high (Comparative Example
3), it could not be evenly sprayed in the form of fine particulates, and adhered unevenly as droplets with diameters

ranging from several hundred pm to several mm, as a consequence of which there were portions where it was not
applied and portions where it was excessively applied, and glare, and unstable sliding resistance were confirmed.
[0085] Further, even if the kinematic viscosity was within the optimal range, when the application amountof the silicone
oil was too high (Comparative Example 4), glare was confirmed on the inner peripheral surface of the barrel, and

intermixture of the silicone oil in the drug was observed. Additionally, when the amountofsilicone oil applied to the
surface of the gasket was too high (Comparative Example 5), intermixture of the silicone oil into the drug was observed.

<Example 7>

[0086] On the inner peripheral surface of a 5 ml volume barrel formed with a COP resin as the main ingredient, and

produced and inspected by controlling the tolerance of the outer diameter to 15.05 + 0.1 mm, the inner diameter to
12.45 + 0.05 mm, the full length to 79.0 + 0.2 mm, and the flange diameter 0 to 22.0 + 0.2 mm,a silicone oil of a

kinematic viscosity of 5,000 cSt ("KF-96" manufactured by Shin-Etsu Chemical Co., Ltd.) was sprayed under the following

conditions to form a silicone film where the average application amount was 18 ug per 1 cm2. A thermoplastic saturated
norbornene resin composition commercially available as Zeonex (trademark) from the (Japan) Zeon Corporation was

used as the COPresin. Additionally, during the production and inspection of the barrel, the tolerance control of the inner
diameter (+ 0.05 mm) wasparticularly strictly observed.
(Silicone oil spraying conditions)
Spraying time: 0.05 second
Air pressure: 0.5 MPa

Silicone oil heating temperature: 180 °C
Nozzle diameter: 1.0 mm

[0087] On the other hand, a gasket made of butyl rubber, a kind of rubber material whose surfaceis not resin treated,
was produced and inspected by controlling the tolerance of the outer diameter 0 to 12.70 + 0.10 mm (first ridge portion),
@ to 12.0 + 0.10 mm (valley portion) and full length to 10.0 + 0.30 mm. Additionally, since a butyl rubber was used for
this gasket, the dimensional changes dueto autoclavesterilization were small as compared to general gaskets, and
even when sterilized, would be kept within a tolerance range of + 0.10 mm. Additionally, the gasket was applied with

the silicone oil (KF-96-5000cs manufactured by Shin-Etsu Chemical Co., Ltd.) at 0.1 mg per 1 cm? area.

<Comparative Example 6>

[0088] Asyringe was preparedin basically the same manner as Example 7 but differed in that a gasket of butyl rubber

whosesurface was laminated with a tetrafluoroethylene resin film, having a tolerance of an outer diameter @ of 12.70

+ 0.10 mm (first ridge portion), @ of 12.0 + 0.10 mm (valley portion) and full length of 10.0 + 0.30 mm was used and
silicone oil was not applied.
[0089] Additionally, the gaskets of Example 7 and Comparative Example 6 were preliminarily checked for how the
dimensionsof the gaskets before autoclaving would change after autoclaving. The results revealed that there was almost
no dimensional changein the gasket of Example 7 consisting of butyl rubber whose surface wasnotresin treated after
autoclaving as compared to before autoclaving, and dimensional accuracy was kept within the tolerance range (data

not shown). On the other hand, it was revealed that there was a large dimensional changein the gasket of Comparative
Example 6 made of butyl rubber whose surface was laminated with a tetrafluoroethylene resin film after autoclaving as
comparedto before autoclaving, and the dimensional accuracy for the outer diameter @ became 12.70 + 0.20 mm (first
ridge portion), @ 12.0 + 0.20 mm (valley portion) and full length 10.0 +0.40 mm after autoclaving.

<Comparative Example 7>

[0090] A syringe was preparedin basically the same manner as Example 7 but differed in that a 5 ml volume barrel
formed with a COPresin as the main ingredient, and produced and inspected by controlling the tolerance of the outer
diameter to 15.05 + 0.1 mm, the inner diameter to 12.45 + 0.20 mm, the full length to 79.0 + 0.2 mm and theflange
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diameter @ to 22.0 + 0.2 mm was used.

<Slidability and air-tightness tests>

[0091] Since the most lenient combined tolerances in Example7 for the barrel inner diameter @ is 12.50 mm and for

the first ridge portion of the gasket © is 12.60 mm, the difference between them is 0.10 mm. Even in that case, when
real liquid leakage tests were performed as described below,the ability to secure air-tightness was confirmed. On the

other hand, since the tightest combined tolerances in Example 7 for the barrel inner diameter © is 12.40 mm andfor the
first ridge portion of the gasket @ is 12.80 mm, the difference between them is 0.40 mm. Even in that case, a good
slidability was confirmed (data not shown).

<Real liquid leakage test>

[0092] Inorder to confirm that the drug solution would not leak from the gaps in the gasket even when a certain degree
of pressure was applied, real liquid leakage tests were performed in accordance with the following steps.

1) affix an injection needle sealed at the tip onto the syringe.
2) push the plunger rod using an extrusion tester (EZ-TEST manufactured by Shimadzu Corporation), adjust the

position of the pusher suchthat the extrusion pressurewill be within a range of 19 to 24 N, and keep for 30 seconds.
3) remove the syringe, and visually confirm whether the drug solution has leaked from the gap of the gasket.

According to the results, in the case of Example 7, real liquid leakage tests were performed n = 50 times, but there was
no sample where drug solution leakage occurred, so the ability to secure air-tightness was confirmed.

<Initial pressure and maximum pressure tests>

[0093] In the following sliding resistancetest, injection needles (23 G x 1 %4; manufactured by Terumo Corporation)

wereaffixed to the tip of the syringes and plungers wereaffixed thereto, the extrusion pressures when compressing the
plungers at a speed of 100 mm/min. were measured using an extrusion tester (EZ-TEST manufactured by Shimadzu
Corporation). Table 3 shows the results of measurementsofthe initial pressure (extrusion pressure at a peak appearing

within 5 mm from the start of compression) in ten syringes of each sample in a state notfilled with drug solutions. Table
4 shows the results of measuring the maximum pressure (maximum value of the extrusion pressure) in 10 syringes of
each samplefilled with drug solutions.

 

  
[0094]

[Table 3]

Averagevalueofinitial pressure ateach numberofdays of storage (N)

Comparative Example 6 11.5 12.1 13.7

Comparative Example 7 13.7 16.1 16.2

[0095]

[Table 4]

Sample Average value of maximum pressure at each numberof days of storage (N)

 
Comparative Example 6 25.9 25.6 24.5 

Comparative Example 7 31.0 31.8 32.1 

[0096] As shown above, when comparing Example 7 and Comparative Example7 in Table 3, it is clear that the control

14

Regeneron Exhibit 1002.0894



10

15

20

25

30

35

40

45

50

55

EP 2 371 406 A1

of gasket tolerances greatly improvedtheinitial pressure (locking). Additionally, from Table 4, it is clear that the control

of gasket tolerances also improved the maximum pressure.

<Tests for comparing slidability in samples with different viscosities>

[0097] After filling the syringes of Example 7 and Comparative Example 7 with solutions of different viscosities and
storing them at 40 °C for one month, slidability was measured and compared (same gaskets). The test results are shown
in Table 5.

[0098]

[Table 5]

Syringe used Loaded liquid Viscosity of loadedliquid Maximum pressure (N)

(mPa‘s)

Example 7 1% hyaluronic acid solution 25000 23.8

(weight average molecular
weight 3,000,000)

1% hyaluronic acid solution 1800
(weight average molecular

weight 800,000)

Comparative Example 7 1 % hyaluronic acid solution
(weight average molecular

weight 3,000,000)

1% hyaluronic acid solution
(weight average molecular

weight 800,000)

Water 1 11.2

 
 

[0099] As shownin Table 5, the maximum pressure changesgreatly with the viscosity of the drug solution. As such,

itis clear that the higher the viscosity of a drug solution, the greater the need to control the tolerances in order to suppress
the maximum pressure.

<Example 8 to 13 and Comparative Examples 8 to 12>

[0100] he inner peripheral surface of a 5 ml volume barrel that was formed with a COP resin as the main ingredient,

had a cylindrical outer diameter of 15.05 mm, a cylindrical inner diameter of 12.45 mm and a full length of 79.0 mm, was
sprayed with a silicone oil of a kinematic viscosity of 5,000 cSt ("KF-96-5000cs" manufactured by Shin-Etsu Chemical

Co., Ltd.) under the following conditions to be within a range of 0 to 150 wg per 1 cm2. A thermoplastic saturated
norbornene resin composition commercially available as Zeonex (trademark) from the (Japan) Zeon Corporation was
used as the COP resin.

(Silicone oil spraying conditions)

Spraying time: 0.05 second
Air pressure: 0.5 MPa
Silicone oil heating temperature: 180 °C
Nozzle diameter: 1.0 mm

A prefilled syringe was assembled by attaching a cap memberto this barrel, then loading 2.9 ml of an aqueoussolution
of 1% high molecular weight sodium hyaluronate with a weight average molecular weight of 3,000,000 (viscosity = 25,000

mPa:s), and capping it with a gasket coated with the samesilicone oil as above at 0.10 mg per 1 cm.

<Angle of refraction measurement>

[0101] To measure the angle of refraction of the above prefilled syringe, as shownin Fig.2, the following device,
conditions and method were used.

15
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(Device)

[0102]

- Laser oscillator: RX-4N (manufacture by Sakura Color Products Corp. Japan)

- Beam width ("A") of light beam shonefrom laser oscillator: 2 mm
- Wavelength: 650 nm

- Output: less than 1 mW

(Conditions)

[0103]

- Distance from laseroscillator to central axis of prefilled syringe: 50 mm
- Distance ("L") from central axis of prefilled syringe to projection plate: 200 mm
- Site of incidence: center of the region in the barrelfilled with the drug on the central axis of the barrel

(Method)

[0104]

- for the portion filled with the drug in each prefilled syringe, measure the width ("D") in the direction of the central
axis of the image projected on the projection plate in three installments by rotating 120° each time with the central
axis as the rotation axis, and calculate the average.

- based on the obtained width of projection ("D"), the optical width of the light beam shone ("A"), and the distance
from the central axis of the prefilled syringe to the projection plate ("L"), calculate angle of refraction 9.

<Glare evaluation>

[0105] Thepresence of glare onthe inner peripheral surfaceof the barrel of eachprefilled syringe was visually evaluated

by a groupof five panelists consisting of skilled quality inspectors.
Glare evaluation criteria:

A (good): no glare observed.
B (poor): glare observed.

<Sliding resistance evaluation>

[0106] Thesliding resistance betweenthe barrel and gasket of each prefilled syringe was evaluated using the following
criteria.

AA (best): local pressure maximum whengasket starts moving not confirmed, and no variation in extrusion pressure
after gasket starts moving.
A (good): pressure when gasketstarts moving being within the permitted range, and no variation in extrusion pressure
after gasket starts moving.

B (poor): pressure when gasket starts moving being within the permitted range, but variations present in extrusion
pressure after gasket starts moving.

[0107] The measurement and evaluation results are shown in Table 6 below.
[0108]

[Table 6]

Application Projection image Angle of Sliding resistance
amountofsilicone width (D) (mm) Refraction 8 (°)

oil (ug/cm?) 
Example 8 

16
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(continued)

Application Projection image Angle of

amountofsilicone width (D) (mm) Refraction 8 (°)

oil (ug/cm?)

Example 9 

Example 10

Example 11

Example 12

Example 13

Comparative
Example 8

Comparative

Example 9 

Comparative
Example 10 

Comparative
Example 11

Comparative
Example 12

[0109] As shownin the above Table 6, no glare was observed on the inner peripheral surfacesof barrels of the prefilled
syringes with angles of refraction within a rangeof 0.1 to 0.5° (Examples 8 to 13), and they exhibited excellent slidability.
On the other hand, glare was confirmed onthe inner peripheral surface of the barrel when the angle of refraction exceeded

the range of 0.1 to 0.5° (Comparative Examples 9 to 12). Additionally, when a silicone oil was not applied to the inner
peripheral surface of the barrel (Comparative Example 8), no glare was confirmed, but sliding resistance was confirmed
to be unstable.

[0110] The present invention has been explained with reference to examples above. These examples are only exem-
plifications, and those skilled in the art will recognize that various modifications are possible, and that such modifications
are also within the scope of the present invention.

 
Claims

1. A syringe having a resin barrel, a gasket slidably inserted in the barrel, a plunger attached to the gasket, anda
silicone film formed by applying a silicone oil having a kinematic viscosity of 500 to 10,000 cSt to the inner peripheral

surface of said barrel in an amount of 5 to 50 wg per 1 cm2of area.

2. The syringe according to claim 1, characterized in that a silicone oil having a kinematic viscosity of 500 to 10,000

cSt is applied to the surface of said gasket at 0 to 0.3 mg per 1 cm? of area.

3. The syringe according to claim 1 or 2, wherein the tolerance of the inner diameter of said barrel is controlled to be
at most + 0.10 mm.

4. The syringe according to any one of claims 1 to 3, characterized in that said barrel consists of a thermoplastic
saturated norbornene resin composition.

5. Thesyringe according to any one of claims 1 to 4, wherein said gasket has a maximum outer diameter greater than
the inner diameter of said barrel, and the difference between the maximum outer diameter of said gasket and the
inner diameter of said barrel is at least 0.02 mm and at most 0.50 mm.

6. The syringe according to claim 5, wherein said gasket has a plurality of ridge portions, the outer diameterof a first
ridge portion closestto the tip among said plurality of ridge portions corresponding to said maximum outer diameter.

17
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The syringe according to any one of claims 1 to 6, wherein the tolerance of the maximum outer diameter of said

gasket after autoclave sterilization is controlled to be + 0.10 mm

The syringe according to any one of claims 1 to 7, wherein said gasket consists of a rubber or thermoplastic elastomer.

The syringe according to claim 8, wherein said rubber is butyl rubber.

The syringe according to any one of claims 1 to 9, wherein whenshining an incident beam with a wavelength of
635 nm to 690 nm and a beam width of at most 3.0 mm on the barrel filled with a drug with an optical axis orthogonally
intersecting the central axis of the barrel, the angle of refraction from the optical axis of a transmitted beam scattered
in the same direction as said central axis is within a range of 0.1 to 0.5°.

The syringe according to any oneof claims 1 to 10, whichis a prefilled syringe having a cap membersealing the

tip opening of said barrel and a drug loadedinside said barrel.

The syringe according to claim 11, characterized in that said drug has a viscosity of 1,000 to 60,000 mPa:s.

The syringe according to claim 11 or 12, wherein said drug is an aqueous sodium hyaluronate solution.

18
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Antigen-binding proteins

Background

Vision loss has become a major health problem for developed economies. Blindness

or poorvision affects over 3 million US citizens over the age of 40 years and this

increases significantly with age. For example, those aged 80 years old or greater

comprise about 8% of the US population but nonetheless account for almost 70% of

blindness. Eye diseases that are typically associated with age include age related

macular degeneration (AMD), cataracts, diabetic macular edema, retinal vein

occlusion (RVO) and glaucoma.

Age-related macular degeneration (AMD)is the leading cause of blindnessin the

developed world. There are two majorclinical presentations of AMD. Atrophic (dry)

AMDis characterised by the degeneration of retinal pigment epithelial (RPE) and

neuroretina. The early stages of atrophic AMD are associated with the formation of

drusen, under the RPE cell layer. Early atrophic AMD can progress to an end stage

disease where the RPE degenerates completely and forms sharply demarcated

areas of RPE atrophyin the region of the macula: “geographic atrophy”. In this form

of the disease, the degeneration of RPE results in the secondary death of macular

rods and conesandin these casesthis leads to the severe age-related vision loss.

A proportion of AMD patients develop what can either be regarded as a different form

or a further complication of the disease. Approximately 10-20% of AMD patients

develop choroidal neovascularisation (CNV). When this occurs the form of the

disease is Known as ‘"wet AMD”andthis can be associated with some of the most

severe vision loss. In wet AMD, new choroidal vessels grow through breaksin

Bruch’s membraneandproliferate into and under the RPE and neuroretina. There

are currently no definitive means of treatment for the very prevalent atrophic form of

AMD norto prevent the progression of early dry AMD either to geographic atrophy or

to wet AMD, (Petrukhin K, Expert Opin Ther Targets (2007) 11: 625-639).

Diabetic macular edema (DME)is the most frequent causeof loss of reading vision in

diabetic patients. The prevalence of DMEin individuals who have had diabetes for 29

years or more is approximately 30% (Klein R et al Ophthalmology 1984: 91; 1464-

1474). DMEis associated with increased levels of IL-6, VEGF and other cytokines,

with a generalised breakdownof the bloodretinal barrier with leakage from abnormal

retinal capillaries and microaneurysmsdeveloping in the sub retinal space. The goal
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of current DME treatmentis to reduce the edema and leakage leading to improved

visual acquity. Good glycemic control and laser photocoagulation or antiangiogenic

treatment aim to prevent or delay further deterioration of the central macular region of

the diabetic eye. Intravitreal injection of corticosteroids have also been used.

Retinal vein occlusion occurs subsequentto obstruction of the blood flow through a

retinal vein. This might be due to clot formation or pressure increases in closely

associated retinal arteries due to diabetes, glaucoma or high blood pressure. The

reduced blood flow out of the retina leads to a generalised increase in blood pressure

in ocular blood vessels and reduced oxygenlevels in the eye. This in turn leads to

abnormalblood vessel growth, hemorraging and edema, tissue damage and vision

loss. There are two main forms of RVO, branch retinal vein occlusion (BRVO) and

central retinal vein occlusion (CRVO). Sudden blurring or loss of vision is the

commonfeature of RVO. Intraocular corticosteroids have been used to treat RVO,

albeit with the associated risk of cataract development and raised intraocular

pressure (Kiernan DFet al Exp Opinion in Pharmacotherapy 2009 10(15) 2511-

2525). The prevalence of RVO ranges from ~ 0.2% (CRVO) to ~0.7% (BRVO).

Uveitis predominantly affects people of working age and comprises an inflammation

of the uveal tract(iris, ciliary body and choroid). Anterior uveitis is the most common

form of uveitis making up about 75% of uveitis cases and it and mainly affects theiris

and ciliary body. Uveitis is regarded as an autoimmune disease and whilst the

etiology remains unknown an association with HLA-B27 is present in about 50% of

cases. Inflammation involving the posterior uveal tract (i.e. the choroid) is Known as

posterior uveitis and secondary involvementofthe retina is common. Uveitis is

predominantly an inflammatory disease with infiltration of CD4 T-cells into the ocular

compartment(Paroli MP et al 2007 17(6) 938-942 Eur J Ophthalmology).

Corticosteriods are again the mainstayfor treatment either given topically,

periocularly or systemically.

TNF-a (Tumour Necrosis Factor-a) is a pro-inflammatory cytokine which has been

associated with a numberof ophthalmic inflammatory conditions (Theodossiadis et

al., Am. J. Ophthalmol. (2009) 147: 825-830).

VEGF (Vascular Endothelial Growth Factor) and VEGF-receptors are known to

stimulate both choroidal and retinal vessel angiogenesis and regulate the vascular

permeability of such vessels. (Gragoudaset al/., N. Engl. J. Med (2004) 351: 2805)

2
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Neovascularisation and leakage are prominentfeatures of the wet form of age-

related macular degeneration. An aptamer, pegaptanib (Macugen™), which

neutralises the VEGF-A isoform 165, and ranibizumab (Lucentis™) which blocksall

isoforms of VEGF-A, have now been approvedfor use.

The inflammatory responsealso plays a significant pathophysiological role in

neovascularisation (Sakuri et a/., Invest Ophthalmol Vis Sci (2003) 44: 5349-5354;

Oh et a/. Invest Ophthalmol Vis Sci (1999) 40: 1891-1898;Shiet a/., Exp Eye Res

(2006) 83: 1325-1334.

Literature references relating to TNFa antagonists include Olson et a/., Arch

Opthalmol (2007) 125: 1221-1224; Shi ef al., Exp Eye Res (2006) 83: 1325-

1334Kocioket a/., Invest Ophthalmol Vis Sci (2006) 11: 5057-5065Markomichelakis

et al. Am J Ophthalmol (2005) 139: 537-540.

Studies indicate that intravitreal injections of infliximab mayelicit a severe

intracocular inflammatory reaction that appears to be dose related. Such adverse

events were not seen with adalimumab (Program 4247, Poster D913, Intravitreal

TNF inhibitors in the Treatment of Refractory Diabetic Macular Edema:A Pilot Study

from the Pan American Collaborative Retina Study Group and Program 4749, Poster

D1087, Ocular and Systemic Safety of Intravitreal TNF Inhibitors: A Pilot Study From

the Pan American Collaborative Retina Study Group, The Association for Research

in Vision and Ophthalmology (ARVO) May 2-6 2010. Ft. Lauderdale USA).

There is a need for treatment regimes which are effective at preventing ophthalmic

disease progression and provide improved vision for a wider group of patients.

Summary of invention

The present invention relates to the combination of a TNFa antagonist and a VEGF

antagonist, specifically for use in treating diseases of the eye.

Both anti-VEGF and anti-TNF approaches havea basis in treating AMD, and

mechanistically these modalities may not overlap, such that a patient who does not
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respond successfully to an anti-VEGF approach therapy may respond to an anti-TNF

treatment and vice versa.

The anti-inflammatory benefit of an anti-TNF combined with the anti-angiogenic

activity of an anti-VEGF molecule will provide improved efficacy in treating such eye

diseases.

The administration of a combination of an individual TNFa antagonist and an

individual VEGF antagonist(i.e. separate TNFa and VEGF antagonist molecules)is

covered by the present invention. In addition, the administration of a single construct

with dual targeting functionality that acts as both a TNFa antagonist and a VEGF

antagonist(i.e. able to bind to and inhibit, preferably block, the function of TNFa ora

TNFa receptor, and bind to andinhibit, preferably block, the function of VEGF or a

VEGF receptor) is covered by the present invention. The single construct may be

based on an antibody scaffold or other such suitable scaffold. Receptor-Fc fusions

are also considered part of the invention.

The present invention relates in particular to antigen binding proteins.

In particular, the present invention relates to a TNFa/VEGFdual targeting single

construct wherein the TNFa antagonist portion is or is derived from a humananti-

TNFa antibody. The TNFa antibody may be adalimumabor golimumab.

The present invention in particular relates to an antigen-binding protein comprising a

protein scaffold whichis linked to one or more epitope-binding domains wherein the

antigen-binding protein has at least two antigen-binding sites at least one of whichis

from an epitope binding domain andat least one of which is from a paired Vi/V_

domain, and wherein at least one of the antigen-binding sites is capable of binding to

TNFa or a TNFa Receptor e.g. TNFR1, and at least one of the antigen binding sites

is capable of binding to VEGF or a VEGF Receptor, e.g. VEGFRz2, for use in treating

diseasesof the eye.

A receptor-Fc fusion whichis linked to one or more epitope-binding domainsis also

part of the invention e.g. a TNFa receptor-Fc fusion linked to a VEGF or VEGF

receptor-binding domain, or a VEGF receptor-Fc fusion linked to a TNFa or a TNFa

receptor-binding domain.
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The present invention provides a dual targeting antigen binding molecule comprising

a TNFa antagonist portion, a VEGF antagonist portion and a linker connecting said

TNFaantagonist portion to said VEGF antagonist portion, wherein the TNFa

antagonist portion comprises an amino acid sequence of any one of the TNFa

antagonists listed in table 1; the VEGF antagonist portion comprises an amino acid

sequenceof any one of the VEGF antagonistslisted in table 2; the linker is an amino

acid sequence from 1 — 150 amino acidsin length; and the dual targeting molecule is

not DMS4000 or DMS4031. The linker may also be a non-peptide basedlinker,

including, for example, polyethylene glycol (PEG) and PEG basedlinkers.

The invention also provides a polynucleotide sequence encoding an antigen binding

protein of the invention e.g. a polynucleotide sequence encoding a heavy chain of

any of the antigen-binding proteins described herein, and a polynucleotide encoding

a light chain of any of the antigen-binding proteins described herein. Such

polynucleotides represent the coding sequence which correspondsto the equivalent

polypeptide sequences. Howeverit will be understood that such polynucleotide

sequences could be cloned into an expression vector along with a start codon, an

appropriate signal sequence and a stop codon.

The invention also provides a recombinant transformed or transfected hostcell

comprising one or more polynucleotides encoding an antigen binding protein of the

invention e.g. a heavy chain and a light chain of an antigen-binding protein described

herein.

The invention further provides a methodfor the production of any of the antigen-

binding proteins described herein which method comprises the step of culturing a

host cell comprising at least one vector comprising a polynucleotide encoding an

antigen binding protein of the invention, e.g. a first and second vector, said first

vector comprising a polynucleotide encoding a heavy chain of an antigen-binding

protein described herein and said second vector comprising a polynucleotide

encoding a light chain of an antigen-binding protein described herein, in a suitable

culture media, for example serum-free culture media.

The invention provides a pharmaceutical composition suitable for systemic delivery

or topical delivery to the eye comprising an antigen-binding protein as described

herein and a pharmaceutically acceptable carrier. The pharmaceutical composition of

the invention may additionally comprise a further active agent.

5
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The invention provides a TNFa antagonist selected from the group consisting of

adalimumab, infliximab, etanercept, ESBA105, PEP1-5-19, PEP1-5-490, PEP 1-5-

493, an adnectin of SEQ ID NO:2, golimumab,certolizumab, ALK-6931, and an

antibody comprising a heavy chain of SEQ ID NO:30 and a light chain of SEQ ID

NO:31, for use in preventing or treating an eye disease, wherein the TNFa antagonist

is to be administered in combination with a VEGF antagonist selected from the group

consisting of bevacizumab, ranibizumab, r84, aflibercept, CT01, DOM15-10-11,

DOM15-26-593, PRS-050, PRS-051, MP0012, CT-322, ESBA903, EPI-0030, EPI-

0010 and DMS1571.

The invention also provides a VEGF antagonist selected from the group consisting of

bevacizumab, ranibizumab,r84,aflibercept, CT01, DOM15-10-11, DOM15-26-593,

PRS-050, PRS-051, MP0012, CT-322, ESBA903, EPI-0030, EPI-0010 and

DMS1571, for use in preventing or treating an eye disease, wherein the VEGF

antagonist is to be administered in combination with a TNFa antagonist selected from

the group consisting of adalimumab, infliximab, etanercept, ESBA105, PEP 1-5-19,

PEP1-5-490, PEP 1-5-493, an adnectin of SEQ ID NO:2, golimumab,certolizumab,

ALK-6931, and an antibody comprising a heavy chain of SEQ ID NO:30 andalight

chain of SEQ ID NO:31.

The invention also provides a dual targeting antigen binding molecule comprising a

TNFaantagonist portion, a VEGF antagonist portion and a linker connecting said

TNFa antagonist portion to said VEGF antagonist portion, wherein:

the TNFa antagonist portion comprises an amino acid sequence of any one of

the TNFa antagonists listed in table 1;

the VEGF antagonist portion comprises an amino acid sequence of any one

of the VEGF antagonistslisted in table 2;

the linker is an amino acid sequence from 1 — 150 amino acids in length; and

the dual targeting molecule is not DMS4000 or DMS4031.

The invention also provides a dual targeting antigen binding molecule comprising a

TNFa antagonist portion, a VEGF antagonist portion and a linker connecting said

TNFa antagonist portion to said VEGF antagonist portion, wherein:

the TNFa antagonist portion comprises an amino acid sequence of any one of

the TNFa antagonists listed in table 1;
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the VEGF antagonist portion comprises an amino acid sequence of any one

of the VEGF antagonistslisted in table 2;

the linker is an amino acid sequence from 1 — 150 amino acids in length; and

wherein the dual targeting antigen binding molecule is for use in preventing or

treating a disease of the eye andis to be administered intravitreally every 4-6 weeks.

The invention also provides an antigen binding protein comprising the heavy chain

sequence of SEQ ID NO:69, 70, 71 or 72 and the light chain sequence of SEQ ID

NO:12.

A method of preventing or treating a patient afflicted with an eye disease comprising

administering a prophylactically or therapeutically effective amount of a composition

or dual targeting protein as disclosed herein systemically or topically to the eye of the

patient is also provided.

Brief description of the figures

Figure 1 shows SDS-PAGE analysis of the anti-TNFa/anti-VEGF mAb-dAb,

DMS4000.

Figure 2 shows SECprofile of the anti-TNFa/anti-VEGF mAb-dAb, DMS4000.

Figure 3 shows Anti-VEGF activity of DMS4000 .

Figure 4 shows Anti-TNFa activity of DMS4000.

Figure 5 shows (PK) properties of DMS4000.

Figure 6 showsthe results of an ELISA and confirmsthat bispecific BPC1821 binds

to both VEGFR2 and B/7-1.

Figure 7 showsthe results of an ELISA and confirmsthat bispecific BPC1825 shows

binding to both VEGFand B7-1.

Figure 8 depicts a matrix for constructing dual-targeting antigen binding molecules of

the invention.
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Figure 9 shows BlAcore analysis for the PEP-DOM construct

Figure 10 shows BlAcore analysis for the PEP-DOM construct(close up of

TNF/VEGF binding region of Figure 9 binding curve)

Figure 11 is a graphical representation of data presented in Table 10.

All compounds were administered byintravitreal injection in a volume of 2ul. Black

bars represent day 7 results. White bars represent day 14 results.

Figure 12 is a graphical representation of data presented in Table 11.

All compounds were administered by intravitreal injection in a volume of 2ul. Black

bars represent day 7 results. White bars represent day 14 results.

Figure 13 showsinfrared (IR, upperleft panel), autofluorescence (AF, lowerleft

panel) and fluorescien angiography (FS, large panel) at 7 (FS 1st) and 14 days (FS

2nd) after laser PC - showing example images. 1. Vehicle treated eyes, 2. eyes

treated with 2ug DMS1571 and8. eyes treated with 30ug Enbrel™. It is notable that

the CNV lesions appear more punctuate and less diffuse than lesions responding to

treatment with DMS1571.

Figure 14 is a graphical representation of data presented in Table 12.

All compounds were administered byintravitreal injection in a volume of 2ul

Figure 15 shows example photomicrographsof flat-mounted retinae stained with ED1

mab. Panels 1A-1B and panel Enbrel 8.4 show flat-mounts of retinas from eyes

treated with anti-VEGF (DMS1571) (1A), Vehicle only (1B) or Enbrel (Enbrel 8.4).

Macrophages, associated with laser burn site, visualised with ED1 (CD 68,black)

X20. Panel 1D showsa Cryostat section (20um) of retina showing macrophages

(ED1+, black) associated with laser burn site which has penetrated to the inner

nuclear layer (INL) of the retina. RGC, retinal ganglion cell layer; BV, blood vessel.

x20.
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Definitions

The term ‘Protein Scaffold’ as used herein includes butis not limited to an

immunoglobulin (lg) scaffold, for example an IgG scaffold, which may be a four chain

or two chain antibody, or which may comprise only the Fc region of an antibody, or

which may comprise one or more constant regions from an antibody, which constant

regions may be of humanor primate origin, or which may beanartificial chimera of

human and primate constant regions. Such protein scaffolds may comprise antigen-

binding sites in addition to the one or more constant regions, for example where the

protein scaffold comprises a full IgG. Such protein scaffolds will be capable of being

linked to other protein domains, for example protein domains which have antigen-

binding sites, for example epitope-binding domains or ScFv domains.

The term ‘receptor-Fc fusion’ as used herein refers to a soluble ligand or extracellular

domain of a receptoror cell surface protein linked to the Fc region of an antibody.

Fragments of such soluble ligands or extracellular domains of a receptor orcell

surface protein are included within this definition providing they retain the biological

function of the full length protein, i.e. providing they retain antigen-bindingability.

A “domain”is a folded protein structure which has tertiary structure independent of

the rest of the protein. Generally, domains are responsible for discrete functional

properties of proteins and in many cases may be added, removedortransferred to

other proteins without loss of function of the remainder of the protein and/or of the

domain. An “antibody single variable domain”is a folded polypeptide domain

comprising sequencescharacteristic of antibody variable domains. It therefore

includes complete antibody variable domains and modified variable domains, for

example, in which one or more loops have been replaced by sequences which are

not characteristic of antibody variable domains, or antibody variable domains which

have been truncated or comprise N- or C-terminal extensions, as well as folded

fragments of variable domains which retain at least the binding activity and specificity

of the full-length domain.

A “humanised antibody” refers to a type of engineered antibody having its CDRs

derived from a non-human donor immunoglobulin, the remaining immunoglobulin-

derived parts of the molecule being derived from one or more human

immunoglobulin(s). In addition, framework support residues may bealtered to

preserve binding affinity (see, e.g., Queen et al. Proc. Natl Acad Sci USA, 86:10029-

10032 (1989), Hodgsonetal. Bio/Technology, 9:421 (1991)). A suitable human

9
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acceptor antibody may be one selected from a conventional database,e.g., the

KABAT® database, Los Alamos database, and Swiss Protein database, by homology

to the nucleotide and amino acid sequencesof the donor antibody. A human

antibody characterized by a homology to the framework regions of the donor

antibody (on an amino acid basis) may be suitable to provide a heavy chain constant

region and/or a heavy chain variable framework region for insertion of the donor

CDRs.A suitable acceptor antibody capable of donating light chain constantor

variable framework regions may be selected in a similar manner. It should be noted

that the acceptor antibody heavy and light chains are not required to originate from

the same acceptor antibody. The prior art describes several ways of producing such

humanised antibodies — see for example EP-A-0239400 and EP-A-054951. In an

embodiment, an antibody of the invention is a humanised antibody.

“CDRs”are defined as the complementarity determining region amino acid

sequencesof an antigen binding protein. These are the hypervariable regions of

immunoglobulin heavy and light chains. There are three heavy chain andthree light

chain CDRs (or CDR regions)in the variable portion of an immunoglobulin. Thus,

"CDRs"as used herein refers to all three heavy chain CDRs,all three light chain

CDRs,all heavy and light chain CDRs,or at least two CDRs.

A “CDR variant” includes an amino acid sequence modified by at least one amino

acid, wherein said modification can be chemical or a partial alteration of the amino

acid sequence (for example by no more than 10 amino acids), which modification

permits the variant to retain the biological characteristics of the unmodified sequence.

For example, the variant is a functional variant which binds to and neutralises IL-18.

A partial alteration of the CDR amino acid sequence may be by deletion or

substitution of one to several amino acids, or by addition or insertion of one to

several amino acids, or by a combination thereof (for example by no more than 10

amino acids). The CDR variant may contain 1, 2, 3, 4, 5 or 6 amino acid

substitutions, additions or deletions, in any combination, in the amino acid sequence.

The CDRvariant or binding unit variant may contain 1, 2 or 3 amino acid

substitutions, insertions or deletions, in any combination, in the amino acid sequence.

The substitutions in amino acid residues may be conservative substitutions, for

example, substituting one hydrophobic amino acid for an alternative hydrophobic

amino acid. For example leucine may be substituted with valine, or isoleucine.

10
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The term “human antibody” refers to an antibody derived from human

immunoglobulin gene sequences. These fully human antibodies provide an

alternative to re-engineered, or de-immunized, rodent monoclonal antibodies (e.g.

humanised antibodies) as a source of low immunogenicity therapeutic antibodies and

they are normally generated using either phage display or transgenic mouse

platforms In an embodiment, an antibody of the invention is a human antibody.

The phrase “immunoglobulin single variable domain” refers to an antibody variable

domain (Vi, Van; V.) that specifically binds an antigen or epitope independently of a

different V region or domain. An immunoglobulin single variable domain can be

present in a format (e.g., homo- or hetero-multimer) with other, different variable

regions or variable domains where the other regions or domains are not required for

antigen binding by the single immunoglobulin variable domain (/.e., where the

immunoglobulin single variable domain binds antigen independently of the additional

variable domains). A “domain antibody”or “dAb”is the same as an “immunoglobulin

single variable domain” which is capable of binding to an antigen as the term is used

herein. An immunoglobulin single variable domain may be a human antibody

variable domain, but also includes single antibody variable domains from other

species such as rodent(for example, as disclosed in WO 00/29004), nurse shark and

Camelid Vin dAbs. Camelid Vy, are immunoglobulin single variable domain

polypeptides that are derived from species including camel, llama, alpaca,

dromedary, and guanaco, which produce heavy chain antibodies naturally devoid of

light chains. Such Vyy domains may be humanised according to standard techniques

available in the art, and such domainsare still considered to be “domain antibodies”

according to the invention. As used herein “Vy includes camelid Vij, domains. NARV

are anothertype of immunoglobulin single variable domain which were identified in

cartilaginous fish including the nurse shark. These domains are also Known as Novel

Antigen Receptor variable region (commonly abbreviated to V(NAR) or NARV). For

further details see Mol. Immunol. (2006) 44: 656-665 and US20050043519A.

The term “Epitope-binding domain” refers to a domain that specifically binds an

antigen or epitope independently of a different V region or domain, this may be a

domain antibody (dAb), for example a human, camelid or shark immunoglobulin

single variable domain or it may be a domain whichis a derivative of a scaffold

selected from the group consisting of CTLA-4 (Evibody); lipocalin; Protein A derived

molecules such as Z-domain of Protein A (Affibody, SpA), A-domain

(Avimer/Maxibody); Heat shock proteins such as GroEl and GroES; transferrin (trans-

11
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body); ankyrin repeat protein (DARPin); peptide aptamer; C-type lectin domain

(Tetranectin); human y-crystallin and human ubiquitin (affilins); PDZ domains;

scorpion toxinkunitz type domains of human proteaseinhibitors; and fibronectin

(adnectin); which have been subjected to protein engineering in order to obtain

binding to a ligand other than the natural ligand.

CTLA-4 (Cytotoxic T Lymphocyte-associated Antigen 4) is a CD28-family receptor

expressed on mainly CD4+ T-cells. Its extracellular domain has a variable domain-

like lg fold. Loops corresponding to CDRsof antibodies can be substituted with

heterologous sequenceto confer different binding properties. CTLA-4 molecules

engineered to have different binding specificities are also Known as Evibodies. For

further details see Journal of Immunological Methods (2001) 248 (1-2): 31-45.

Lipocalins are a family of extracellular proteins which transport small hydrophobic

molecules such assteroids, bilins, retinoids and lipids. They have a rigid B-sheet

secondary structure with a numberof loops at the open end of the conical structure

which can be engineeredto bind to different target antigens. Anticalins are between

160-180 amino acids in size, and are derived from lipocalins. For further details see

Biochim Biophys Acta (2000) 1482: 337-350, US7250297B1 and US20070224633.

An affibody is a scaffold derived from Protein A of Staphylococcus aureus which can

be engineeredto bind to antigen. The domain consists of a three-helical bundle of

approximately 58 amino acids. Libraries have been generated by randomisation of

surface residues. For further details see Protein Eng. Des. Sel. (2004) 17: 455-462

and EP1641818A1.

Avimers are multidomain proteins derived from the A-domain scaffold family. The

native domains of approximately 35 amino acids adopt a defined disulphide bonded

structure. Diversity is generated by shuffling of the natural variation exhibited by the

family of A-domains. Forfurther details see Nature Biotechnology (2205) 23(12):

1556 - 1561 and Expert Opinion on Investigational Drugs (June 2007) 16(6): 909-

917.

A transferrin is a monomeric serum transport glycoprotein. Transferrins can be

engineeredto bind different target antigens by insertion of peptide sequencesin a

12
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permissive surface loop. Examples of engineered transferrin scaffolds include the

Trans-body. For further details see J. Biol. Chem (1999) 274: 24066-24073.

Designed Ankyrin Repeat Proteins (DARPins) are derived from Ankyrin whichis a

family of proteins that mediate attachmentof integral membraneproteinsto the

cytoskeleton. A single ankyrin repeat is a 33 residue motif consisting of two a-helices

and a B-turn. They can be engineered to bind different target antigens by

randomising residuesin the first a-helix and a $-turn of each repeat. Their binding

interface can be increased by increasing the number of modules (a methodofaffinity

maturation). For further details see J. Mol. Biol. (2003) 332: 489-503; PNAS (2003)

100(4): 1700-1705; and J. Mol. Biol. (2007) 369: 1015-1028 and US20040132028A1.

Fibronectin is a scaffold which can be engineeredto bind to antigen. Adnectins

consists of a backboneof the natural amino acid sequenceof the 10th domain of the

15 repeating units of humanfibronectin type III (FN3). Three loops at one end of the

fB-sandwich can be engineered to enable an Adnectin to specifically recognize a

therapeutic target of interest. For further details see Protein Eng. Des. Sel. (2005) 18:

435-444, US20080139791, WO2005056764 and US6818418B1.

Peptide aptamers are combinatorial recognition molecules that consist of a constant

scaffold protein, typically thioredoxin (TrxA) which contains a constrained variable

peptide loop inserted at the active site. For further details see Expert Opin. Biol. Ther.

(2005) 5: 783-797.

Microbodies are derived from naturally occurring microproteins of 25-50 amino acids

in length which contain 3-4 cysteine bridges — examples of microproteins include

KalataB1 and conotoxin and Knottins. The microproteins have a loop which can be

engineeredto include up to 25 amino acids without affecting the overall fold of the

microprotein. For further details of engineered knottin domains, see WO2008098796.

Other epitope binding domains include proteins which have been used as a scaffold

to engineerdifferent target antigen binding properties including human y-crystallin

and human ubiquitin (affilins), Kunitz type domains of human proteaseinhibitors,

PD2-domainsof the Ras-binding protein AF-6, scorpion toxins (charybdotoxin), C-

type lectin domain (tetranectins), as reviewed in Chapter 7 — Non-Antibody Scaffolds

from Handbook of Therapeutic Antibodies (2007, edited by Stefan Dubel) and Protein

13
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Science (2006) 15:14-27. Epitope binding domains of the present invention could be

derived from any of these alternative protein domains.

A “dual variable domain immunoglobulin (DVD-Ig)” is a dual-specific, tetravalent

immunoglobulin G (lgG)-like molecule (Wu et a/. Nature Biotechnology (2007) 25:

1290-1297). A DVD-lg can be defined as a binding protein comprising a polypeptide

chain, wherein said polypeptide chain comprises VDI-(Xl)n-VD2-C-(X2)n, wherein

VDI is a first variable domain, VD2 is a second variable domain, C is a constant

domain, Xl represents an amino acid or polypeptide (linker), X2 represents an Fc

region and n is 0 or 1 (WO 2007024715). In the context of the present invention VDI

binds to TNFa or a TNFa receptor, and VD2 binds to VEGF or a VEGF receptor, or

vice versa.

As used herein, the terms “paired Vy domain”, “paired V._ domain”, and “paired Vi/V_.

domain(s)” refer to antibody variable domains which specifically bind antigen only

when paired with their partner variable domain. There is always one V,, and one VY,in

any pairing, and the term “paired V,, domain’ refers to the V,, partner, the term

“paired V_ domain”refers to the V_ partner, and the term “paired Vi/V_ domain(s)”

refers to the two domains together.

The term “antigen binding protein” as used herein refers to antibodies, antibody

fragments, for example a domain antibody (dAb), ScFv, FAb, FAbz, and other

protein constructs, such as receptor-Fc fusions, which are capable of binding to

TNFa and/or VEGF. Antigen binding molecules may compriseat least one Ig variable

domain, for example antibodies, domain antibodies, multiples of domain antibodies

e.g. dumbbells, dAb-dAbin-line fusions, Fab, Fab', F(ab')2, Fv, ScFv, diabodies,

mAbdAbs, DVD-lgs, affibodies, heteroconjugate antibodies or bispecifics, including a

bispecific antibody with a first specificity for TNFa or a TNFa receptor and a second

specificity for VEGF or a VEGF receptor. In one embodimentthe antigen binding

molecule is an antibody. In another embodiment the antigen binding moleculeis a

dAb, i.e. an immunoglobulin single variable domain such as a Vy, Vijor V__ that

specifically binds an antigen or epitope independently of a different V region or

domain. Antigen binding molecules may be capable of binding to two targets, i.e.

they may be dual targeting proteins. Antigen binding molecules may be a

combination of antibodies and antigen binding fragments such as for example, one or

more domain antibodies and/or one or more ScFvslinked to a monoclonalantibody.

Antigen binding molecules may also comprise a non-lg domain for example a domain

14
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which is a derivative of a scaffold selected from the group consisting of CTLA-4

(Evibody); lipocalin; Protein A derived molecules such as Z-domain of Protein A

(Affibody, SpA), A-domain (Avimer/Maxibody); Heat shock proteins such as GroEl

and GroES; transferrin (trans-body); ankyrin repeat protein (DARPin); peptide

aptamer; C-type lectin domain (Tetranectin); human y-crystallin and human ubiquitin

(affilins); PDZ domains; scorpion toxinkunitz type domains of human protease

inhibitors; and fibronectin (adnectin); which have been subjected to protein

engineering in order to obtain binding to TNFa and/or VEGF. As used herein

“antigen binding protein” will be capable of antagonising and/or neutralising human

TNFa and/or VEGF.In addition, an antigen binding protein may block TNFa and/or

VEGF activity by binding to TNFa and/or VEGF and preventing a natural ligand from

binding and/or activating the receptor.

As used herein “VEGF antagonist” includes any compound capable of reducing and/

or eliminating at least one activity of VEGF. By way of example, a VEGF antagonist

may bind to VEGF andthat binding maydirectly reduce or eliminate VEGF activity or

it may workindirectly by blocking at least one ligand from binding the receptor.

As used herein “TNFa antagonist” includes any compound capable of reducing and/

or eliminating at least one activity of TNFa. By way of example, a TNFa antagonist

may bind to TNFa and that binding may directly reduce or eliminate TNFa activity or

it may workindirectly by blocking at least one ligand from binding the receptor.

The term “specifically binds” as usedin relation to antigen binding proteins means

that the antigen binding protein binds to it’s target protein(s) (e.g. TNFa, TNFR,

BEGF, VEGFR)with no or insignificant binding to other (for example, unrelated)

proteins. The term, however, does not exclude the fact that an antibody to a target

protein in a given species (e.g. human) may also be cross-reactive with other forms

of the target protein in other species (e.g. a non-human primate).

The term “KD”refers to the equilibrium dissociation constant. In one embodimentof

the invention the antigen-binding site binds to antigen with a KD of at most 1mM, for

example a KD of 10nM, 1nM, 500pM, 200pM, 100pM,to each antigen as measured

by Biacore™. In one embodimentof the invention the antigen-binding site binds to

antigen with a KD 10nMor less, 1nM or less, 500pM or less, 200pM orless, 100pM

or less, to each antigen as measured by Biacore™.

15
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As usedherein, the term “antigen-binding site” refers to a site on a construct whichis

capable of specifically binding to antigen, this may be a single domain, for example

an epitope-binding domain,or it may be paired V./V_ domains as can be found on a

standard antibody. In some aspects of the invention single-chain Fv (ScFv) domains

can provide antigen-binding sites.

The terms “mAb/dAb” and dAb/mAb”are used herein to refer to antigen-binding

proteins of the present invention. The two terms can be usedinterchangeably, and

are intended to have the same meaning as used herein.

The term “constant heavy chain 1” is used herein to refer to the constant domain of

an immunoglobulin heavy chain, Cy1.

The term “constantlight chain” is used herein to refer to the constant domain of an

immunoglobulin light chain, C,.

The term “library” refers to a mixture of heterogeneous polypeptides or nucleic acids.

The library is composed of members, each of which hasa single polypeptide or

nucleic acid sequence. Tothis extent, “library” is synonymouswith “repertoire.”

A “universal framework”is a single antibody framework sequence corresponding to

the regions of an antibody conserved in sequence as defined by Kabat (“Sequences

of Proteins of Immunological Interest’, US Department of Health and Human

Services) or corresponding to the human germline immunoglobulin repertoire or

structure as defined by Chothia and Lesk, J. Mol. Biol. (1987) 196: 910-917.

Detailed description of Invention

The present invention provides compositions comprising a TNFa antagonist and/or a

VEGF antagonist suitable for use in the eye. The present invention also provides the

combination of a TNFa antagonist and a VEGF antagonist, for use in preventing or

treating diseases of the eye. The present invention also provides a method of

preventing or treating diseases of the eye by administering a TNFa antagonistin

combination with a VEGF antagonist. The TNFa antagonist and the VEGF antagonist

may be administered separately, sequentially or simultaneously.
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The administration of a combination of an individual TNFa antagonist and an

individual VEGF antagonist(i.e. separate TNFa and VEGF antagonist molecules)is

covered bythe presentinvention. In addition, the administration of a single molecule

or construct capable of binding to two or more antigens is covered by the present

invention e.g. a molecule with dual targeting functionality (i.e. able to bind to and

inhibit, preferably block, the function of TNFa or a receptor for TNFa, and bind to and

inhibit, preferably block, the function of VEGF or a receptor for VEGF) that acts as

both a TNFa antagonist and a VEGF antagonist, is covered by the presentinvention.

For example, the invention provides a dual targeting molecule which is capable of

binding to TNFa and VEGFRz2, and soforth. In an embodiment the dual targeting

molecule is capable of binding to a TNF receptor and a VEGF receptor.

The TNFa antagonist of the invention mayinhibit signalling through a TNF receptor

by 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 98% or 100%. The VEGF

antagonist of the invention may inhibit signalling through a VEGF receptor by 30%,

40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 98% or 100%.

In an embodiment the TNFa antagonist is a human antigen binding protein, in

particular a human anti-TNFa antibody or fragment thereof, or a human anti-TNFR

antibody or fragment thereof. In an embodiment the VEGF antagonist is a human

antigen binding protein, in particular a human anti-VEGF antibody or fragment

thereof, or a human anti-VEGFR antibody or fragment thereof. In an embodiment the

antigen binding protein is a TNFa/VEGFdual targeting single construct wherein the

TNFa antagonist portion is human. In a particular embodiment, the TNF antagonistis

or is derived from adalimumab or golimumab.

The antagonists may be based on an antibody scaffold or other such suitable

scaffold as described herein. Such antagonists may be antibodies or epitope binding

domains for example dAbs. Receptor-Fc fusions are considered part of the invention.

The antagonists of the invention may be co-administered as a mixture of separate

molecules which are administered at the same time (simultaneously) , or are

administered within a specified period of each other (sequentially), for example within

a month, a weekor within 24 hours of each other, for example within 20 hours, or

within 15 hours or within 12 hours, or within 10 hours, or within 8 hours, or within 6

hours, or within 4 hours, or within 2 hours, or within 1 hour, or within 30 minutes of
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each other. The antagonists of the invention may be co-administered as separate

formulations or as a single formulation, e.g. liposomes containing both antagonists.

TNFaantagonists within the scope of the invention, which may be administeredin

combination with a VEGF antagonist of the invention, or which may be usedin

generating dual targeting molecules of the invention, include those listed below in

table 1.

Table 1: TNFa antagonists

Name

Adalimumab (Humira'™)

Infliximab (Remicade™)

Format

Human mAb

Chimaeric mAb

SEQ ID NO

10 (heavy chain)

12 (light chain)

32 (heavy chain)

33 (light chain)

 

Etanercept (Enbrel™) TNF Receptor-Fc fusion 3

ESBA105 Humanised scFv 3

PEP 1-5-19 Human Vk dAb 35

PEP1-5-490 Human Vk dAb 36

PEP 1-5-493 Human Vk dAb 3

Adnectin  
Golimumab (Simponi™)

Certolizumab (Cimiza™)

ALK-6931

 
Human mAb

Humanised Fab (PEGylated)

TNF Receptor-Fc(lgG1) fusion

In addition to the TNFa antagonists identified by name in Table 1, a TNFa antagonist

according to the invention includes an antibody comprising a heavy chain of SEQ ID

NO:30 and a light chain of SEQ ID NO: 31.

VEGF antagonists within the scope of the invention, which may be administered in

combination with a TNFa antagonist of the invention, or which may be usedin

generating dual targeting molecules of the invention, include those listed belowin

table 2.
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Table 2: VEGF antagonists

 

Bevacizumab (Avastin'™) Humanised mAb 22 (heavy chain)

21 (light chain)

Ranibizumab (Lucentis™) Humanised Fab 39 (heavy chain)

40 (light chain)

r84 Humanised mAb 41 (VH)

42 (VL)
 

Aflibercept (VEGF-Trap) Receptor-Fc fusion 

CTO1 Adnectin

DOM15-10-11 Human Vk dAb

DOM15-26-593 Human Vk dAb

 PRS-050 Anticalin

PRS-051 Anticalin

  CT-322 Humanised scFv

DMS1571 Fc formatted version of DOM15-26-

593 human Vk dAb(exists as a

43

45

 dimer of this sequence)

The present invention provides an antigen-binding protein for usein treating diseases

of the eye comprising a protein scaffold which is linked to one or more epitope-

binding domains wherein the antigen-binding protein has at least two antigen-binding

sites at least one of which is from an epitope binding domain and at least one of

which is from a paired V/V, domain and wherein at least one of the antigen-binding

sites binds to TNFa, or a receptor for TNFa, and at least one of the antigen-binding

sites binds to VEGF,or a receptor for VEGF.

Such antigen-binding proteins comprise a protein scaffold, for example an Ig scaffold

such as IgG, for example a monoclonal antibody, which is linked to one or more

epitope-binding domains, for example a domain antibody, wherein the binding protein

hasat least two antigen-bindingsites, at least one of which is from an epitope
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binding domain, and wherein at least one of the antigen-binding sites binds to TNFa,

or a receptor for TNFa, at least one of the antigen-binding sites binds to VEGF, ora

receptor for VEGF, and to methodsof producing and usesthereof, particularly uses

in ocular therapy.

Such antigen-binding proteins of the present invention are also referred to as

mAbdAbs.

In one embodimentthe protein scaffold of the antigen-binding protein of the present

invention is an lg scaffold, for example an IgG scaffold or IgA scaffold. The IgG

scaffold may comprise all the domains of an antibody (i.e. Cu1, CH2, Cu3, Vu, Vi, Cx).

The antigen-binding protein of the present invention may comprise an IgG scaffold

selected from I1gG1, IgG2, IlgG3, IgG4 or IgG4PE.

The antigen-binding protein of the present invention has at least two antigen-binding

sites, for example it has two binding sites, for example wherethefirst binding site has

specificity for a first epitope on an antigen and the second binding site has specificity

for a second epitope on the sameantigen. In a further embodimentthere are 4

antigen-binding sites, or 6 antigen-binding sites, or 8 antigen-binding sites, or 10 or

more antigen-binding sites. In one embodiment the antigen-binding protein has

specificity for more than one antigen, for example two antigens, or for three antigens,

or for four antigens.

In another aspect, the invention relates to an antigen-binding protein which is

capable of binding to TNFa, or a TNFa receptor, and VEGF, or a VEGF receptor,

comprising at least one homodimer comprising two or more structures of formula I:

(Rm (R°)m

| |

(R°\m  (R°)m

| |

Constant Constant

Light chain ~~ Heavy chain1

| |

(R°\m—(R*)m

| |
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(R)m  X

(R')n

)

wherein

X represents a constant antibody region comprising constant heavy domain 2

(Cu2) and constant heavy domain 3 (C13);

R', R*, R’ and R® each represent an epitope-binding domain;

R? represents a domain selected from the group consisting of constant heavy

chain 1 (Cy1), and an epitope-binding domain;

R° represents a domain selected from the group consisting of a paired V,, and an

epitope-binding domain;

R® represents a domain selected from the group consisting of constant light chain

(C_), and an epitope-binding domain;

R® represents a domain selected from the group consisting of a paired V, and an

epitope-binding domain;

n represents an integer independently selected from: 0, 1, 2, 3 and 4;

m represents an integer independently selected from: 0 and 1,

wherein the Constant Heavy chain 1 (C41) and the Constant Light chain (C_)

domains are associated;

wherein at least one epitope binding domainis present;

and when R® represents a paired V4 domain, R® represents a paired V, domain,

so that the two domainsare together capable of binding antigen.

In one embodiment R® represents a paired V_ and R* represents a paired Vy.
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In a further embodimenteither one or both of R’ and R® represent an epitope

binding domain.

In yet a further embodimenteither one or both of R' and R‘ represent an epitope

binding domain.

In one embodiment R* is present.

In one embodiment R', R’ and R® represent an epitope binding domain.

In one embodiment R', R’ and R®, and R‘ represent an epitope binding domain.

In one embodiment (R')n, (R?)m, (R*)m and (R®°)m = 0, i.e. are not present, R°is a

paired Vy domain, R°is a paired V, domain, R® is a V4 dAb, and R’is a V, dAb.

In another embodiment (R’),, (R*)m: (R*)m and (R°)m are O, i.e. are not present, R®

is a paired Vi, domain, R°is a paired V_ domain, R® is a Vy dAb, and (Rn = Oi.e.

not present.

In another embodiment(R*)m, and (R®)n are 0, i.e. are not present, R' is a dAb,

R* is a dAb, Ris a paired V4 domain, R®is a paired V_ domain, (R®)m and (R’)m =

0 i.e. not present.

In one embodiment of the present invention the epitope binding domain is a dAb.

In another aspect of the invention, the antigen binding protein is a bispecific antibody

having a first specificity for TNFa or a TNFa receptor, and a second specificity for

VEGFor a VEGF receptor.

In a further aspect of the invention, the antigen binding protein is a dual variable

domain immunoglobulin (DVD-Ig).

In another aspectof the invention, the antigen binding protein is a dAb-dAbin-line

fusion.

In another aspect of the invention, the antigen binding protein is a Receptor-Fc

fusion, which may belinked to one or more epitope-binding domains. Receptor-Fc
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fusions comprise an immunoglobulin scaffold i.e. they comprise the Fc portion of an

antibody, which is linked to a soluble ligand or extracellular domain of a receptor or

cell surface protein and one or more epitope binding domains. Such receptor-Fc-

epitope binding domain fusions mayalso be referred to as receptor-lg-epitope

binding domain fusions. The Fc portion may be selected from antibodies of any

isotype, for example |gG1, IlgG2, IgG3, IgG4 or IgG4PE.

In one embodiment the antigen-binding proteins of the invention have specificity for

VEGF,for example they comprise a receptor-Fc fusion linked to an epitope binding

domain which binds to VEGF,for example a dAb, an anticalin, or an adnectin which

binds to VEGF.

In one embodiment the antigen-binding proteins of the invention have specificity for

VEGFR2, for example they comprise a receptor-Fc fusion linked to an epitope

binding domain which binds to VEGFR2, for example a dAb or an adnectin which

binds to VEGFR2.

In one embodiment the antigen-binding proteins of the invention have specificity for

TNFa, for example they comprise a receptor-Fc fusion linked to an epitope binding

domain which binds to TNFa, for example a dAb or an adnectin which binds to TNFa.

In an embodimentthe antigen binding proteins of the invention have specificity for

both TNFa or a TNFa receptor, and VEGF or a VEGF receptor, for example they

comprise a TNFa receptor-Fc fusion linked to an epitope binding domain which binds

to VEGF or a VEGF receptor. Another example, is an antigen binding protein that

comprises a VEGF receptor-Fc fusion linked to an epitope binding domain which

binds to TNFa or a TNFa receptor.

It will be understood that any of the antigen-binding proteins described herein will be

capable of neutralising one or more antigens, for example they will be capable of

neutralising TNFa and/or they will also be capable of neutralising VEGF.

The term “neutralises” and grammatical variations thereof as used throughout the

present specification in relation to antigen-binding proteins of the invention means

that a biological activity of the target is reduced, eithertotally or partially, in the

presenceof the antigen-binding proteins of the present invention in comparison to

the activity of the target in the absence of such antigen-binding proteins.
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Neutralisation may be dueto but notlimited to one or more of blocking ligand

binding, preventing the ligand activating the receptor, down regulating the receptor or

affecting effector functionality.

Levels of neutralisation can be measuredin several ways, for examplein an IL-8

secretion assay in MRC-5 cells which may be carried out for example as described in

Example 1.3. The neutralisation of TNFa in this assay is measured by assessing the

inhibition of IL-8 secretion in the presence of neutralising antigen-binding protein.

Levels of neutralisation could also be measured in an assay which measures

inhibition of ligand binding to receptor which may be carried out for example as

described in Example 1.3. The neutralisation of VEGF, in this assay is measured by

assessing the decreased binding betweentheligand and its receptor in the presence

of neutralising antigen-binding protein.

Other methods of assessing neutralisation, for example, by assessing the decreased

binding betweenthe ligand andits receptor in the presence of neutralising antigen-

binding protein are knownin the art, and include, for example, Biacore™ assays.

In an alternative aspect of the present invention there is provided antigen-binding

proteins which haveat least substantially equivalent neutralising activity to the

antigen binding proteins exemplified herein.

The antigen-binding proteins of the invention have specificity for TNFa or TNFa

receptor, for example they comprise an epitope-binding domain which is capable of

binding to TNFa, and/or they comprise a paired Vi/V_ which binds to TNFa. The

antigen-binding protein may comprise an antibody which is capable of binding to

TNFa. The antigen-binding protein may comprise a dAb which is capable of binding

to TNFa.

The antigen-binding protein of the present invention also has specificity for VEGF or

a receptor for VEGF. In one embodimentthe antigen-binding protein of the present

invention is capable of binding TNFa and VEGF simultaneously.

It will be understood that any of the antigen-binding proteins described herein may be

capable of binding two or more antigens simultaneously, for example, as determined

by stochiometry analysis by using a suitable assay such as that described in

Example 3.
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Examples of such antigen-binding proteins include VEGF antibodies which have an

epitope binding domain which is a TNFa antagonist, for example an anti-TNFa

adnectin, attached to the c-terminus or the n-terminus of the heavy chain or the c-

terminus or n-terminusof the light chain. Examples include an antigen binding protein

comprising the heavy chain sequenceset out in SEQ ID NO: 20 or 22 andthe light

chain sequence set out in SEQ ID NO: 21, wherein one or both of the Heavy and

Light chain further comprise one or more epitope-binding domains which bind to

TNFa, for example an epitope binding domain selected from those set out in SEQ ID

NO: 2 and SEQ ID NO: 17.

In one embodiment the antigen-binding protein will comprise an anti-VEGF antibody

linked to an epitope binding domain which is a TNFa antagonist, wherein the anti-

VEGF antibody has the same CDRsasthe antibody which has the heavy chain

sequence of SEQ ID NO:20 or 22, and the light chain sequence of SEQ ID NO: 21.

Examples of such antigen-binding proteins include TNFa antibodies which have an

epitope binding domain which is a VEGF antagonist attached to the c-terminus or the

n-terminus of the heavy chain or the c-terminus. Examples include an antigen binding

protein comprising the heavy chain sequenceset out in SEQ ID NO: 10 and thelight

chain sequence set out in SEQ ID NO: 12 wherein one or both of the Heavy and

Light chain further comprise one or more epitope-binding domains which is capable

of antagonising VEGF, for example by binding to VEGF or to a VEGF receptorfor

example VEGFR2. Such epitope-binding domains can be selected from those set out

in SEQ ID NO: 1, 18, 19, 23 or 44.

In one embodiment the antigen binding constructs of the present invention comprise

the heavy chain sequence of SEQ ID NO: 14 andthe light chain sequence of SEQ ID

NO: 12, or the heavy chain sequence of SEQ ID NO: 15 andthe light chain sequence

of SEQ ID NO: 12, or the heavy chain sequence of SEQ ID NO: 24 and the light

chain sequence of SEQ ID NO: 12.

In an embodiment, the antigen binding constructs of the present invention comprise

an anti-TNFa binding protein as disclosed in WO0212502, US2007/0003548,

US7250165, EP01309691, or WO0212500,all of which are herein incorporated by

referencein their entirety.
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In one embodiment the antigen-binding protein will comprise an anti-TNFa antibody

linked to an epitope binding domain which is a VEGF antagonist, wherein the anti-

TNFaantibody has the same CDRsasthe antibody which has the heavy chain

sequence of SEQ ID NO:10, and the light chain sequence of SEQ ID NO: 12.

Other examples of such antigen-binding proteins include anti-TNFa antibodies which

have an anti-VEGF epitope binding domain, attached to the c-terminusor the n-

terminus of the heavy chain or the c-terminus or n-terminus of the light chain wherein

the VEGF epitope binding domain is a VEGF dAb whichis selected from any of the

VEGF dAb sequenceswhich are set out in WO2007080392 (whichis incorporated

herein by reference), in particular the dAbs which are set out in SEQ ID NO:117, 119,

123, 127-198, 539 and 540; or a VEGF dAb whichis selected from any of the VEGF

dAb sequenceswhich are set out in WO2008149146 (whichis incorporated herein by

reference), in particular the dAbs which are described as DOM15-26-501, DOM15-

26-555, DOM15-26-558, DOM15-26-589, DOM15-26-591, DOM15-26-594 and

DOM15-26-595, or a VEGF dAb which is selected from any of the VEGF dAb

sequences which are set out in WO2007066106 (whichis incorporated herein by

reference), or a VEGF dab whichis selected from any of the VEGF dAb sequences

which are set out in WO 2008149147 (whichis incorporated herein by reference) or a

VEGF dab whichis selected from any of the VEGF dAb sequences which are set out

in WO 2008149150 (which is incorporated herein by reference).

These specific sequences and related disclosures in WO2007080392,

W02008149146, WO2007066106, WO2008149147 and WO 2008149150 are

incorporated herein by reference as though explicitly written herein with the express

intention of providing disclosure for incorporation into claims herein and as examples

of variable domains and antagonists for application in the context of the present

invention.

Other examples of such antigen-binding constructs include anti-VEGF antibodies

which have one or more anti-TNFalpha epitope binding domains, attached to the c-

terminus or the n-terminus of the heavy chain or the c-terminus or n-terminus of the

light chain wherein the TNFalpha epitope binding domain is a TNF-alpha dAb which

is selected from any of the TNFalpha dAbs disclosed in WO04003019 (whichis

incorporated herein by reference), in particular the dAbs which are described as

TAR1-5-19, TAR1-5, and TAR1-27. These specific sequences and related

disclosures in WO04003019 are incorporated herein by reference as though explicitly
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written herein with the express intention of providing disclosure for incorporation into

claims herein and as examples of variable domains and antagonists for application in

the context of the present invention.

Other examples of such antigen-binding constructs include anti-VEGF antibodies

which have one or more anti-TNFR1 epitope binding domains, attached to the c-

terminus or the n-terminus of the heavy chain or the c-terminus or n-terminus of the

light chain wherein the TNFR1 epitope binding domain is a TNFR1 dAb whichis

selected from any of the TNFR1 dAb sequences in WO04003019 (which is

incorporated herein by reference), in particular the dAbs which are described as

TAR2-10, and TAR2-5; or a TNFR1 dAb whichis selected from any of the TNFR1

dAb sequencesin WO2006038027 (which is incorporated herein by reference), in

particular the dAbs which are set out in SEQ ID NO: 32-98, 167-179, 373-401, 431,

433-517 and 627; ora TNFR1 dAb whichis selected from any of the TNFR1 dAb

sequences in WO20081491 44 (which is incorporated herein by reference), in

particular the dAbs which are described as DOM1h-131-511, DOM1h-131-201,

DOMih-131-202, DOM1h-131-203, DOM1h-131-204, DOM1h-131-205; or a TNFR1

dAb whichis selected from any of the TNFR1 dAb sequences in WO2008149148

(which is incorporated herein by reference), in particular the dAb which is described

as DOM1h-131-206.

These specific sequences and related disclosures in WO2006038027 and

W0O2008149144 are incorporated herein by reference as though explicitly written

herein with the express intention of providing disclosure for incorporation into claims

herein and as examples of variable domains and antagonists for application in the

context of the present invention.

Further examples of antigen-binding proteins include TNFR2-lg fusions linked to an

epitope binding domain with a specificity for VEGFR2, for example an anti- VEGFR2

adnectin, linked to the c-terminus or the n-terminus of the TNFR2-lg fusion, for

example an antigen-binding protein comprising the TNFR2-lg sequencesetoutin

SEQ ID NO:34 which further comprises one or more epitope-binding domains which

bind to VEGFR2, for example the adnectin set out in SEQ ID NO:18.

Other examples of such antigen-binding proteins include TNFR2-lg fusions linked to

an epitope binding domain with a specificity for VEGF for example an anti- VEGF

dAb or anti-VEGF anticalin, linked to the c-terminus or the n-terminus of the TNFR2-
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Ig fusion, for example a Receptor-Fc-epitope binding domain fusion comprising the

TNFR2-lg sequence set out in SEQ ID NO:34, which further comprises one or more

epitope-binding domains which bind to VEGF, for example the dAb set out in SEQ ID

NO:1, or the anticalin set out in SEQ ID NO:19.

Throughout this specification, amino acid residues in variable domain sequences and

full length antibody sequences are numbered according to the Kabat numbering

convention. Similarly, the terms “CDR”, “CDRL1”, “CDRL2”, “CDRL3”, “CDRH1”,

“CDRH2”, “CDRH3” used in the Examplesfollow the Kabat numbering convention.

For further information, see Kabat et al., Sequences of Proteins of Immunological

Interest, 4th Ed., U.S. Department of Health and Human Services, National Institutes

of Health (1987).

However, although we use the Kabat numbering convention for amino acid residues

in variable domain sequencesandfull length antibody sequences throughout this

specification, it will be apparent to those skilled in the art that there are alternative

numbering conventions for amino acid residues in variable domain sequences and

full length antibody sequences. Thereare also alternative numbering conventionsfor

CDR sequences, for example those set out in Chothia et al. (1989) Nature 342: 877-

883. The structure and protein folding of the antibody may meanthat other residues

are considered part of the CDR sequence and would be understood to be so by a

skilled person.

Other numbering conventions for CDR sequencesavailable to a skilled person

include “AbM”(University of Bath) and “contact” (University College London)

methods. The minimum overlapping region using at least two of the Kabat, Chothia,

AbM andcontact methods can be determined to provide the “minimum binding unit’.

The minimum binding unit may be a sub-portion of a CDR.

Antigen binding proteins with CDR variants are also considered part of the invention.

Such antigen-binding proteins may also have one or more further epitope binding

domains with the sameordifferent antigen-specificity attached to the c-terminus

and/or the n-terminus of the heavy chain and/or the c-terminus and/or n-terminus of

the light chain and/or the n-terminus or c-terminus of the receptor-Fc or receptor-Fc-

dAbfusion..
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In one embodimentof the present invention there is provided an antigen-binding

protein according to the invention described herein and comprising a constant region

such that the antibody or receptor-Fc fusion has reduced ADCC and/or complement

activation or effector functionality. In one such embodiment the heavy chain constant

region may comprise a naturally disabled constant region of IgG2 or lgG4 isotype or

a mutated IgG1 constant region. Examples of suitable modifications are described in

EP0307434. One example comprises the substitutions of alanine residues at

positions 235 and 237 (EU index numbering, Kabatefa/., (1983) "Sequences of

Proteins of Immunological Interest", US Dept. Health and Human Services).

In an embodiment, the Fc portion of the antigen binding protein is functionally

disabled. Such Fe disablement may provide the antigen binding protein with an

improved safety profile.

The invention also provides a method of reducing CDC function of antigen-binding

proteins by positioning of the epitope binding domain on the heavy chain of the

antibody,in particular, by positioning the epitope binding domain on the c-terminus of

the heavy chain.

In one embodiment the antigen-binding proteins of the present invention will retain Fc

functionality for example will be capable of one or both of ADCC and CDCactivity.

The antigen-binding proteins of the invention may have someeffector function. For

example if the Immunoglobulin scaffold contains an Fc region derived from an

antibody with effector function, for example if the Immunoglobulin scaffold comprises

CH2 and CH3 from IgG1. Levels of effector function can be varied according to

knowntechniques, for example by mutations in the CH2 domain, for example

wherein the IgG1 CH2 domain has one or more mutations at positions selected from

239 and 332 and 330, for example the mutations are selected from S239D and I332E

and A330L suchthat the antibody has enhanced effector function, and/or for example

altering the glycosylation profile of the antigen-binding protein of the invention such

that there is a reduction in fucosylation of the Fc region.

In one embodiment, the antigen-binding proteins comprise an epitope-binding

domain which is a domain antibody (dAb), for example the epitope binding domain

may be a human V,, or humanV_, or a camelid Vy or a shark dAb (NARV).

29

Regeneron Exhibit 1002.0934



10

15

20

25

30

35

WO 2010/136492 PCT/EP2010/057246

In one embodiment the antigen-binding proteins comprise an epitope-binding domain

whichis a derivative of a scaffold selected from the group consisting of

CTLA-4 (Evibody); lipocalin; Protein A derived molecules such as Z-domain of

Protein A (Affibody, SpA), A-domain (Avimer/Maxibody); Heat shock proteins such as

GroEl and GroES; transferrin (trans-body); ankyrin repeat protein (DARPin); peptide

aptamer; C-type lectin domain (Tetranectin); human y-crystallin and human ubiquitin

(affilins); PDZ domains; scorpion toxinkunitz type domains of human protease

inhibitors; and fibronectin (adnectin); which have been subjectedto protein

engineeringin orderto obtain binding to a ligand otherthan the natural ligand.

The antigen-binding proteins of the present invention may comprise a protein scaffold

attached to an epitope binding domain which is an adnectin, for example an IgG

scaffold with an adnectin attached to the c-terminus of the heavy chain, or it may

comprise a protein scaffold attached to an adnectin, for example an IgG scaffold with

an adnectin attached to the n-terminus of the heavy chain, or it may comprise a

protein scaffold attached to an adnectin, for example an IgG scaffold with an adnectin

attached to the c-terminus of the light chain, or it may comprise a protein scaffold

attached to an adnectin, for example an IgG scaffold with an adnectin attached to the

n-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain which is a CTLA-4, for example an

IgG scaffold with a CTLA-4 attached to the n-terminus of the heavy chain, or it may

comprise for example an IgG scaffold with a CTLA-4 attached to the c-terminus of

the heavy chain, or it may comprise for example an IgG scaffold with CTLA-4

attached to the n-terminusof the light chain, or it may comprise an IgG scaffold with

CTLA-4 attached to the c-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain whichis a lipocalin, for example an

IgG scaffold with a lipocalin attached to the n-terminus of the heavy chain, or it may

comprise for example an IgG scaffold with a lipocalin attached to the c-terminus of

the heavy chain, or it may comprise for example an IgG scaffold with a lipocalin

attached to the n-terminus of the light chain, or it may comprise an IgG scaffold with

a lipocalin attached to the c-terminusof the light chain.
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In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain which is an SpA, for example an IgG

scaffold with an SpA attached to the n-terminus of the heavy chain,or it may

comprise for example an IgG scaffold with an SpA attached to the c-terminus of the

heavy chain, or it may comprise for example an IgG scaffold with an SpA attached to

the n-terminus of the light chain, or it may comprise an IgG scaffold with an SpA

attached to the c-terminus of the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain whichis an affibody, for example an

IgG scaffold with an affibody attached to the n-terminus of the heavy chain,or it may

comprise for example an IgG scaffold with an affibody attached to the c-terminus of

the heavy chain, or it may comprise for example an IgG scaffold with an affibody

attached to the n-terminus of the light chain, or it may comprise an IgG scaffold with

an affibody attached to the c-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain whichis an affimer, for example an

IgG scaffold with an affimer attached to the n-terminus of the heavy chain, or it may

comprise for example an IgG scaffold with an affimer attached to the c-terminus of

the heavy chain, or it may comprise for example an IgG scaffold with an affimer

attached to the n-terminusof the light chain, or it may comprise an IgG scaffold with

an affimer attached to the c-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain which is a GroE]l, for example an IgG

scaffold with a GroEl attached to the n-terminus of the heavy chain,or it may

comprise for example an IgG scaffold with a GroEl attached to the c-terminusof the

heavy chain, or it may comprise for example an IgG scaffold with a GroEl attached to

the n-terminusof the light chain, or it may comprise an IgG scaffold with a GroEl

attached to the c-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain whichis a transferrin, for example an

IgG scaffold with a transferrin attached to the n-terminus of the heavy chain, or it may

comprise for example an IgG scaffold with a transferrin attached to the c-terminus of

the heavy chain, or it may comprise for example an IgG scaffold with a transferrin
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attached to the n-terminus of the light chain, or it may comprise an IgG scaffold with

a transferrin attached to the c-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain which is a GroES, for example an

IgG scaffold with a GroES attached to the n-terminus of the heavy chain, or it may

comprise for example an IgG scaffold with a GroES attached to the c-terminus of the

heavy chain, or it may comprise for example an IgG scaffold with a GroES attached

to the n-terminusof the light chain, or it may comprise an IgG scaffold with a GroES

attached to the c-terminus of the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain which is a DARPin, for example an

IgG scaffold with a DARPin attached to the n-terminus of the heavy chain, or it may

comprise for example an IgG scaffold with a DARPin attached to the c-terminus of

the heavy chain, or it may comprise for example an IgG scaffold with a DARPin

attached to the n-terminusof the light chain, or it may comprise an IgG scaffold with

a DARPin attached to the c-terminusof the light chain.

In other embodiments it may comprise a protein scaffold, for example an IgG

scaffold, attached to an epitope binding domain which is a peptide aptamer, for

example an IgG scaffold with a peptide aptamer attached to the n-terminus of the

heavy chain, or it may comprise for example an IgG scaffold with a peptide aptamer

attached to the c-terminus of the heavy chain, or it may comprise for example an IgG

scaffold with a peptide aptamer attached to the n-terminusof the light chain, or it may

comprise an IgG scaffold with a peptide aptamer attached to the c-terminus of the

light chain.

In one embodiment of the present invention there are four epitope binding domains,

for example four domain antibodies, two of the epitope binding domains may have

specificity for the same antigen, or all of the epitope binding domains present in the

antigen-binding protein may have specificity for the same antigen.

Protein scaffolds of the present invention may be linked to epitope-binding domains

by the use oflinkers. Similarly receptor-Fc fusions of the present invention may be

linked to epitope binding domains by the useof linkers. Also VDI and VD2 domains

of DVD-Igs may be linked together by meansof linkers, and so forth. Examplesof
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suitable linkers include amino acid sequences which may be from 1 amino acid to

150 amino acidsin length, or from 1 amino acid to 140 amino acids, for example,

from 1 amino acid to 130 amino acids, or from 1 to 120 amino acids, or from 1 to 80

amino acids, or from 1 to 50 amino acids, or from 1 to 20 amino acids, or from 1 to 10

amino acids, or from 5 to 18 amino acids. Such sequences may havetheir own

tertiary structure, for example, a linker of the present invention may comprise a single

variable domain. The size of a linker in one embodimentis equivalent to a single

variable domain. Suitable linkers may be of a size from 1 to 20 angstroms,for

example less than 15 angstroms,or less than 10 angstroms,or less than 5

angstroms.

In one embodimentof the present invention at least one of the epitope binding

domainsis directly attached to the Ig scaffold with a linker comprising from 1 to 150

amino acids, for example 1 to 20 amino acids, for example 1 to 10 amino acids.

Such linkers may be selected from any oneof those set out in SEQ ID NO: 3-8, SEQ

ID NO:25, or SEQ ID NO:66-68, or multiples of such linkers. For example, the linker

may be ‘TVAAPS’,or the linker may be ‘GGGG9’, or multiples of suchlinkers.

In an embodiment of the invention the linker is ‘STG’ (SEQ ID NO:25).

A linker can be any linker as herein described with one or two amino acid changes.

Linkers of use in the antigen-binding proteins of the present invention may comprise

aloneorin addition to other linkers, one or more sets of GS residues, for example

‘“GSTVAAPS'’or ‘TVAAPSGS’ or ‘GSTVAAPSGS’, or multiples of such linkers. In an

embodimentthe linker comprises or consists of ‘GSTVAAPSGS’.

In an embodiment the linker comprises or consists of GS(TVAAPSGS)x2 (e.g.

‘GSTVAAPSGSTVAAPSGS’ SEQ ID NO:66). In an embodimentthe linker comprises

or consists of GS(TVAAPSGS) x 3 (e.g. ‘GSTVAAPSGSTVAAPSGSTVAAPSGS’

SEQ ID NO:67). In an embodiment the linker comprises or consists of

GS(TVAAPSGS)x 4 (e.g. ‘GSTVAAPSGSTVAAPSGS TVAAPSGSTVAAPSGS’

SEQ ID NO:68).

In one embodiment the epitope binding domainis linked to the lg scaffold by the

linker ‘(PAS),(GS) mn’. In another embodimentthe epitope binding domainis linked to

the lg scaffold by the linker ‘((GGGGS)n or p(GS)m’. In another embodiment the epitope
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binding domainis linked to the Ig scaffold by the linker ‘“(TVAAPS)n or p(GS)m’. In

another embodimentthe epitope binding domainis linked to the Ig scaffold by the

linker ‘(GS)m(TVAAPSGS), orp. In another embodimentthe epitope binding domainis

linked to the Ig scaffold by the linker ‘(GS),,(TVAAPS),(GS),’. In another embodiment

the epitope binding domainis linked to the lg scaffold by the linker

“((PAVPPP)n(GS)m’. In another embodiment the epitope binding domainis linked to

the lg scaffold by the linker ‘((TVSDVP),(GS),’. In another embodiment the epitope

binding domainis linked to the lg scaffold by the linker ‘(TGLDSP),(GS),’. In all such

embodiments, n = 1-10, and m = 0-4, and p=2-10.

Examples of such linkers include (PAS),(GS), wherein n=1 and m=1 (SEQ ID

NO:145), (PAS),(GS)n wherein n=2 and m=1 (SEQ ID NO:146), (PAS),(GS)nm

wherein n=3 and m=1 (SEQ ID NO:147), (PAS),(GS)n wherein n=4 and m=1,

(PAS))(GS)n wherein n=2 and m=0, (PAS),(GS)m wherein n=3 and m=0,

(PAS), (GS), wherein n=4 and m=0.

Examples of such linkers include (GGGGS),(GS), wherein n=1 and m=1,

(GGGGS),(GS), wherein n=2 and m=1, (GGGGS),(GS),, wherein n=3 and m=1,

(GGGGS),(GS), wherein n=4 and m=1, (GGGGS),(GS),, wherein n=2 and m=0

(SEQ ID NO:148), (GGGGS),(GS),, wherein n=3 and m=0 (SEQ ID NO:149),

(GGGGS),(GS),, wherein n=4 and m=0.

Examplesof suchlinkers include (GS),,(TVAAPS), wherein p=1 and m=1,

(GS)n(TVAAPS), wherein p=2 and m=1, (GS)m(TVAAPS), wherein p=3 and m=1,

(GS)m(TVAAPS), wherein p=4 and m=1), (GS)m(TVAAPS), wherein p=5 and m=1, or

(GS)n(TVAAPS), wherein p=6 and m=1.

Examples of such linkers include (TVAAPS),(GS)n wherein n=1 and m=1,

(TVAAPS)i(GS)m wherein n=2 and m=1 (SEQ ID NO:150), (TVAAPS),(GS)m wherein

n=3 and m=1 (SEQ ID NO:151), (TVAAPS),(GS)n wherein n=4 and m=1,

(TVAAPS),(GS)m wherein n=2 and m=0, (TVAAPS),(GS)n wherein n=3 and m=0,

(TVAAPS),(GS), wherein n=4 and m=0.

Examples of such linkers include (GS),,(TVAAPSGS), wherein n=1 and m=1,

(GS)n(TVAAPSGS), wherein n=2 and m=1 (SEQ ID NO:66), (GS),,(TVAAPSGS),

wherein n=3 and m=1 (SEQ ID NO:67), or (GS),(TVAAPSGS), wherein n=4 and

m=1 (SEQ ID NO:68), (GS),,(TVAAPSGS), wherein n=5 and m=1 (SEQ ID NO:152),
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(GS)n(TVAAPSGS), wherein n=6 and m=1 (SEQ ID NO:153), (GS)n(TVAAPSGS),

wherein n=1 and m=0 (SEQ ID NO:8), (GS),,(TVAAPSGS), wherein n=2 and m=10,

(GS),,(TVAAPSGS), wherein n=3 and m=0, or (GS),,(TVAAPSGS), wherein n=0.

Examples of such linkers include (TVAAPSGS),(GS), wherein p=2 and m=1,

(TVAAPSGS),(GS)m wherein p=3 and m=1 , (TVAAPSGS),(GS),, wherein p=4 and

m=1, (TVAAPSGS),(GS)m wherein p=2 and m=0, (TVAAPSGS),(GS)m wherein p=3

and m=0, (TVAAPSGS),(GS), wherein p=4 and m=0.

Examples of such linkers include (PAVPPP),(GS), wherein n=1 and m=1 (SEQ ID

NO:154), (PAVPPP),(GS), wherein n=2 and m=1 (SEQ ID NO:155),

(PAVPPP),(GS)m wherein n=3 and m=1 (SEQ ID NO:156), (PAVPPP),(GS)m wherein

n=4 and m=1, (PAVPPP),(GS), wherein n=2 and m=0, (PAVPPP),(GS), wherein

n=3 and m=0, (PAVPPP),(GS)m wherein n=4 and m=0.

Examples of such linkers include (TVSDVP),(GS),, wherein n=1 and m=1 (SEQ ID

NO:157), (TVSDVP),(GS), wherein n=2 and m=1 (SEQ ID NO:158),

(TVSDVP),(GS), wherein n=3 and m=1 (SEQ ID NO:159), (TVSDVP),(GS),, wherein

n=4 and m=1, (TVSDVP),(GS),, wherein n=2 and m=0, (TVSDVP),(GS),, wherein

n=3 and m=0, (TVSDVP),(GS),, wherein n=4 and m=0.

Examples of such linkers include (TGLDSP),(GS),, wherein n=1 and m=1 (SEQ ID

NO:160), (TGLDSP),(GS),, wherein n=2 and m=1 (SEQ ID NO:161),

(TGLDSP),(GS), wherein n=3 and m=1 (SEQ ID NO:162), (TGLDSP),(GS),, wherein

n=4 and m=1, (TGLDSP),(GS)m wherein n=2 and m=0, (TGLDSP),(GS)n wherein

n=3 and m=0, (TGLDSP),(GS),, wherein n=4 and m=0.

In another embodimentthere is no linker between the epitope binding domain and

the Ig scaffold. In another embodiment the epitope binding domainis linked to the Ig

scaffold by the linker ‘TVAAPS’. In another embodimentthe epitope binding domain,

is linked to the Ig scaffold by the linker ‘TVAAPSGS’. In another embodiment the

epitope binding domainis linked to the Ig scaffold by the linker ‘GS’. In another

embodiment the epitope binding domain is linked to the Ig scaffold by the linker

‘ASTKGPT.

In one embodiment, the antigen-binding protein of the present invention comprises at

least one antigen-binding site, for example at least one epitope binding domain,

which is capable of binding human serum albumin.
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In one embodiment, there are at least 3 antigen-binding sites, for example there are

4, or 5 or 6 or 8 or 10 antigen-binding sites and the antigen-binding protein is capable

of binding at least 3 or 4 or 5 or 6 or 8 or 10 antigens, for example it is capable of

binding 3 or 4 or 5 or 6 or 8 or 10 antigens simultaneously.

The invention also provides the antigen-binding proteins disclosed herein for use in

medicine, for example for use in the manufacture of a medicamentfortreating a

disease of the eye (alternatively referred to herein as an ‘eye disease’), for example

diabetic macula edema (DME), cystoid macula edema, uveitis, AMD (Agerelated

macular degeneration), choroidal neovascular AMD, geographic atrophy, diabetic

retinopathy, retinal vein occlusion (BRVO and/or CRVO) and other maculopathies

and ocular vasculopathies. In an embodiment, the disease to be treated is AMD.In

another embodiment, the disease to be treated is DME.

The invention provides a method of treating a patient suffering from a disease of the

eye, for example diabetic macula edema, cystoid macula edema, uveitis, AMD (Age

related macular degeneration), choroidal neovascular AMD, geographic atrophy,

diabetic retinopathy, retinal vein occlusion (BRVO and/or CRVO) and other

maculopathies and ocular vasculopathies comprising administering a therapeutic

amountof an antigen-binding protein of the invention.

The antigen-binding proteins of the invention may be usedfor the treatment of a

disease of the eye, for example diabetic macula edema, cystoid macula edema,

uveitis, AMD (Age related macular degeneration), choroidal neovascular AMD,

geographic atrophy, diabetic retinopathy, retinal vein occlusion (BRVO and/or CRVO)

and other maculopathies and ocular vasculopathies or any other disease associated

with the over production of TNFa and/or VEGF.

In a particular embodiment the disease is AMD, specifically choroidal neovascular

AMD.

Protein scaffolds of use in the present invention include full monoclonal antibody

scaffolds comprising all the domains of an antibody, an Fc portion of a conventional

antibody, or protein scaffolds of the present invention may comprise a non-

conventional antibody structure, such as a monovalent antibody or an Fc portion of a

non-conventional antibody structure. Such monovalent antibodies may comprise a
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paired heavy and light chain wherein the hinge region of the heavy chain is modified

so that the heavy chain does not homodimerise, such as the monovalent antibody

described in WO2007059782. Other monovalent antibodies may comprise a paired

heavy and light chain which dimerises with a second heavy chain whichis lacking a

functional variable region and Cy1 region, wherein the first and second heavy chains

are modified so that theywill form heterodimers rather than homodimers, resulting in

a monovalent antibody with two heavy chains and onelight chain such as the

monovalent antibody described in WO2006015371. Such monovalent antibodies can

provide the protein scaffold of the present invention to which epitope binding domains

can be linked. The Fc region of such monovalent antibodies can provide the

Immunoglobulin scaffold of the present invention to which soluble ligands,

extracellular domains of a receptor or cell surface protein and epitope binding

domains can belinked. In such a monovalentstructure it is possible to have a soluble

ligand or extracellular domain of a receptor or cell surface protein linked to the first

heavy chain and one or more epitope binding domains linked to the second heavy

chain.

Epitope-binding domains of use in the present invention are domains that specifically

bind an antigen or epitope independently of a different V region or domain, this may

be a domain antibody or may be a domain whichis a derivative of a scaffold selected

from the group consisting of CTLA-4 (Evibody); lipocalin; Protein A derived molecules

such as Z-domain of Protein A (Affibody, SpA), A-domain (Avimer/Maxibody); Heat

shock proteins such as GroEl and GroES; transferrin (trans-body); ankyrin repeat

protein (DARPin); peptide aptamer; C-type lectin domain (Tetranectin); human y-

crystallin and humanubiquitin (affilins); PDZ domains; scorpion toxinkunitz type

domains of humanproteaseinhibitors; and fibronectin (adnectin); which have been

subjected to protein engineering in order to obtain binding to a ligand other than the

natural ligand. In one embodiment this may be an domain antibody or other suitable

domains such as a domain selected from the group consisting of CTLA-4, lipocallin,

SpA, an Affibody, an avimer, GroEl, transferrin, GroES and fibronectin. In one

embodiment this may be selected from a dAb, an Affibody, an ankyrin repeat protein

(DARPin) and an adnectin. In another embodiment this may be selected from an

Affibody, an ankyrin repeat protein (DARPin) and an adnectin. In another

embodiment this may be a domain antibody, for example a domain antibody selected

from a human, camelid or shark (NARV) domain antibody.
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Epitope-binding domains can belinked to the protein scaffold at one or more

positions. These positions include the C-terminus and the N-terminus of the protein

scaffold, for example at the C-terminus of the heavy chain and/or the C-terminus of

the light chain of an IgG, or for example the N-terminus of the heavy chain and/or the

N-terminus of the light chain of an IgG.

In one embodiment, a first epitope binding domain is linked to the protein scaffold

and a second epitope binding domainis linked to the first epitope binding domain, for

example where the protein scaffold is an IgG scaffold, a first epitope binding domain

may belinked to the c-terminus of the heavy chain of the IgG scaffold, and that

epitope binding domain can belinkedat its c-terminus to a second epitope binding

domain, or for example a first epitope binding domain maybelinked to the c-terminus

of the light chain of the IgG scaffold, and that first epitope binding domain may be

further linked at its c-terminus to a second epitope binding domain, or for example a

first epitope binding domain maybelinked to the n-terminusof the light chain of the

IgG scaffold, and that first epitope binding domain maybefurtherlinkedatits n-

terminus to a second epitope binding domain, or for exampleafirst epitope binding

domain maybelinked to the n-terminus of the heavy chain of the IgG scaffold, and

that first epitope binding domain maybefurtherlinked at its n-terminus to a second

epitope binding domain.

Whenthe epitope-binding domain is a domain antibody, some domain antibodies

may be suited to particular positions within the scaffold.

Domain antibodies of use in the present invention can be linked at the C-terminal end

of the heavy chain and/orthe light chain of conventional IgGs. In addition some dAbs

can belinked to the C-terminal ends of both the heavy chain and the light chain of

conventional antibodies.

Epitope-binding domains can belinked to the Receptor-Fc fusion at one or more

positions. These positions include the C-terminus and the N-terminus of the

Receptor-Fc fusion. For example they maybelinked directly to the Fc portion of the

Receptor-Fc fusion, or they may belinked to the soluble ligand or extracellular

domain of a receptor or cell surface protein portion of the Receptor-Fc fusion. Where

the soluble ligand or extracellular domain of a receptor or cell surface protein is

linked to the N-terminus of the Fc portion, the epitope-binding domain maybelinked
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directly to the c-terminus of the Fc portion or to the N-terminus of the soluble ligand

or extracellular domain of a receptor or cell surface protein.

In one embodiment, a first epitope binding domain is linked to the Receptor-Fc fusion

and a second epitope binding domainis linkedto the first epitope binding domain, for

example a first epitope binding domain may belinked to the c-terminus of the

Receptor-Fc fusion, and that epitope binding domain can belinked at its c-terminus

to a second epitope binding domain, or for example a first epitope binding domain

may be linked to the n-terminus of the Receptor-Fc fusion, and that first epitope

binding domain maybefurtherlinked at its n-terminus to a second epitope binding

domain, When the epitope-binding domain is a domain antibody, some domain

antibodies may be suited to particular positions within the scaffold.

In constructs where the N-terminus of dAbs are fused to an antibody constant

domain (either C43 or C_), a peptide linker may help the dAbto bind to antigen.

Indeed, the N-terminal end of a dAbis located closely to the complementarity-

determining regions (CDRS) involved in antigen-binding activity. Thus a short peptide

linker acts as a spacer betweenthe epitope-binding, and the constant domain of the

protein scaffold, which may allow the dAb CDRsto more easily reach the antigen,

which may therefore bind with high affinity.

The surroundings in which dAbsare linked to the IgG will differ depending on which

antibody chain they are fused to. When fused at the C-terminal end of the antibody

light chain of an IgG scaffold, each dAb is expected to be locatedin the vicinity of the

antibody hinge and the Fcportion. It is likely that such dAbs will be located far apart

from each other. In conventional antibodies, the angle between Fab fragments and

the angle between each Fab fragment and the Fc portion can vary quite significantly.

It is likely that — with mAbdAbs — the angle between the Fab fragments will not be

widely different, whilst some angular restrictions may be observed with the angle

between each Fab fragment and the Fc portion.

Whenfused at the C-terminal end of the antibody heavy chain of an IgG scaffold,

each dAbis expected to be locatedin the vicinity of the C3 domains of the Fc

portion. This is not expected to impact on the Fc binding properties to Fc receptors

(e.g. FcyRI, Il, Ill an FcRn) as these receptors engage with the C,,2 domains (for the

FcyRI, Il and IIl class of receptors) or with the hinge between the Cy2 and Ci3

domains (e.g. FcRn receptor). Another feature of such antigen-binding proteins is
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that both dAbs are expected to be spatially close to each other and provided that

flexibility is provided by provision of appropriate linkers, these dAbs may even form

homodimeric species, hence propagating the ‘zipped’ quaternary structure of the Fc

portion, which may enhancestability of the construct.

Such structural considerations can aid in the choice of the most suitable position to

link an epitope-binding domain, for example a dAb, on to a protein scaffold, for

example an antibody or on to a Receptor-Fc fusion.

The size of the antigen, its localization (in blood or on a cell surface), its quaternary

structure (monomeric or multimeric) can vary. Conventional antibodies are naturally

designed to function as adaptor constructs due to the presence of the hinge region,

wherein the orientation of the two antigen-binding sites at the tip of the Fab

fragments can vary widely and hence adapt to the molecular feature of the antigen

and its surroundings. In contrast dAbs linked to an antibody or other protein scaffold,

for example a protein scaffold which comprises an antibody with no hinge region,

may haveless structural flexibility either directly or indirectly.

Understanding the solution state and modeof binding at the dAbis also helpful.

Evidence has accumulated thatin vitro dAbs can predominantly exist in monomeric,

homo-dimeric or multimeric forms in solution (Reiter et a/., J Mol Biol (1999) 290:

685-698; Ewert ef a/., J Mol Biol (2003) 325: 531-553, Jespers et a/., J Mol Biol

(2004) 337: 893-903; Jespers ef a/., Nat Biotechnol (2004) 22: 1161-1165; Martin et

al., Protein Eng. (1997) 10: 607-614; Sepulvadaetal/., J Mol Biol (2003) 333: 355-

365). This is fairly reminiscent to multimerisation events observed in vivo with Ig

domains such as Bence-Jonesproteins (which are dimers of immunoglobulin light

chains (Epp et a/., Biochemistry (1975) 14: 4943-4952; Huan eta/., Biochemistry

(1994) 33: 14848-14857; Huang ef a/., Mol immunol (1997) 34: 1291-1301) and

amyloid fibers (Jameset a/. J Mol Biol. (2007) 367: 603-8).

For example, it may be desirable to link domain antibodies that tend to dimerise in

solution to the C-terminal end of the Fc portion in preference to the C-terminal end of

the light chain or the N-terminal end of the Receptor-Fc fusion as linking to the C-

terminal end of the Fc will allow those dAbs to dimerise in the context of the antigen-

binding protein of the invention.
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The antigen-binding proteins of the present invention may comprise antigen-binding

sites specific for a single antigen, or may have antigen-binding sites specific for two

or more antigens, or for two or more epitopes on a single antigen, or there may be

antigen-binding sites each of which is specific for a different epitope on the same or

different antigens.

In particular, the antigen-binding proteins of the present invention may be useful in

treating diseases associated with TNFa and VEGFfor example diseasesof the eye,

for example diabetic macula edema, cystoid macula edema, uveitis, AMD (Age

related macular degeneration), choroidal neovascular AMD, geographic atrophy,

diabetic retinopathy, retinal vein occlusion (BRVO and/or CRVO) and other

maculopathies and ocular vasculopathies.

Particular TNFa antagonists and VEGF antagonists which may be administered in

combination for the treatment of any of the aforementioned diseases of the eye,in

particular AMD,are as follows.

In an embodiment, the TNFa antagonist is adalimumab and the VEGF antagonistis

bevacizumab. In an embodiment, the TNFa antagonist is adalimumab and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is adalimumab

and the VEGF antagonistis r84. In an embodiment, the TNFa antagonistis

adalimumab and the VEGF antagonistis aflibercept. In an embodiment, the TNFa

antagonist is adalimumab and the VEGF antagonist is CT01. In an embodiment, the

TNFa antagonist is adalimumab and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonistis adalimumab and the VEGF antagonistis

DOM15-26-593. In an embodiment, the TNFa antagonist is adalimumab and the

VEGF antagonist is PRS-050. In an embodiment, the TNFa antagonistis

adalimumab and the VEGF antagonist is PRS-051. In an embodiment, the TNFa

antagonist is adalimumab and the VEGF antagonist is MP0112. In an embodiment,

the TNFa antagonist is adalimumab and the VEGF antagonist is CT-322. In an

embodiment, the TNFa antagonist is adalimumab and the VEGF antagonistis

ESBASY03. In an embodiment, the TNFa antagonist is adalimumab and the VEGF

antagonist is EPI-0030. In an embodiment, the TNFa antagonist is adalimumab and

the VEGF antagonist is EPI-0010. In an embodiment, the TNFa antagonistis

adalimumab and the VEGF antagonist is DMS1571.
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In an embodiment, the TNFa antagonistis infliximab and the VEGF antagonist is

bevacizumab.In an embodiment, the TNFa antagonistis infliximab and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonistis infliximab and

the VEGF antagonistis r84. In an embodiment, the TNFa antagonistis infliximab and

the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonistis

infliximab and the VEGF antagonist is CT01. In an embodiment, the TNFa antagonist

is infliximab and the VEGF antagonist is DOM15-10-11. In an embodiment, the TNFa

antagonistis infliximab and the VEGF antagonist is DOM15-26-593. In an

embodiment, the TNFa antagonistis infliximab and the VEGF antagonist is PRS-050.

In an embodiment, the TNFa antagonistis infliximab and the VEGF antagonist is

PRS-051. In an embodiment, the TNFa antagonistis infliximab and the VEGF

antagonist is MP0112. In an embodiment, the TNFa antagonistis infliximab and the

VEGF antagonist is CT-322. In an embodiment, the TNFa antagonistis infliximab

and the VEGF antagonist is ESBA903. In an embodiment, the TNFa antagonistis

infliximab and the VEGF antagonist is EPI-0030. In an embodiment, the TNFa

antagonistis infliximab and the VEGF antagonist is EPI-0010. In an embodiment, the

TNFa antagonistis infliximab and the VEGF antagonist is DMS1571.

In an embodiment, the TNFa antagonist is etanercept and the VEGF antagonistis

bevacizumab.In an embodiment, the TNFa antagonist is etanercept and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is etanercept and

the VEGF antagonist is r84. In an embodiment, the TNFa antagonist is etanercept

and the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonist is

etanercept and the VEGF antagonist is CT01. In an embodiment, the TNFa

antagonist is etanercept and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonist is etanercept and the VEGF antagonist is DOM15-

26-593. In an embodiment, the TNFa antagonist is etanercept and the VEGF

antagonist is PRS-050. In an embodiment, the TNFa antagonist is etanercept and the

VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonist is etanercept

and the VEGF antagonist is MP0112. In an embodiment, the TNFa antagonistis

etanercept and the VEGFantagonist is CT-322. In an embodiment, the TNFa

antagonist is etanercept and the VEGF antagonist is ESBA903. In an embodiment,

the TNFa antagonist is etanercept and the VEGF antagonist is EPI-0030. In an

embodiment, the TNFa antagonist is etanercept and the VEGF antagonist is EPI-

0010. In an embodiment, the TNFa antagonistis etanercept and the VEGF

antagonist is DM$1571.
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In an embodiment, the TNFa antagonist is ESBA105 and the VEGF antagonistis

bevacizumab.In an embodiment, the TNFa antagonist is ESBA105 and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is ESBA105 and

the VEGF antagonistis r84. In an embodiment, the TNFa antagonist is ESBA105 and

the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonistis

ESBA105 and the VEGF antagonist is CT01. In an embodiment, the TNFa antagonist

is ESBA105 and the VEGF antagonist is DOM15-10-11. In an embodiment, the TNFa

antagonist is ESBA105 and the VEGF antagonist is DOM15-26-593.In an

embodiment, the TNFa antagonist is ESBA105 and the VEGF antagonist is PRS-

050. In an embodiment, the TNFa antagonist is ESBA105 and the VEGF antagonist

is PRS-051. In an embodiment, the TNFa antagonist is ESBA105 and the VEGF

antagonist is MP0112. In an embodiment, the TNFa antagonist is ESBA105 and the

VEGF antagonist is CT-322. In an embodiment, the TNFa antagonist is ESBA105

and the VEGF antagonist is ESBA903. In an embodiment, the TNFa antagonistis

ESBA105 and the VEGF antagonist is EPI-0030. In an embodiment, the TNFa

antagonist is ESBA105 and the VEGF antagonist is EPI-0010. In an embodiment, the

TNFa antagonist is ESBA105 and the VEGF antagonist is DMS1571.

In an embodiment, the TNFa antagonist is PEP 1-5-19 and the VEGF antagonistis

bevacizumab. In an embodiment, the TNFa antagonist is PEP1-5-19 and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is PEP 1-5-19 and

the VEGF antagonist is r84. In an embodiment, the TNFa antagonist is PEP1-5-19

and the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonist is

PEP1-5-19 and the VEGF antagonist is CT01. In an embodiment, the TNFa

antagonist is PEP1-5-19 and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonist is PEP 1-5-19 and the VEGF antagonistis

DOM15-26-593. In an embodiment, the TNFa antagonist is PEP 1-5-19 and the

VEGF antagonist is PRS-050. In an embodiment, the TNFa antagonist is PEP1-5-19

and the VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonistis

PEP1-5-19 and the VEGF antagonist is MP0112. In an embodiment, the TNFa

antagonist is PEP1-5-19 and the VEGF antagonist is CT-322. In an embodiment, the

TNFa antagonist is PEP1-5-19 and the VEGF antagonist is ESBA903. In an

embodiment, the TNFa antagonist is PEP1-5-19 and the VEGF antagonistis EPI-

0030. In an embodiment, the TNFa antagonist is PEP1-5-19 and the VEGF

antagonist is EPI-0010. In an embodiment, the TNFa antagonist is PEP1-5-19 and

the VEGF antagonist is DMS1571.
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In an embodiment, the TNFa antagonist is PEP 1-5-490 and the VEGF antagonistis

bevacizumab.In an embodiment, the TNFa antagonist is PEP1-5-490 and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is PEP 1-5-490

and the VEGF antagonistis r84. In an embodiment, the TNFa antagonist is PEP1-5-

490 and the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonist

is PEP 1-5-490 and the VEGF antagonist is CT01. In an embodiment, the TNFa

antagonist is PEP1-5-490 and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonist is PEP1-5-490 and the VEGF antagonistis

DOM15-26-593. In an embodiment, the TNFa antagonist is PEP 1-5-490 and the

VEGF antagonist is PRS-050. In an embodiment, the TNFa antagonist is PEP1-5-

490 and the VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonistis

PEP1-5-490 and the VEGF antagonist is MP0112. In an embodiment, the TNFa

antagonist is PEP1-5-490 and the VEGF antagonist is CT-322. In an embodiment,

the TNFa antagonist is PEP 1-5-490 and the VEGF antagonist is ESBA903. In an

embodiment, the TNFa antagonist is PEP1-5-490 and the VEGF antagonist is EPI-

0030. In an embodiment, the TNFa antagonist is PEP1-5-490 and the VEGF

antagonist is EPI-0010. In an embodiment, the TNFa antagonist is PEP 1-5-490 and

the VEGF antagonist is DMS1571.

In an embodiment, the TNFa antagonist is PEP1-5-493 and the VEGF antagonistis

bevacizumab. In an embodiment, the TNFa antagonist is PEP 1-5-493 and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is PEP1-5-493

and the VEGF antagonistis r84. In an embodiment, the TNFa antagonist is PEP1-5-

493 and the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonist

is PEP 1-5-493 and the VEGF antagonist is CT01. In an embodiment, the TNFa

antagonist is PEP1-5-493 and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonist is PEP1-5-493 and the VEGF antagonistis

DOM15-26-593. In an embodiment, the TNFa antagonist is PEP 1-5-493 and the

VEGF antagonist is PRS-050. In an embodiment, the TNFa antagonist is PEP 1-5-

493 and the VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonistis

PEP 1-5-493 and the VEGF antagonist is MP0112. In an embodiment, the TNFa

antagonist is PEP1-5-493 and the VEGF antagonist is CT-322. In an embodiment,

the TNFa antagonist is PEP 1-5-493 and the VEGF antagonist is ESBA903.In an

embodiment, the TNFa antagonist is PEP1-5-493 and the VEGF antagonist is EPI-

0030. In an embodiment, the TNFa antagonist is PEP1-5-493 and the VEGF

antagonist is EPI-O0010. In an embodiment, the TNFa antagonist is PEP1-5-493 and

the VEGF antagonist is DMS1571.
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In an embodiment, the TNFa antagonist is the adnectin of SEQ ID NO:2 and the

VEGF antagonist is bevacizumab. In an embodiment, the TNFa antagonist is the

adnectin of SEQ ID NO:2 and the VEGF antagonist is ranibizumab. In an

embodiment, the TNFa antagonist is the adnectin of SEQ ID NO:2 and the VEGF

antagonist is r84. In an embodiment, the TNFa antagonist is the adnectin of SEQ ID

NO:2 and the VEGF antagonistis aflibercept. In an embodiment, the TNFa

antagonist is the adnectin of SEQ ID NO:2 and the VEGF antagonist is CT01. In an

embodiment, the TNFa antagonistis the adnectin of SEQ ID NO:2 and the VEGF

antagonist is DOM15-10-11. In an embodiment, the TNFa antagonist is the adnectin

of SEQ ID NO:2 and the VEGF antagonist is DOM15-26-593. In an embodiment, the

TNFa antagonist is the adnectin of SEQ ID NO:2 and the VEGF antagonist is PRS-

050. In an embodiment, the TNFa antagonistis the adnectin of SEQ ID NO:2 and the

VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonistis the

adnectin of SEQ ID NO:2 and the VEGF antagonist is MP0112. In an embodiment,

the TNFa antagonist is the adnectin of SEQ ID NO:2 and the VEGF antagonistis CT-

322. In an embodiment, the TNFa antagonist is the adnectin of SEQ ID NO:2 and the

VEGF antagonist is ESBA903. In an embodiment, the TNFa antagonist is the

adnectin of SEQ ID NO:2 and the VEGF antagonist is EPI-O030. In an embodiment,

the TNFa antagonist is the adnectin of SEQ ID NO:2 and the VEGF antagonistis

EPI-0010. . In an embodiment, the TNFa antagonist is the adnectin of SEQ ID NO:2

and the VEGF antagonist is DMS1571

In an embodiment, the TNFa antagonist is golimumab and the VEGF antagonistis

bevacizumab.In an embodiment, the TNFa antagonist is golimumab and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is golimumab and

the VEGF antagonist is r84. In an embodiment, the TNFa antagonist is golimumab

and the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonistis

golimumab and the VEGF antagonist is CT01. In an embodiment, the TNFa

antagonist is golimumab and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonist is golimumab and the VEGF antagonistis

DOM15-26-593. In an embodiment, the TNFa antagonist is golimumab and the

VEGF antagonist is PRS-050. In an embodiment, the TNFa antagonist is golimumab

and the VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonistis

golimumab and the VEGF antagonist is MP0112. In an embodiment, the TNFa

antagonist is golimumab and the VEGF antagonist is CT-322. In an embodiment, the

TNFa antagonist is golimumab and the VEGF antagonist is ESBA903. In an
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embodiment, the TNFa antagonist is golimumab and the VEGF antagonistis EPI-

0030. In an embodiment, the TNFa antagonistis golimumab and the VEGF

antagonist is EPI-0010. In an embodiment, the TNFa antagonist is golimumab and

the VEGF antagonist is DMS1571.

In an embodiment, the TNFa antagonist is certolizumab and the VEGF antagonistis

bevacizumab.In an embodiment, the TNFa antagonist is certolizumab and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is certolizumab

and the VEGF antagonistis r84. In an embodiment, the TNFa antagonistis

certolizumab and the VEGF antagonistis aflibercept. In an embodiment, the TNFa

antagonist is certolizumab and the VEGF antagonist is CT01. In an embodiment, the

TNFa antagonistis certolizumab and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonistis certolizumab and the VEGF antagonistis

DOM15-26-593. In an embodiment, the TNFa antagonist is certolizumab and the

VEGF antagonist is PRS-050. In an embodiment, the TNFa antagonistis

certolizumab and the VEGF antagonist is PRS-051. In an embodiment, the TNFa

antagonist is certolizumab and the VEGF antagonist is MP0112. In an embodiment,

the TNFa antagonist is certolizumab and the VEGF antagonist is CT-322. In an

embodiment, the TNFa antagonistis certolizumab and the VEGF antagonistis

ESBA903. In an embodiment, the TNFa antagonistis certolizumab and the VEGF

antagonist is EPI-O030. In an embodiment, the TNFa antagonist is certolizumab and

the VEGF antagonist is EPI-0010. In an embodiment, the TNFa antagonistis

certolizumab and the VEGF antagonist is DMS157 1.

In an embodiment, the TNFa antagonist is ALK-6931 and the VEGF antagonistis

bevacizumab. In an embodiment, the TNFa antagonist is ALK-6931 and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonist is ALK-6931 and

the VEGF antagonistis r84. In an embodiment, the TNFa antagonist is ALK-6931

and the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonist is

ALK-6931 and the VEGF antagonist is CT01. In an embodiment, the TNFa

antagonist is ALK-6931 and the VEGF antagonist is DOM15-10-11. In an

embodiment, the TNFa antagonist is ALK-6931 and the VEGF antagonist is DOM15-

26-593. In an embodiment, the TNFa antagonist is ALK-6931 and the VEGF

antagonist is PRS-050. In an embodiment, the TNFa antagonist is ALK-6931 and the

VEGF antagonist is PRS-051. In an embodiment, the TNFa antagonist is ALK-6931

and the VEGF antagonist is MP0112. In an embodiment, the TNFa antagonistis

ALK-6931 and the VEGF antagonist is CT-322. In an embodiment, the TNFa
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antagonist is ALK-6931 and the VEGF antagonist is ESBA903. In an embodiment,

the TNFa antagonist is ALK-6931 and the VEGF antagonist is EPI-0030. In an

embodiment, the TNFa antagonist is ALK-6931 and the VEGF antagonist is EPI-

0010. In an embodiment, the TNFa antagonist is ALK-6931 and the VEGF antagonist

is DMS1571.

In an embodiment, the TNFa antagonist is an antibody comprising a heavy chain of

SEQ ID NO:30 and a light chain or SEQ ID NO:31 and the VEGF antagonistis

bevacizumab. In an embodiment, the TNFa antagonist is an antibody comprising a

heavy chain of SEQ ID NO:30 and a light chain or SEQ ID NO:31 and the VEGF

antagonist is ranibizumab. In an embodiment, the TNFa antagonistis an antibody

comprising a heavy chain of SEQ ID NO:30 and a light chain of SEQ ID NO:31 and

the VEGF antagonistis r84. In an embodiment, the TNFa antagonist is an antibody

comprising a heavy chain of SEQ ID NO:30 andalight chain of SEQ ID NO:31 and

the VEGF antagonistis aflibercept. In an embodiment, the TNFa antagonist is an

antibody comprising a heavy chain of SEQ ID NO:30 anda light chain of SEQ ID

NO:31 and the VEGF antagonist is CTO1. In an embodiment, the TNFa antagonistis

an antibody comprising a heavy chain of SEQ ID NO:30 anda light chain of SEQ ID

NO:31 and the VEGF antagonist is DOM15-10-11. In an embodiment, the TNFa

antagonist is an antibody comprising a heavy chain of SEQ ID NO:30 and a light

chain of SEQ ID NO:31 and the VEGF antagonist is DOM15-26-593. In an

embodiment, the TNFa antagonist is an antibody comprising a heavy chain of SEQ

ID NO:30 and a light chain of SEQ ID NO:31 and the VEGF antagonist is PRS-050.

In an embodiment, the TNFa antagonist is an antibody comprising a heavy chain of

SEQ ID NO:30 and a light chain of SEQ ID NO:31 and the VEGF antagonist is PRS-

051. In an embodiment, the TNFa antagonist is an antibody comprising a heavy

chain of SEQ ID NO:30 anda light chain of SEQ ID NO:31 and the VEGF antagonist

is MP0112. In an embodiment, the TNFa antagonist is an antibody comprising a

heavy chain of SEQ ID NO:30 and a light chain of SEQ ID NO:31 and the VEGF

antagonist is CT-322. In an embodiment, the TNFa antagonist is an antibody

comprising a heavy chain of SEQ ID NO:30 andalight chain of SEQ ID NO:31 and

the VEGF antagonist is ESBA903. In an embodiment, the TNFa antagonistis an

antibody comprising a heavy chain of SEQ ID NO:30 and a light chain of SEQ ID

NO:31 and the VEGF antagonist is EPI-0030. In an embodiment, the TNFa

antagonist is an antibody comprising a heavy chain of SEQ ID NO:30 and a light

chain of SEQ ID NO:31 and the VEGF antagonist is EPI-0010. In an embodiment,
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the TNFa antagonist is an antibody comprising a heavy chain of SEQ ID NO:30 and

a light chain of SEQ ID NO:31 and the VEGF antagonist is DMS1571.

Each of the above combinations may also be used to generate dual targeting

molecules of the invention. Particular and non-limiting examples of dual targeting

molecules of the invention are as follows: Fc enabled DMS4000 (SEQ ID NO:14 and

SEQ ID NO:12), Fe disabled DMS4000 (SEQ ID NO:47 and SEQ ID NO: 12),

DMS4031 (SEQ ID NO: 16 and SEQ ID NO:12), DOM-PEPin-line fusion (SEQ ID

NO:62), PEP-DOM in-line fusion (SEQ ID NO: 64), a dual targeting molecule having

a heavy chain selected from SEQ ID NO:69-72 and a light chain of SEQ ID NO:12,

and thoselisted in SED ID NO:72-140.

The antigen-binding proteins of the present invention may be produced by

transfection of a host cell with an expression vector comprising the coding sequence

for the antigen-binding protein of the invention. An expression vector or recombinant

plasmid is produced by placing these coding sequencesfor the antigen-binding

protein in operative association with conventional regulatory control sequences

capable of controlling the replication and expression in, and/or secretion from, a host

cell. Regulatory sequencesinclude promoter sequences, e.g., CMV promoter, and

signal sequences which can be derived from other known antibodies. Similarly, a

second expression vector can be produced having a DNA sequence which encodes

a complementary antigen-binding protein light or heavy chain. In certain

embodiments this second expression vectoris identical to the first except insofar as

the coding sequences and selectable markers are concerned, so to ensure as far as

possible that each polypeptide chain is functionally expressed. Alternatively, the

heavy and light chain coding sequencesfor the antigen-binding protein may reside

on a single vector, for example in two expression cassettes in the same vector.

A selected hostcell is co-transfected by conventional techniques with both the first

and second vectors (or simply transfected by a single vector) to create the

transfected host cell of the invention comprising both the recombinant or synthetic

light and heavy chains. The transfectedcell is then cultured by conventional

techniques to produce the engineered antigen-binding protein of the invention. The

antigen-binding protein which includes the association of both the recombinant heavy

chain and/or light chain is screened from culture by appropriate assay, such as

ELISA or RIA. Similar conventional techniques may be employed to construct other

antigen-binding proteins.
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Suitable vectors for the cloning and subcloning steps employed in the methods and

construction of the compositionsof this invention may be selected by oneofskill in

the art. For example, the conventional pUC series of cloning vectors may be used.

One vector, pUC19, is commercially available from supply houses, such as

Amersham (Buckinghamshire, United Kingdom) or Pharmacia (Uppsala, Sweden).

Additionally, any vector which is capable of replicating readily, has an abundance of

cloning sites and selectable genes(e.g., antibiotic resistance), and is easily

manipulated may be usedfor cloning. Thus, the selection of the cloning vectoris not

a limiting factor in this invention.

The expression vectors may also be characterized by genes suitable for amplifying

expression of the heterologous DNA sequences,e.g., the mammalian dihydrofolate

reductase gene (DHFR). Other vector sequencesinclude a poly A signal sequence,

such as from bovine growth hormone (BGH) and the betaglobin promoter sequence

(betaglopro). The expression vectors useful herein may be synthesized by

techniques well knownto those skilled in this art.

The components of such vectors, e.g. replicons, selection genes, enhancers,

promoters, signal sequences andthe like, may be obtained from commercial or

natural sources or synthesized by known proceduresfor usein directing the

expression and/or secretion of the product of the recombinant DNAin a selected

host. Other appropriate expression vectors of which numeroustypes are knownin

the art for mammalian, bacterial, insect, yeast, and fungal expression may also be

selected for this purpose.

The present invention also encompassesa cell line transfected with a recombinant

plasmid containing the coding sequencesof the antigen-binding proteins of the

present invention. Host cells useful for the cloning and other manipulations of these

cloning vectors are also conventional. However, cells from various strains of E. coli

may be usedfor replication of the cloning vectors and other steps in the construction

of antigen-binding proteins of this invention.

Suitable host cells or cell lines for the expression of the antigen-binding proteins of

the invention include mammalian cells such as NSO, Sp2/0, CHO (e.g. DG44), COS,

HEK,a fibroblast cell (e.g., 3T3), and myeloma cells, for example they may be

expressed in a CHO or a myelomacell. Human cells may be used, thus enabling the
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molecule to be modified with human glycosylation patterns. Alternatively, other

eukaryotic cell lines may be employed. The selection of suitable mammalian host

cells and methodsfor transformation, culture, amplification, screening and product

production and purification are knownin the art. See, e.g., Sambrooket al., cited

above.

Bacterial cells may prove useful as host cells suitable for the expression of the

recombinant Fabs or other embodiments of the present invention (see, e.g.,

Plickthun, A., Immunol. Rev. (1992) 130: 151-188). However, due to the tendency

of proteins expressedin bacterial cells to be in an unfolded or improperly folded form

or in a non-glycosylated form, any recombinant Fab producedin a bacterial cell

would have to be screened for retention of antigen binding ability. If the molecule

expressed bythe bacterial cell was produced in a properly folded form, that bacterial

cell would be a desirable host, or in alternative embodiments the molecule may

expressin the bacterial host and then be subsequently re-folded. For example,

various strains of E. coli used for expression are well-Known as hostcells in the field

of biotechnology. Various strains of B. subtilis, Streptomyces, other bacilli and the

like may also be employedin this method.

Wheredesired, strains of yeast cells known to thoseskilled in the art are also

available as host cells, as well as insect cells, e.g. Drosophila and Lepidoptera and

viral expression systems. See, e.g. Miller et a/., Genetic Engineering (1986) 8: 277-

298, Plenum Press and referencescited therein.

The general methods by which the vectors may be constructed, the transfection

methods required to produce the host cells of the invention, and culture methods

necessary to produce the antigen-binding protein of the invention from such hostcell

mayall be conventional techniques. Typically, the culture method of the present

invention is a serum-free culture method, usually by culturing cells serum-free in

suspension. Likewise, once produced, the antigen-binding proteins of the invention

may be purified from the cell culture contents according to standard procedures of

the art, including ammonium sulfate precipitation, affinity columns, column

chromatography, gel electrophoresis and the like. Such techniques are within the

skill of the art and do notlimit this invention. For example, preparation of altered

antibodies are described in WO 99/58679 and WO 96/16990.
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Yet another method of expression of the antigen-binding proteins mayutilize

expression in a transgenic animal, such as described in U. S. Patent No. 4,873,316.

This relates to an expression system using the animal's casein promoter which when

transgenically incorporated into a mammal permits the female to produce the desired

recombinantprotein in its milk.

In a further aspect of the invention there is provided a method of producing an

antibody of the invention which method comprises the step of culturing a host cell

transformed or transfected with a vector encoding the light and/or heavy chain of the

antibody of the invention and recovering the antibody thereby produced.

In accordance with the present invention there is provided a method of producing an

antigen-binding protein of the present invention which method comprises the steps

of;

(a) providing a vector comprising a polynucleotide encoding the antigen-

binding protein

(b) transforming a mammalian host cell (e.g. CHO) with said vector;

(c) culturing the host cell of step (b) under conditions conducive to the

secretion of the antigen-binding protein from said host cell into said

culture media;

(d) recovering the secreted antigen-binding protein of step (c).

In accordance with the present invention there is provided a method of producing an

antigen-binding protein of the present invention which method comprises the steps

of;

(a) providing a first vector encoding a heavy chain of the antigen-binding

protein;

(b) providing a second vector encoding a light chain of the antigen-binding

protein;

(c) transforming a mammalian hostcell (e.g. CHO) with said first and second

vectors;

(d) culturing the host cell of step (c) under conditions conducive to the

secretion of the antigen-binding protein from said host cell into said

culture media;

(e) recovering the secreted antigen-binding protein of step (d).
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Once expressed by the desired method, the antigen-binding protein is then examined

for in vitro activity by use of an appropriate assay. Presently conventional ELISA

assay formats are employed to assess qualitative and quantitative binding of the

antigen-binding protein to its target. Additionally, other in vitro assays may also be

usedto verify neutralizing efficacy prior to subsequent humanclinical studies

performed to evaluate the persistence of the antigen-binding protein in the body

despite the usual clearance mechanisms.

The dose and duration of treatmentrelates to the relative duration of the molecules of

the present invention in the humancirculation, and can be adjusted by oneofskill in

the art depending upon the condition being treated and the general health of the

patient. It is envisaged that repeated dosing (e.g. once a week or once every two

weeks) over an extended time period (e.g. four to six months) maybe required to

achieve maximal therapeutic efficacy.

The mode of administration of the therapeutic agent of the invention may be any

suitable route which delivers the agent to the eye of the host. Systemic

administration may be sufficient to deliver effective amounts of the antigen-binding

proteins and pharmaceutical compositions of the invention via passive, e.g.

intravenous or subcutaneous, administration. The antigen-binding proteins and

pharmaceutical compositions of the invention may also be delivered morelocally to

the eye either by topical application e.g. eye drops or a gel, intravitreal injection,

intracameral or periocular administration, i.e. subsclerally via either retrobulbar,

peribulbar, subtenon or subconjunctival injection or via delivery to the inferior,

superior or lateral rectus muscle. Other routes of local administration may allow the

antigen-binding proteins and pharmaceutical compositions of the invention to reach

the posterior segment of the eye more readily at lower doses. Topical application has

been described to allow penetrance of antibody fragments to the posterior of the eye

in the rabbit model, (Williams KA efta/., (2005)). Intravitreal injection of antibody

fragments or full monoclonal antibodies has been described andis well-tolerated for

AMD patients for the products ranibizumab and bevacizumab.

In an embodiment, the TNF antagonist and the VEGF antagonist are both

administered intravitreally. In an embodiment, the VEGF antagonist is administered

intravitreally and the TNF antagonist, in particular ESBA105, is administered by a

meansother than topically e.g. also intravitreally or subconjunctivally. In an
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embodiment the TNF antagonist is administered intravitreally and the VEGF

antagonist is administered topically.

It can be useful to target the delivery of the antigen binding protein into particular

regions of the eye such asthe surface of the eye, or to the tear ducts or lachrymal

glands or there can beintra-ocular delivery (e.g. to the anterior or posterior chambers

of the eye, such asthe vitreous humour) and to ocular structures such as theiris,

ciliary body, lachrymal gland. Hence the invention further provides a method of

delivering a composition directly to the eye which comprises administering said

composition to the eye by a method selected from: intra-ocular injection, topical

delivery (e.g. eye drops), peri-ocular administration and use of a slow release

formulation.

lt can also be useful if the antigen binding protein is delivered to the eye e.g. by

topical delivery (e.g. as eye drops), along with an ocular penetration enhancere.g.

sodium caprate, or with a viscosity enhancer e.g. Hydroxypropylmethylcellulose

(HPMC). Accordingly the invention further provides compositions comprising (a)

antigen binding protein of the invention and also (b) an ocular penetration enhancer

and /or (c) a viscosity enhancere.g. for topical delivery to the eye.

Delivery of the antigen-binding proteins and pharmaceutical compositions of the

invention may also be administered by an intravitreal implant. Retrobulbar and

peribulbar injections can be achieved with special 23 to 26 gauge needles and are

less invasive than intravitreal injections. Subtenon injection places the composition in

contact with the sclera for a longer period which could aid penetration to the posterior

eye. Injection of proteins just beneath the conjuctiva has been described in rabbit

models and this allows molecules to diffuse more directly across the sclera to reach

the posterior segmentof the eye.

Sustained release drug delivery systems may also be used which allow for release of

material over a longer time-frame into or around the eye so that dosing could be less

frequent. Such systems include micelles, gels, hydrogels, nanoparticles,

microcapsules or implants that can befilled or coated with therapeutic compositions.

These may be delivered into the vitreous of the eye byinjection or by any of the other

previously described less invasive routes, i.e. through the periocular or sub-scleral

routes. Examples of such sustained release systems and local delivery routes

include thermo-sensitive slow release hydrogels for subscleral administration or
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intravitreal administration of a nanoparticle based formulation that targets to the

posterior retina and RPE layer (Janoira KG,et a/., (2007); Birch DG (2007)). Many

other combinations of delivery system and local administration route are possible and

could be considered for compositions of the antigen-binding proteins, and

pharmaceutical compositions of the invention.

In a particular embodiment, an antigen binding protein of the invention is

administered intravitreally by intravitreal injection. In a particular embodiment, an

antigen protein of the invention, in particular a dual targeting construct, is

administered intravitreally every 4-8 weeks, preferably every 6-8 weeks. Ina

particular embodiment, an antigen binding protein is administered by subconjunctival

injection. In a particular embodiment, an antigen binding protein of the invention is

administered topically. In another embodiment, an antigen binding protein of the

invention is administered via a sustained release drug delivery system. In a particular

embodiment, an antigen binding protein of the invention is administered via

intravenousinjection. In a particular embodiment, an antigen binding protein of the

invention is administered via subcutaneous injection.

In a particular embodimentof the invention, the antigen binding protein is DMS4000

or an antigen binding protein consisting of a heavy chain sequence of SEQ ID

NO:69, 70, 71 or 72 and a light chain sequence of SEQ ID NO:12, whichis to be

administered by intravitreal injection every 4-8 weeks.

Therapeutic agents of the invention may be prepared as pharmaceutical

compositions containing an effective amountof the antigen-binding protein of the

invention as an active ingredient in a pharmaceutically acceptable carrier. In the

prophylactic agent of the invention, an aqueous suspension or solution containing the

antigen-binding protein, may be buffered at physiological pH, in a form readyfor

injection. The compositions for parenteral administration will commonly comprise a

solution of the antigen-binding protein of the invention or a cocktail thereof dissolved

in a pharmaceutically acceptable carrier, for example an aqueous carrier. A variety

of aqueous carriers may be employed, e.g., 0.9% saline, 0.3% glycine, and the like.

These solutions may be madesterile and generally free of particulate matter. These

solutions may be sterilized by conventional, well Knownsterilization techniques (é.g.,

filtration). The compositions may contain pharmaceutically acceptable auxiliary

substances as required to approximate physiological conditions such as pH adjusting

and buffering agents, etc. The concentration of the antigen-binding protein of the
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invention in such pharmaceutical formulation can vary widely,i.e., from less than

about 0.5%, usually at or at least about 1% to as much as 15 or 20% by weight and

will be selected primarily based on fluid volumes,viscosities, etc., according to the

particular mode of administration selected.

Thus, a pharmaceutical composition of the invention for intramuscular injection could

be prepared to contain 1 mL sterile buffered water, and between about 1 ng to about

200 mg, e.g. about 50 ng to about 30 mg or more, or about 5 mg to about 25 mg,of

an antigen-binding protein of the invention. Similarly, a pharmaceutical composition

of the invention for intravenous infusion could be made up to contain about 250 ml of

sterile Ringer's solution, and about 1 to about 30 or about 5 mg to about 25 mg of an

antigen-binding protein of the invention per ml of Ringer’s solution. Actual methods

for preparing parenterally administrable compositions are well Known orwill be

apparentto thoseskilled in the art and are described in more detail in, for example,

Remington's Pharmaceutical Science, 15th ed., Mack Publishing Company, Easton,

Pennsylvania. For the preparation of intravenously administrable antigen-binding

protein formulations of the invention see Lasmar U and Parkins D “The formulation of

Biopharmaceutical products”, Pharma. Sci.Tech.today, page 129-137, Vol.3 (3April

2000); Wang, W “Instability, stabilisation and formulation of liquid protein

pharmaceuticals”, Int. J. Pharm 185 (1999) 129-188; Stability of Protein

Pharmaceuticals Part A and B ed Ahern T.J., Manning M.C., New York, NY: Plenum

Press (1992); Akers,M.J. “Excipient-Drug interactions in Parenteral Formulations”,

J.Pharm Sci 91 (2002) 2283-2300; Imamura, K et al/., “Effects of types of sugar on

stabilization of Protein in the dried state”, J Pharm Sci 92 (2003) 266-274; Izutsu,

Kkojima, S. “Excipient crystalinity and its protein-structure-stabilizing effect during

freeze-drying”, J Pharm. Pharmacol, 54 (2002) 1033-1039; Johnson, R, “Mannitol-

sucrose mixtures-versatile formulations for protein lyophilization”, J. Pharm. Sci, 91

(2002) 914-922:Ha,E Wang W, WangYj. “Peroxide formation in polysorbate 80 and

protein stability’, J. Pharm Sci, 91, 2252-2264 (2002) the entire contents of which are

incorporated herein by reference and to which the readeris specifically referred.

In one embodiment the therapeutic agent of the invention, when in a pharmaceutical

preparation, is present in unit dose forms. The appropriate therapeutically effective

dose will be determined readily by those of skill in the art. Suitable doses may be

calculated for patients according to their weight, for example suitable doses may be

in the range of 0.00001 to 20mg/kg, for example 0.0001 to 20mgq/kg, for example 0.1

to 20mg/kg, for example 1 to 20mg/kg or for example 1 to 15mg/kg, for example 10
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to 15mg/kg. To effectively treat conditions of use in the present invention in a human,

suitable doses may be within the range of 0.0001 to 1000 mg, for example 0.001 to

1000mg, for example 0.01 to 500mg, for example 500mg, for example 0.1 to 100mg,

or 0.1 to 80mg, or 0.1 to 60mg, or 0.1 to 40mg, or for example 1 to 100mg,or 1 to

50mg, of an antigen-binding protein of this invention, which may be administered

parenterally, for example subcutaneously, intravenously or intramuscularly; or

topically. Such dose may,if necessary, be repeated at appropriate time intervals

selected as appropriate by a physician.

Wherethe therapeutic agentis to be administered directly into the eye, e.g. by

intravitreal injection, it is preferable that the dosage should be suchthat thetotal

amount of protein administered to each human eye does not exceed 2 mg. In an

embodimentthe total amount of protein administered to a single human eyeis

approximately 2 mg. In an embodiment the total amount of protein administered to a

single human eyeis approximately 1.8 mg. In an embodiment the total amount of

protein administered to a single human eyeis approximately 1.6 mg. In an

embodiment the total amount of protein administered to a single human eyeis

approximately 1.4 mg. In an embodiment the total amount of protein administered to

a single humaneyeis approximately 1.2 mg. In an embodimentthe total amount of

protein administered to a single human eye is approximately 1.0 mg. In an

embodiment, the total amount of protein administered to a single human eyeis less

than 2.0 mg, less than 1.8 mg, less than 1.6 mg, less than 1.4 mg, less than 1.2 mg,

or less than 1.0 mg.

The antigen-binding proteins described herein can be lyophilized for storage and

reconstituted in a suitable carrier prior to use. This technique has been shownto be

effective with conventional immunoglobulins and art-knownlyophilization and

reconstitution techniques can be employed.

There are several methods knownin the art which can be usedto find epitope-

binding domains of use in the present invention.

The term “library” refers to a mixture of heterogeneous polypeptides or nucleic acids.

The library is composed of members, each of which has a single polypeptide or

nucleic acid sequence. Tothis extent, “library” is synonymous with “repertoire.”

sequence differences betweenlibrary members are responsible for the diversity

present in the library. The library may take the form of a simple mixture of
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polypeptides or nucleic acids, or may be in the form of organismsorcells, for

example bacteria, viruses, animal or plant cells and the like, transformed with a

library of nucleic acids. In one example, each individual organism orcell contains

only one or a limited numberof library members. Advantageously, the nucleic acids

are incorporated into expression vectors, in order to allow expression of the

polypeptides encoded bythe nucleic acids. In a one aspect, therefore, a library may

take the form of a population of host organisms, each organism containing one or

more copies of an expression vector containing a single memberofthelibrary in

nucleic acid form which can be expressed to produceits corresponding polypeptide

member. Thus, the population of host organisms hasthe potential to encode a large

repertoire of diverse polypeptides.

A “universal framework”is a single antibody framework sequence corresponding to

the regions of an antibody conserved in sequence as defined by Kabat (“Sequences

of Proteins of Immunological Interest’, US Department of Health and Human

Services) or corresponding to the human germline immunoglobulin repertoire or

structure as defined by Chothia and Lesk, J. Mol. Biol. (1987) 196: 910-917. There

may be a single framework, or a set of such frameworks, which has been found to

permit the derivation of virtually any binding specificity though variation in the

hypervariable regions alone.

Amino acid and nucleotide sequence alignments and homology, similarity or identity,

as defined herein are in one embodiment prepared and determined using the

algorithm BLAST 2 Sequences,using default parameters (Tatusova, T. A.et al.,

FEMSMicrobiol Lett, (1999) 174: 187-188).

Whena display system (e.g., a display system thatlinks coding function of a nucleic

acid and functional characteristics of the peptide or polypeptide encoded by the

nucleic acid) is used in the methods described herein, e.g. in the selection of a dAb

or other epitope binding domain, it is frequently advantageous to amplify or increase

the copy numberof the nucleic acids that encode the selected peptides or

polypeptides. This provides an efficient way of obtaining sufficient quantities of

nucleic acids and/or peptides or polypeptides for additional rounds of selection, using

the methods described herein or other suitable methods,or for preparing additional

repertoires (e.g., affinity maturation repertoires). Thus, in some embodiments, the

methods of selecting epitope binding domains comprises using a display system

(e.g., that links coding function of a nucleic acid and functional characteristics of the
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peptide or polypeptide encoded by the nucleic acid, such as phage display) and

further comprises amplifying or increasing the copy numberof a nucleic acid that

encodesa selected peptide or polypeptide. Nucleic acids can be amplified using any

suitable methods, such as by phage amplification, cell growth or polymerase chain

reaction.

In one example, the methods employ a display system that links the coding function

of a nucleic acid and physical, chemical and/or functional characteristics of the

polypeptide encoded by the nucleic acid. Such a display system can comprise a

plurality of replicable genetic packages, such as bacteriophageorcells (bacteria).

The display system may comprise a library, such as a bacteriophagedisplaylibrary.

Bacteriophage display is an example of a display system.

A numberof suitable bacteriophage display systems (e.g., monovalent display and

multivalent display systems) have been described. (See, e.g., Griffiths et a/., U.S.

Patent No. 6,555,313 B1 (incorporated herein by reference); Johnsonef a/., U.S.

Patent No. 5,733,743 (incorporated herein by reference); McCafferty et a/., U.S.

Patent No. 5,969,108 (incorporated herein by reference); Mulligan-Kehoe, U.S.

Patent No. 5,702,892 (Incorporated herein by reference); Winter, G. ef a/., Annu.

Rev. Immunol. (7994) 72: 433-455; Soumillion, P. ef a/., Appl. Biochem. Biotechnol.

(1994) 47(2-3): 175-189; Castagnoli, L. et a/., Comb. Chem. High Throughput

Screen (2007) 4(2): 121-133) The peptides or polypeptides displayed in a

bacteriophage display system can be displayed on any suitable bacteriophage, such

as a filamentous phage (e.g., fd, M13, F1), a lytic phage (e.g., T4, T7, lambda), or an

RNA phage(e.g., MS2), for example.

Generally, a library of phage that displays a repertoire of peptides or

phagepolypeptides, as fusion proteins with a suitable phage coat protein (e.g., fd plll

protein), is produced or provided. The fusion protein can display the peptides or

polypeptidesat the tip of the phage coat protein, or if desired at an internal position.

For example, the displayed peptide or polypeptide can be present at a position that is

amino-terminal to domain 1 of pill. (Domain 1 of plll is also referred to as N1.) The

displayed polypeptide can be directly fused to plll (e.g., the N-terminus of domain 1

of plll) or fused to plll using a linker. If desired, the fusion can further comprise a tag

(e.g., myc epitope, His tag). Libraries that comprise a repertoire of peptides or

polypeptides that are displayed as fusion proteins with a phage coat protein can be

produced using any suitable methods, such as byintroducing a library of phage

58

Regeneron Exhibit 1002.0963



10

15

20

25

30

35

WO 2010/136492 PCT/EP2010/057246

vectors or phagemid vectors encoding the displayed peptides or polypeptides into

suitable host bacteria, and culturing the resulting bacteria to produce phage(e.g.,

using a suitable helper phage or complementing plasmid if desired). The library of

phage can be recovered from the culture using any suitable method, such as

precipitation and centrifugation.

The display system can comprise a repertoire of peptides or polypeptides that

contains any desired amountof diversity. For example, the repertoire can contain

peptides or polypeptides that have amino acid sequencesthat correspond to

naturally occurring polypeptides expressed by an organism, group of organisms,

desired tissue or desired cell type, or can contain peptides or polypeptides that have

random or randomized amino acid sequences. If desired, the polypeptides can share

a commoncore or scaffold. For example,all polypeptides in the repertoire orlibrary

can be based on a scaffold selected from protein A, protein L, protein G, a fibronectin

domain, an anticalin, CTLA4, a desired enzyme (e.g., a polymerase,a cellulase), or a

polypeptide from the immunoglobulin superfamily, such as an antibody or antibody

fragment(e.g., an antibody variable domain). The polypeptides in such a repertoire

or library can comprise defined regions of random or randomized amino acid

sequence and regions of common amino acid sequence. In certain embodiments,all

or substantially all polypeptides in a repertoire are of a desired type, such as a

desired enzyme(é.g., a polymerase) or a desired antigen-binding fragment of an

antibody (e.g., human V;, or human V_). In some embodiments, the polypeptide

display system comprises a repertoire of polypeptides wherein each polypeptide

comprises an antibody variable domain. For example, each polypeptide in the

repertoire can contain a Vy, a V_ or an Fv (e.g., a single chain Fv).

Amino acid sequencediversity can be introduced into any desired region of a peptide

or polypeptide or scaffold using any suitable method. For example, amino acid

sequencediversity can be introducedinto a target region, such as a complementarity

determining region of an antibody variable domain or a hydrophobic domain, by

preparing a library of nucleic acids that encodethe diversified polypeptides using any

suitable mutagenesis methods(e.g., low fidelity PCR, oligonucleotide-mediated or

site directed mutagenesis, diversification using NNK codons) or any other suitable

method. If desired, a region of a polypeptide to be diversified can be randomized.

The size of the polypeptides that make up the repertoire is largely a matter of choice

and uniform polypeptide size is not required. The polypeptides in the repertoire may

haveat least tertiary structure (i.e. form at least one domain).
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Selection/Isolation/Recovery

An epitope binding domain or population of domains can be selected, isolated and/or

recovered from a repertoire or library (e.g., in a display system) using any suitable

method. For example, a domain is selected or isolated based on a selectable

characteristic (e.g., physical characteristic, chemical characteristic, functional

characteristic). Suitable selectable functional characteristics include biological

activities of the peptides or polypeptides in the repertoire, for example, binding to a

generic ligand (¢.g., a superantigen), binding to a targetligand (@.g., an antigen, an

epitope, a substrate), binding to an antibody (e.g., through an epitope expressed on a

peptide or polypeptide), and catalytic activity. (See, e.g., Tomlinson et a/., WO

99/20749; WO 01/57065; WO 99/58655.)

In some embodiments, the protease resistant peptide or polypeptide is selected

and/or isolated from a library or repertoire of peptides or polypeptides in which

substantially all domains share a commonselectable feature. For example, the

domain can be selected from a library or repertoire in which substantially all domains

bind a common generic ligand, bind a commontargetligand, bind (or are bound by) a

commonantibody, or possess a commoncatalytic activity. This type of selection is

particularly useful for preparing a repertoire of domains that are based on a parental

peptide or polypeptide that has a desired biological activity, for example, when

performing affinity maturation of an immunoglobulin single variable domain.

Selection based on binding to a commongeneric ligand can yield a collection or

population of domains that contain all or substantially all of the domains that were

components of the original library or repertoire. For example, domainsthat bind a

target ligand or a generic ligand, such as protein A, protein L or an antibody, can be

selected, isolated and/or recovered by panning or using a suitable affinity matrix.

Panning can be accomplished by adding a solution of ligand (e.g., generic ligand,

targetligand) to a suitable vessel (e.g., tube, petri dish) and allowing the ligand to

becomedeposited or coated onto the walls of the vessel. Excess ligand can be

washed away and domains can be added to the vessel and the vessel maintained

under conditions suitable for peptides or polypeptides to bind the immobilized ligand.

Unbound domains can be washed away and bound domains can be recovered using

any suitable method, such as scraping or lowering the pH, for example.

Suitable ligand affinity matrices generally contain a solid support or bead (e.g.,

agarose) to which a ligand is covalently or noncovalently attached. The affinity

matrix can be combined with peptides or polypeptides (e.g., a repertoire that has
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been incubated with protease) using a batch process, a column processor any other

suitable process under conditions suitable for binding of domains to the ligand on the

matrix. Domains that do not bind the affinity matrix can be washed away and bound

domains can be eluted and recovered using any suitable method, such as elution

with a lower pH buffer, with a mild denaturing agent (e.g., urea), or with a peptide or

domain that competesfor binding to the ligand. In one example,a biotinylated target

ligand is combined with a repertoire under conditions suitable for domainsin the

repertoire to bind the target ligand. Bound domains are recovered using immobilized

avidin or streptavidin (e.g., on a bead).

In some embodiments, the generic or target ligand is an antibody or antigen binding

fragment thereof. Antibodies or antigen binding fragments that bind structural

features of peptides or polypeptides that are substantially conserved in the peptides

or polypeptides of a library or repertoire are particularly useful as generic ligands.

Antibodies and antigen binding fragments suitable for use as ligands forisolating,

selecting and/or recovering protease resistant peptides or polypeptides can be

monoclonalor polyclonal and can be prepared using any suitable method.

LIBRARIES/REPERTOIRES

Libraries that encode and/or contain epitope binding domains can be prepared or

obtained using any suitable method. A library can be designed to encode domains

based on a domain or scaffold of interest (¢.g., a domain selected from a library) or

can be selected from anotherlibrary using the methods described herein. For

example, a library enriched in domains can be prepared using a suitable polypeptide

display system.

Libraries that encode a repertoire of a desired type of domain can readily be

produced using any suitable method. For example, a nucleic acid sequencethat

encodesa desired type of polypeptide (e.g., an immunoglobulin variable domain) can

be obtained and a collection of nucleic acids that each contain one or more mutations

can be prepared, for example by amplifying the nucleic acid using an error-prone

polymerasechain reaction (PCR) system, by chemical mutagenesis (Deng et al., J.

Biol. Chem., 269:9533 (1994)) or using bacterial mutator strains (Low et al., J. Mol.

Biol., 260:359 (1996)).

In other embodiments, particular regions of the nucleic acid can be targeted for

diversification. Methods for mutating selected positions are also well knownin the art
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and include, for example, the use of mismatched oligonucleotides or degenerate

oligonucleotides, with or without the use of PCR. For example, synthetic antibody

libraries have been created by targeting mutations to the antigen binding loops.

Random or semi-random antibody H3 and L3 regions have been appendedto

germline immunobulin V gene segments to produce large libraries with unmutated

framework regions (Hoogenboom and Winter (1992) supra; Nissim et al. (1994)

supra; Griffiths ef a/. (1994) supra; DeKruif et a/. (1995) supra). Such diversification

has been extendedto include someorall of the other antigen binding loops (Crameri

et al. Nature Med. (1996) 2: 100; Riechmannet a/. Bio/Technology (1995) 13: 475;

Morphosys, WO 97/08320, supra). In other embodiments, particular regions of the

nucleic acid can be targeted fordiversification by, for example, a two-step PCR

strategy employing the product of the first PCR as a “mega-primer.” (See, e.g.,

Landt, O. et al., Gene (1990) 96: 125-128) Targeted diversification can also be

accomplished, for example, by SOE PCR. (See, e.g., Horton, R.M.et a/., Gene

(1989) 77: 61-68)

Sequencediversity at selected positions can be achieved by altering the coding

sequence which specifies the sequence of the polypeptide such that a numberof

possible amino acids (e.g., all 20 or a subset thereof) can be incorporatedat that

position. Using the IUPAC nomenclature, the most versatile codon is NNK, which

encodesall amino acids as well as the TAG stop codon. The NNK codon may be

used in order to introduce the required diversity. Other codons which achieve the

same endsare also of use, including the NNN codon, which leads to the production

of the additional stop codons TGA and TAA. Such a targeted approach can allow the

full sequence spacein a target area to be explored.

Some libraries comprise domains that are membersof the immunoglobulin

superfamily (e.g., antibodies or portions thereof). For examplethelibraries can

comprise domains that have a Known main-chain conformation. (See, e.g.,

Tomlinson et al., WO 99/20749.)

Libraries can be prepared in a suitable plasmid or vector. As used herein, vector

refers to a discrete elementthat is used to introduce heterologous DNAinto cells for

the expression and/or replication thereof. Any suitable vector can be used, including

plasmids(e.g., bacterial plasmids), viral or bacteriophage vectors,artificial

chromosomesand episomal vectors. Such vectors may be usedfor simple cloning

and mutagenesis, or an expression vector can be used to drive expression of the
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library. Vectors and plasmids usually contain one or more cloning sites (é.g., a

polylinker), an origin of replication and at least one selectable marker gene.

Expression vectors can further contain elementsto drive transcription and translation

of a polypeptide, such as an enhancer element, promoter, transcription termination

signal, signal sequences, and the like. These elements can be arranged in sucha

wayas to be operably linked to a cloned insert encoding a polypeptide, such that the

polypeptide is expressed and produced when such an expression vectoris

maintained under conditions suitable for expression (é.g., in a suitable host cell).

Cloning and expression vectors generally contain nucleic acid sequences that enable

the vectorto replicate in one or more selected host cells. Typically in cloning vectors,

this sequenceis one that enables the vectorto replicate independently of the host

chromosomal DNAandincludesorigins of replication or autonomously replicating

sequences. Such sequencesare well Knownfora variety of bacteria, yeast and

viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-

negative bacteria, the 2 micron plasmid origin is suitable for yeast, and variousviral

origins (e.g. SV40, adenovirus) are useful for cloning vectors in mammaliancells.

Generally, the origin of replication is not needed for mammalian expression vectors,

unless these are used in mammalian cells able to replicate high levels of DNA, such

as COScells.

Cloning or expression vectors can contain a selection gene also referred to as

selectable marker. Such marker genes encodea protein necessary for the survival

or growth of transformed host cells grown in a selective culture medium. Hostcells

not transformed with the vector containing the selection gene will therefore not

survive in the culture medium. Typical selection genes encode proteins that confer

resistance to antibiotics and othertoxins, e.g. ampicillin, neomycin, methotrexate or

tetracycline, complement auxotrophic deficiencies, or supply critical nutrients not

available in the growth media.

Suitable expression vectors can contain a number of components, for example, an

origin of replication, a selectable marker gene, one or more expression control

elements, such as a transcription control element (e.g., promoter, enhancer,

terminator) and/or one or moretranslation signals, a signal sequence or leader

sequence, and the like. Expression control elements and a signal or leader

sequence,if present, can be provided by the vector or other source. For example,
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the transcriptional and/or translational control sequences of a cloned nucleic acid

encoding an antibody chain can be usedto direct expression.

A promoter can be provided for expression in a desired host cell. Promoters can be

constitutive or inducible. For example, a promoter can be operably linked to a

nucleic acid encoding an antibody, antibody chain or portion thereof, such thatit

directs transcription of the nucleic acid. A variety of suitable promoters for

procaryotic (e.g., the B-lactamase and lactose promoter systems,alkaline

phosphatase,the tryptophan (trp) promoter system, lac, tac, T3, T7 promotersfor E.

coli) and eucaryotic (e.g., simian virus 40 early or late promoter, Rous sarcomavirus

long terminal repeat promoter, cytomegalovirus promoter, adenovirus late promoter,

EG-1a promoter) hosts are available.

In addition, expression vectors typically comprise a selectable marker for selection of

host cells carrying the vector, and, in the case of a replicable expression vector, an

origin of replication. Genes encoding products which confer antibiotic or drug

resistance are commonselectable markers and may be usedin procaryotic (e.g., B-

lactamase gene (ampicillin resistance), Tet gene for tetracycline resistance) and

eucaryotic cells (e.g., neomycin (G418 or geneticin), got (mycophenolic acid),

ampicillin, or hygromycin resistance genes). Dihydrofolate reductase marker genes

permit selection with methotrexate in a variety of hosts. Genes encoding the gene

product of auxotrophic markers of the host (e.g., LEU2, URA3, H/S3) are often used

as selectable markers in yeast. Use ofviral (e.g., baculovirus) or phage vectors, and

vectors which are capable of integrating into the genomeof the host cell, such as

retroviral vectors, are also contemplated.

Suitable expression vectors for expression in prokaryotic (e.g., bacterial cells such as

E. col) or mammalian cells include, for example, a pET vector (e.g., pET-12a, pET-

36, pET-37, pET-39, pET-40, Novagen and others), a phage vector (e.g., DCANTAB

5 E, Pharmacia), pRIT2T (Protein A fusion vector, Pharmacia), pCDM8,

pCDNA1.1/amp, pcDNA3.1, pRc/RSV, pEF-1 (Invitrogen, Carlsbad, CA), pCMV-

SCRIPT, pFB, pSG5, pXT1 (Stratagene, La Jolla, CA), pCDEF3 (Goldman, L.A., et

al., Biotechniques, 21:1013-1015 (1996)), pSVSPORT (GibcoBRL, Rockville, MD),

pEF-Bos (Mizushima, S., et a/., Nucleic Acids Res. (1990) 18: 5322) and the like.

Expression vectors which are suitable for use in various expression hosts, such as

prokaryotic cells (E. coff), insect cells (Drosophila Schnieder S2 cells, Sf9), yeast (P.
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methanolica, P. pastoris, S. cerevisiae) and mammalian cells (eg, COS cells) are

available.

Some examples of vectors are expression vectors that enable the expression of a

nucleotide sequence corresponding to a polypeptide library member. Thus, selection

with generic and/or target ligands can be performed by separate propagation and

expression of a single clone expressing the polypeptide library member. As

described above, a particular selection display system is bacteriophage display.

Thus, phage or phagemid vectors may be used, for example vectors may be

phagemid vectors which have an E. coli. origin of replication (for double stranded

replication) and also a phageorigin of replication (for production of single-stranded

DNA). The manipulation and expression of such vectors is well knownin the art

(Hoogenboom and Winter (1992) supra; Nissim et a/. (1994) supra). Briefly, the

vector can contain a B-lactamase gene to confer selectivity on the phagemid and a

lac promoter upstream of an expression cassette that can contain a suitable leader

sequence, a multiple cloning site, one or more peptide tags, one or more TAG stop

codons andthe phageprotein plll. Thus, using various suppressor and non-

suppressorstrains of E. coli and with the addition of glucose, iso-propyl thio-B-D-

galactoside (IPTG) or a helper phage, such as VCS M13, the vectoris able to

replicate as a plasmid with no expression, produce large quantities of the polypeptide

library memberonly or produce phage, some of which contain at least one copy of

the polypeptide-plll fusion on their surface.

Antibody variable domains may comprise a targetligand binding site and/or a generic

ligand binding site. In certain embodiments, the generic ligand binding site is a

binding site for a superantigen, such as protein A, protein L or protein G. The

variable domains can be based on any desired variable domain, for example a

human VH (e.g., Vata, Vutb, Vu2, Vu3, Vu4, Vu5, Vu6), a human VA (e.g., VAI, VAI,

VATIL, VAIV, VAV, VAVI or Vk1) or a human Vx (e.g., VK2, VK3, Vic4, VK5, V6, V7,

V«8, V«9 or VK10).

A still further category of techniques involves the selection of repertoires in artificial

compartments, which allow the linkage of a gene with its gene product. For example,

a selection system in which nucleic acids encoding desirable gene products may be

selected in microcapsules formed by water-in-oil emulsions is described in

W099/02671, WO00/40712 and Tawfik & Griffiths Nature Biotechnol (1998) 16(7):
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652-6. Genetic elements encoding a gene product having a desired activity are

compartmentalised into microcapsules and then transcribed and/ortranslated to

producetheir respective gene products (RNAorprotein) within the microcapsules.

Genetic elements which produce gene product having desired activity are

subsequently sorted. This approach selects gene products of interest by detecting

the desired activity by a variety of means.

Characterisation of the epitope binding domains.

The binding of a domain to its specific antigen or epitope can be tested by methods

which will be familiar to those skilled in the art and include ELISA. In one example,

binding is tested using monoclonal phage ELISA.

Phage ELISA may be performed according to any suitable procedure: an exemplary

protocolis set forth below.

Populations of phage produced at each round of selection can be screenedfor

binding by ELISA to the selected antigen or epitope, to identify "polyclonal" phage

antibodies. Phage from single infected bacterial colonies from these populations can

then be screened by ELISAto identify "monoclonal" phage antibodies. It is also

desirable to screen soluble antibody fragments for binding to antigen or epitope, and

this can also be undertaken by ELISA using reagents, for example, against a C- or N-

terminal tag (see for example Winter ef a/. Ann. Rev. Immunology (1994) 12: 433-55

and referencescited therein.

The diversity of the selected phage monoclonal antibodies may also be assessed by

gel electrophoresis of PCR products and probing (Markset a/. 1991, supra; Nissim et

al. 1994 supra), (Tomlinson et a/., 1992) J. Mol. Biol. 227, 776) or by sequencing of

the vector DNAorrestriction digets analysis with a frequent cutter such as BSTNI.

Structure of dAbs

In the case that the dAbs are selected from V-gene repertoires selected for instance

using phage display technology as herein described, then these variable domains

comprise a universal framework region, suchthat is they may be recognised by a

specific generic ligand as herein defined. The use of universal frameworks, generic

ligands and thelike is described in WO99/20749.
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Where V-gene repertoires are used variation in polypeptide sequence may be

located within the structural loops of the variable domains. The polypeptide

sequencesof either variable domain may be altered by DNA shuffling or by mutation

in order to enhancethe interaction of each variable domain with its complementary

pair. DNA shuffling is known in the art and taught, for example, by Stemmer, 1994,

Nature 370: 389-391 and U.S. Patent No. 6,297,053, both of which are incorporated

herein by reference. Other methods of mutagenesis are well known to thoseofskill

in the art.

Scaffolds for use in Constructing dAbs

i. Selection of the main-chain conformation

The members of the immunoglobulin superfamily all share a similar fold for their

polypeptide chain. For example, although antibodies are highly diverse in terms of

their primary sequence, comparison of sequences and crystallographic structures

has revealed that, contrary to expectation, five of the six antigen binding loops of

antibodies (H1, H2, L1, L2, L3) adopt a limited number of main-chain conformations,

or canonical structures (Chothia and Lesk J. Mol. Biol. (1987) 196: 901; Chothia efal.

Nature (1989) 342: 877). Analysis of loop lengths and key residues has therefore

enabled prediction of the main-chain conformations of H1, H2, L1, L2 and L3 foundin

the majority of human antibodies (Chothia et a/. J. Mol. Biol. (1992) 227: 799;

Tomlinson et a/. EMBO J. (1995) 14: 4628; Williams ef a/. J. Mol. Biol. (1996) 264:

220). Although the H3 region is much morediverse in terms of sequence, length and

structure (due to the use of D segments), it also forms a limited number of main-

chain conformations for short loop lengths which depend on the length and the

presenceof particular residues, or types of residue, at key positions in the loop and

the antibody framework (Martin ef a/. J. Mol. Biol. (1996) 263: 800; Shirai ef a/. FEBS

Letters (1996) 399: 1).

The dAbs are advantageously assembledfrom libraries of domains, suchaslibraries

of V4 domains and/or libraries of V. domains. In one aspect, libraries of domains are

designedin which certain loop lengths and key residues have been chosen to ensure

that the main-chain conformation of the members is known. Advantageously, these

are real conformations of immunoglobulin superfamily molecules found in nature, to

minimise the chancesthat they are non-functional, as discussed above. Germline V

gene segmenis serve as one suitable basic framework for constructing antibody or T-

cell receptorlibraries; other sequences are also of use. Variations may occurat a low
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frequency, such that a small numberof functional members may possessan altered

main-chain conformation, which does not affect its function.

Canonical structure theory is also of use to assess the numberofdifferent main-

chain conformations encodedbyligands, to predict the main-chain conformation

based on ligand sequences and to choseresiduesfor diversification which do not

affect the canonical structure. It is Known that, in the human V, domain, the L1 loop

can adopt one of four canonical structures, the L2 loop has a single canonical

structure and that 90% of human V, domains adopt oneoffour or five canonical

structures for the L3 loop (Tomlinson ef a/. (1995) supra); thus, in the V, domain

alone, different canonical structures can combine to create a range ofdifferent main-

chain conformations. Given that the VA domain encodesa different range of

canonical structures for the L1, L2 and L3 loops and that V, and VA domains can pair

with any Vy domain which can encode several canonical structures for the H1 and H2

loops, the numberof canonical structure combinations observedfor these five loops

is very large. This implies that the generation of diversity in the main-chain

conformation may be essential for the production of a wide range of binding

specificities. However, by constructing an antibody library based on a single known

main-chain conformation it has been found, contrary to expectation, that diversity in

the main-chain conformation is not required to generate sufficient diversity to target

substantially all antigens. Even more surprisingly, the single main-chain conformation

need not be a consensusstructure - a single naturally occurring conformation can be

used as the basis for an entire library. Thus, in a one particular aspect, the dAbs

possess a single known main-chain conformation.

The single main-chain conformation that is chosen may be commonplace among

molecules of the immunoglobulin superfamily type in question. A conformationis

commonplace whena significant numberof naturally occurring molecules are

observed to adoptit. Accordingly, in one aspect, the natural occurrence of the

different main-chain conformations for each binding loop of an immunoglobulin

domain are considered separately and then a naturally occurring variable domainis

chosen which possesses the desired combination of main-chain conformations for

the different loops. If none is available, the nearest equivalent may be chosen. The

desired combination of main-chain conformationsfor the different loops may be

created by selecting germline gene segments which encode the desired main-chain

conformations. In one example, the selected germline gene segments are frequently
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expressed in nature, and in particular they may be the most frequently expressed of

all natural germline gene segments.

In designing libraries the incidence of the different main-chain conformations for each

of the six antigen binding loops may be considered separately. For H1, H2, L1, L2

and L3, a given conformation that is adopted by between 20% and 100% of the

antigen binding loops of naturally occurring molecules is chosen. Typically, its

observedincidence is above 35% (i.e. between 35% and 100%) and, ideally, above

50% or even above 65%. Since the vast majority of H3 loops do not have canonical

structures, it is preferable to select a main-chain conformation which is commonplace

among those loops which do display canonical structures. For each of the loops, the

conformation which is observed mostoften in the natural repertoire is therefore

selected. In human antibodies, the most popular canonical structures (CS) for each

loop are as follows: H1 - CS 1 (79% of the expressed repertoire), H2 - CS 3 (46%),

L1-CS 2 of V,(39%), L2 - CS 1 (100%), L3 - CS 1 of V,.(86%) (calculation assumes

a «7A ratio of 70:30, Hood ef a/., Cold Spring Harbor Symp. Quant. Biol. (1967) 48:

133). For H3 loops that have canonical structures, a CDR3 length (Kabat etai.

(1991) Sequencesof proteins of immunological interest, U.S. Department of Health

and HumanServices) of seven residues with a salt-bridge from residue 94 to residue

101 appears to be the most common. Thereare at least 16 human antibody

sequencesin the EMBL data library with the required H3 length and key residues to

form this conformation and at least two crystallographic structures in the protein data

bank which can be usedas a basis for antibody modelling (2cgr and 1tet). The most

frequently expressed germline gene segmentsthat this combination of canonical

structures are the Vi, segment 3-23 (DP-47), the Jy segment JH4b, the V,. segment

02/012 (DPKQ) and the J, segment J,.1. Vy segments DP45 and DP38 are also

suitable. These segments can therefore be used in combination as a basis to

construct a library with the desired single main-chain conformation.

Alternatively, instead of choosing the single main-chain conformation based on the

natural occurrenceof the different main-chain conformations for each of the binding

loopsin isolation, the natural occurrence of combinations of main-chain

conformationsis used asthe basis for choosing the single main-chain conformation.

In the case of antibodies, for example, the natural occurrence of canonical structure

combinations for any two, three, four, five, or for all six of the antigen binding loops

can be determined. Here, the chosen conformation may be commonplacein naturally
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occurring antibodies and may be observed most frequently in the natural repertoire.

Thus, in human antibodies, for example, when natural combinationsof the five

antigen binding loops, H1, H2, L1, L2 and L3, are considered, the most frequent

combination of canonical structures is determined and then combined with the most

popular conformation for the H3 loop, as a basis for choosing the single main-chain

conformation.

Diversification of the canonical sequence

Having selected several known main-chain conformations or a single Known main-

chain conformation, dAbs can be constructed by varying the bindingsite of the

molecule in order to generate a repertoire with structural and/or functional diversity.

This meansthat variants are generated suchthat they possess sufficient diversity in

their structure and/orin their function so that they are capable of providing a range of

activities.

The desired diversity is typically generated by varying the selected molecule at one

or more positions. The positions to be changed can be chosen at random or they

may be selected. The variation can then be achieved either by randomisation, during

which the resident amino acid is replaced by any amino acid or analogue thereof,

natural or synthetic, producing a very large numberof variants or by replacing the

resident amino acid with one or more of a defined subset of amino acids, producing a

more limited numberof variants.

Various methods have been reported for introducing such diversity. Error-prone PCR

(Hawkinsef al., J. Mol. Biol. (1992) 226: 889), chemical mutagenesis (Deng etal., J.

Biol. Chem. (1994) 269: 9533) or bacterial mutator strains (Low e¢a/., J. Mol. Biol.

(1996) 260: 359) can be usedto introduce random mutations into the genes that

encode the molecule. Methods for mutating selected positions are also well Knownin

the art and include the use of mismatched oligonucleotides or degenerate

oligonucleotides, with or without the use of PCR. For example, several synthetic

antibodylibraries have been created by targeting mutations to the antigen binding

loops. The H3 region of a humantetanus toxoid-binding Fab has been randomised to

create a range of new binding specificities (Barbas ef a/., Proc. Natl. Acad. Sci. USA

(1992) 89: 4457). Random or semi-random H3 and L3 regions have been appended

to germline V gene segments to producelarge libraries with unmutated framework

regions (Hoogenboom & Winter J. Mol. Biol. (1992) 227: 381; Barbas et al., Proc.

Natl. Acad. Sci. USA (1992) 89: 4457; Nissim et a/., EMBO J. (1994) 13: 692;
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Griffiths et al, EMBO J. (1994) 13: 3245; De Kruif et a/, J. Mol. Biol. (1995) 248: 97).

Such diversification has been extended to include someorall of the other antigen

binding loops (Crameri et a/. Nature Med. (7996) 2: 100; Riechmannetal.

Bio/Technology (1995) 13: 475; Morphosys, WO97/08320, supra).

Since loop randomisation has the potential to create approximately more than 10%

structures for H3 alone and a similarly large numberof variants for the otherfive

loops, it is not feasible using current transformation technology or even by usingcell

free systems to producea library representing all possible combinations. Even for

someofthe largestlibraries constructed in excess of 6 x 10" different antibodies,

using technologies such as ribosomaldisplay, only a fraction of the potential diversity

would be representedin a library of this design (He and Taussig, Nucleic Acid

Research 1997 25(24): 5132).

In a one embodiment, only those residues which are directly involved in creating or

modifying the desired function of the molecule are diversified. For many molecules,

the function will be to bind a target and therefore diversity should be concentrated in

the target binding site, while avoiding changing residues whichare crucial to the

overall packing of the molecule or to maintaining the chosen main-chain

conformation.

In one aspect, libraries of dAbs are used in which only those residuesin the antigen

binding site are varied. These residues are extremely diverse in the human antibody

repertoire and are knownto make contacts in high-resolution antibody/antigen

complexes. For example, in L2 it is known that positions 50 and 53 are diversein

naturally occurring antibodies and are observed to make contact with the antigen. In

contrast, the conventional approach would have beento diversify all the residues in

the corresponding Complementarity Determining Region (CDR1) as defined by Kabat

et a/. (1991, Supra), some seven residues comparedto the two diversified in the

library. This represents a significant improvementin terms of the functional diversity

required to create a range of antigen binding specificities.

In nature, antibody diversity is the result of two processes: somatic recombination of

germline V, D and J gene segmentsto create a naive primary repertoire (so called

germline and junctional diversity) and somatic hypermutation of the resulting

rearranged V genes. Analysis of human antibody sequences has shownthat diversity

in the primary repertoire is focused at the centre of the antigen binding site whereas
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somatic hypermutation spreads diversity to regions at the periphery of the antigen

binding site that are highly conservedin the primary repertoire (see Tomlinsonetal.,

J. Mol. Biol. (1996) 256: 813). This complementarity has probably evolved as an

efficient strategy for searching sequence space and, although apparently unique to

antibodies, it can easily be applied to other polypeptide repertoires. The residues

which are varied are a subset of those that form the binding site for the target.

Different (including overlapping) subsets of residues in the target binding site are

diversified at different stages during selection, if desired.

In the case of an antibody repertoire, an initial ‘naive’ repertoire is created where

some,but notall, of the residues in the antigen binding site are diversified. As used

herein in this context, the term “naive” or “dummy”refers to antibody moleculesthat

have no pre-determined target. These molecules resemble those which are encoded

by the immunoglobulin genes of an individual who has not undergone immune

diversification, as is the case with fetal and newbornindividuals, whose immune

systems have not yet been challenged by a wide variety of antigenic stimuli. This

repertoire is then selected against a range of antigens or epitopes. If required, further

diversity can then be introduced outside the region diversified in the initial repertoire.

This matured repertoire can be selected for modified function, specificity or affinity.

It will be understood that the sequences described herein include sequences which

are substantially identical, for example sequences whichare at least 90% identical,

for example which are at least 91%, or at least 92%, or at least 93%, or at least 94%

or at least 95%,or at least 96%, or at least 97% or at least 98%,or at least 99%

identical to the sequences described herein.

For nucleic acids, the term “substantial identity” indicates that two nucleic acids, or

designated sequencesthereof, when optimally aligned and compared,are identical,

with appropriate nucleotide insertions or deletions, in at least about 80% of the

nucleotides, usually at least about 90% to 95%,or at least about 98% to 99.5% of the

nucleotides. Alternatively, substantial identity exists when the segmentswill hybridize

underselective hybridization conditions, to the complementofthe strand.

For nucleotide and amino acid sequences, the term “identical” indicates the degree of

identity between two nucleic acid or amino acid sequences when optimally aligned

and compared with appropriate insertions or deletions. Alternatively, substantial

identity exists when the DNA segments will hybridize under selective hybridization
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conditions, to the complementofthe strand.

The percent identity between two sequencesis a function of the numberof identical

positions shared by the sequences(i.e., % identity = numberofidentical

positions/total numberof positions, times 100), taking into account the numberof

gaps, and the length of each gap, which needto be introduced for optimal alignment

of the two sequences. The comparison of Sequences and determination of percent

identity between two sequences can be accomplished using a mathematical

algorithm, as described in the non-limiting examples below.

The percent identity between two nucleotide sequences can be determined using the

GAPprogram in the GCGsoftware package, using a NWSgapdna.CMP matrix and a

gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The

percent identity between two nucleotide or amino acid sequences can also be

determined using the algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci.,

4:11-17 (1988)) which has been incorporated into the ALIGN program (version 2.0),

using a PAM120 weight residue table, a gap length penalty of 12 and a gap penalty

of 4. In addition, the percent identity between two amino acid sequences can be

determined using the Needleman and Wunsch (J. Mol. Biol. 48:444-453 (1970))

algorithm which has been incorporated into the GAP program in the GCG software

package,using either a Blossum 62 matrix or a PAM250 matrix, and a gap weight of

16, 14, 12, 10, 8, 6, or 4 and a length weightof 1, 2, 3, 4, 5, or 6.

By way of example, a polypeptide sequence of the present invention may be identical

to the reference sequence encoded by SEQ ID NO: 14, that is be 100% identical, or

it may include up to a certain integer numberof aminoacid alterations as compared

to the reference sequence suchthat the % identity is less than 100%. Such

alterations are selected from the group consisting of at least one amino acid deletion,

substitution, including conservative and non-conservative substitution, or insertion,

and wherein said alterations may occur at the amino- or carboxy-terminal positions of

the reference polypeptide sequence or anywhere between those terminal positions,

interspersed either individually among the amino acids in the reference sequence or

in one or more contiguous groups within the reference sequence. The numberof

amino acid alterations for a given % identity is determined by multiplying the total

numberof amino acids in the polypeptide sequence encoded by SEQ ID NO: 14 by

the numerical percent of the respective percent identity (divided by 100) and then

subtracting that product from said total number of amino acids in the polypeptide
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sequence encoded by SEQ ID NO: 14,or:

naxxa - (xa ey),

wherein na is the numberof amino acid alterations, xa is the total number of amino

acids in the polypeptide sequence encoded by SEQ ID NO: 14, and y is, for instance

0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and wherein any non-integer product

of xa and y is rounded downto the nearestintegerprior to subtracting it from xa.

Examples

Example 1

1.1 Generation of a Dual Targeting anti-TNFa/anti-VEGE mAbdAb (DMS4000)

An anti-TNFa/anti-VEGF mAbdAb (designated DMS4000) was producedbyfusion of

a dAbto the C-terminus of the mAb (adalimumab) heavy chain. For construction of

the heavy chain expression cassette, vector DNA encoding the heavy chain of an

alternative mAbdAb was taken as a starting point. The dAb portion was excised using

the restriction enzymes Sall and Hindlll. DOM15-26-593, an anti-VEGF dAb, was

amplified by PCR (using primers coding Sall and Hindlll ends) and ligated into the

vector backbonefrom which the dAb had been excised using the samerestriction

sites, resulting in a linker of ‘STG’ (serine, threonine, glycine) between the mAb and

the dAb.

Sequenceverified clones (SEQ ID NO:11 and 13 for light and heavy chains

respectively) were selected and large scale DNA preparations were made and the

anti-TNFa/anti-VEGF mAbdAb was expressed in mammalian HEK293-6Ecells

(National Research Council Canada) using transient transfection techniques by co-

transfection of light and heavy chains (SEQ ID NO:12 and 14).

The sequenceof the anti-TNFa/anti-VEGF mAbdAb heavy chain wasfurther

modified to have a codon optimised sequencefor the anti VEGF dAb, and

incorporate L235A and G237A mutations (Kabat numbering)to disable the FC

effector function (DMS4000 mAbdAbheavy chain Fc disabled SEQ ID NO 46 and

47).
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1.2 Purification and SEC analysis of the Dual Targeting anti-TNFa/anti-VEGF

mAbdAb (DMS4000)

The anti-TNFa/anti-VEGF mAbdAb(designated DMS4000) was purified from clarified

expression supernatant using Protein-A affinity chromatography according to

established protocols. Concentrations of purified samples were determined by

spectrophotometry from measurements of light absorbance at 280nm. SDS-PAGE

analysis (figure 1) of the purified sample shows non-reduced sample running at

~170kDa whilst reduced sample shows two bands running at ~25 and ~60kDa

corresponding to light chain and dAb-fused heavy chain respectively.

For size exclusion chromatography (SEC) analysis the anti-TNFa/anti-VEGF

mAbdAb wasapplied onto a Superdex-200 10/30 HR column (attached to an Akta

Express FPLC system) pre-equilibrated and running in PBS at 0.5ml/min. The SEC

profile shows a single species running as a symmetrical peak(figure 2).

1.3 Binding Affinities of the Dual Targeting anti-TNFa/anti-VEGF mAbdAb

(DMS4000)

VEGE Receptor Binding Assay.

This assay measuresthe binding of VEGFie5 to VEGF R2 (VEGF receptor) and the

ability of test molecules to block this interaction. ELISA plates were coated overnight

with VEGF receptor (R&D Systems, Cat No: 357-KD-050) (0.5ug/ml final

concentration in 0.2M sodium carbonate bicarbonate pH9.4), washed and blocked

with 2% BSA in PBS. VEGF (R&D Systems, Cat No: 293-VE-050) andthe test

molecules (diluted in 0.1%BSA in 0.05% Tween 20™ PBS)were pre-incubated for

one hourprior to addition to the plate (3ng/ml VEGF final concentration). Binding of

VEGF to VEGF receptor was detected using biotinylated anti-VEGF antibody

(0.5ug/ml final concentration) (R&D Systems, Cat No: BAF293) and a peroxidase

conjugated anti-biotin secondary antibody (1:5000 dilution) (Stratech, Cat No: 200-

032-096) and visualised at OD450 using a colorimetric substrate (Sure Blue TMB

peroxidase substrate, KPL) after stopping the reaction with an equal volume of 1M

HCl.

MRC-5/TNEa Assay

The ability of test molecules to prevent human TNFa binding to human TNFR1 and

neutralise IL-8 secretion was determined using humanlung fibroblast MRC-5cells. A
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dilution series of test samples was incubated with TNFa (500pg/ml) (Peprotech)for 1

hour. This was then diluted 1 in 2 with a suspension of MRC-5 cells (ATCC, Cat.#

CCL-171) (5x10° cells/well). After an overnight incubation, samples werediluted 1 in

10, and IL-8 release was determined using an IL-8 ABI 8200 cellular detection assay

(FMAT) where the IL-8 concentration was determined using anti-IL-8 (R&D systems,

Cat# 208-IL) coated polystyrene beads, biotinylated anti-IL-8 (R&D systems, Cat#

BAF208) and streptavidin Alexafluor 647 (Molecular Probes, Cat#S32357). The

assay readout waslocalised fluorescence emission at 647nm and unknownIL-8

concentrations were interpolated using an IL-8 standard curve included in the assay.

Binding affinities to VEGF and TNFa were determined as described as set out above.

Assay data were analysed using GraphPad Prism. Potency values were determined

using a sigmoidal dose response curve and the datafitted using the best fit model.

Anti-VEGF potency (Figure 3) of this mAbdAb was calculated to be 57pM whilst the

control, an anti-VEGF mAb, gave an EC50 value of 366pM. In the anti-TNFa

bioassay (Figure 4) the potency was 10pM whilst an anti-TNFa control mAb

produced an EC50 of 22pM.In conclusion, assay data showsthatthis dual targeting

mAbdAbis potent against both antigens (TNFa and VEGF).

1.4 Rat PK of the Dual Targeting anti-TNFa/anti-VEGF mAbdAb (DMS4000)

This molecule wastested forits in vivo pharmacokinetic properties in the rat. The

anti-TNFa/anti-VEGF mAbdAb was administered i.v. to three rats, and serum

samples collected over a period of 10 days (240 hours). The concentration of drug

remaining at various time points post-dose was assessed by ELISA against both

TNFa & VEGF. The results are shownin Figure 5.

The PK parameters confirmed that this molecule had jn vivo pharmacokinetic

properties that compared with those of an anti-TNFa mAb. The shorter observed tj.

for the VEGF componentis not considered to be significant and may be an assay

artefact. Further details are shown in Table 3.
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Table 3

% AUC

Antigen Half Life Cmax AUC (0-inf) Clearance Extrapolated

(hr) (ug/mL)=(hr* g/mL) (mL/hr/kg)

TNFa 180.1 89.9 7286.3

VEGF 94.2 102.8 4747.1
 
1.5 Generation of an alternative anti-TNFa/anti-VEGF mAbdAb (DMS4031)

Analternative anti-TNFa/anti-VEGF mAbdAb (designated DMS4031) was

constructed in a similar way to that described above in Example 1.1, using the same

anti-TNFa mAb (adalimumab)linked to a VEGF dAb on the C-terminus of the heavy

chain using an STGlinker. The anti-VEGF dAb usedin this case was DOM15-10-11.

This molecule was expressed in mammalian HEK293-6E cells (National Research

Council Canada) using transient transfection techniques by co-transfection oflight

and heavy chains (SEQ ID NO:12 and 16). This molecule expressed to give a

mAbdAbof similar expression levels to that described in Example 1.2, however when

tested for potency in the same VEGF assayas described in Example 1.3 it was found

to have undetectable levels of inhibition of VEGF binding to VEGF receptorin this

assay.

Example 2

Biacore analysis of dual targeting anti-TNFa/anti-VEGF mAbdAbs

The test mAbdAb was subjected to BlAcore analysis to determine kinetic association

and dissociation constants for binding to their corresponding antigens. Analysis was

performed on BlAcore™ 3000 instrument. The temperature of the instrument was set

to 25°C. HBS-EP buffer was used as running buffer. Experimental data were

collected at the highest possible rate for the instrument. One flow cell on a research

grade CM5 chip was coated with protein A using standard amine coupling chemistry

according to manufacturer’s instructions, and a secondflow cell was treated equally

but buffer was used instead of protein A to generate a reference surface. The flow

cell coated with protein A was then used to capture mAbdAbs. Antigen was injected

as a series 2x serial dilutions as detailed in table 2. Several dilutions were run in

duplicate. Injections of buffer alone instead of ligand were used for background

subtraction. Samples were injected in random orderusing the kinetics Wizard
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inherent to the instrument software. The surface was regenerated at the end of each

cycle by injecting 10mM Glycine, pH 1.5. Both data processing and kineticfitting

were performed using BlAevaluation software 4.1. Data showing averages of

duplicate results (from the same run) is shown in Table 4. The multiple values shown

for DMS4031 represent two experiments run on separate occasions. The value of

787nM probably overestimates the affinity due to the concentrations of ligand

analysed

Table 4

Top
Molecule #

Antigen|Ka [1/Ms]|Kd [1/s] concentration |

number ’ " dilutionsn 

DMS4000|TNFa|3.65E+05|4.16E-05

ouster[VEGFEraeos|a7eEor|sao|zs|
 
Example 3

Stoichiometry assessment of antigen bindin roteins (using Biacore™

This example is prophetic. It provides guidance for carrying out an additional assayin

which the antigen binding proteins of the invention can be tested.

Anti-human IgG is immobilised onto a CM5 biosensorchip by primary amine

coupling. Antigen binding proteins are captured onto this surface after which a single

concentration of TNFa or VEGFis passed over, this concentration is enough to

saturate the binding surface and the binding signal observed reachedfull R-max.

Stoichiometries are then calculated using the given formula:

Stoich=Rmax * Mw(ligand) / Mw (analyte)* R (ligand immobilised or captured)

Wherethe stoichiometries are calculated for more than one analyte binding at the

sametime,the different antigens are passed over sequentially at the saturating

antigen concentration and the stoichometries calculated as above. The work can be

carried out on the Biacore 3000, at 25°C using HBS-EP running buffer.
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Example 4

Design and Construction of CTLA4-lg fused to anti-VEGFR2 adnectin viaa GS

linker (BPC1821)

A codon-optimised DNA sequence encoding CTLA4-lg (a Hindill site at the N-

terminus and BamHI site at the C-terminus were includedto facilitate cloning) was

constructed and cloned into a mammalian expression vector (pTT expression vector

from the National Research Council Canada with a modified multiple cloning site

(MCS)) containing the CTO1 adnectin. This allowed the adnectin to be fused onto the

C-terminus of the CTLA4-lg via a GS linker. The resulting antigen binding protein

was named BPC1821. The DNA and protein sequences of BPC1821 are givenin

SEQ |.D. No. 26 and 27 respectively.

The expression plasmid encoding BPC1821 wastransiently transfected into HEK

293-6E cells (National Research Council Canada) using 293fectin (Invitrogen,

12347019). A tryptone feed was added to the cell culture after 24 hours and the

supernatant was harvested after 96 hours. BPC1821 waspurified using a Protein A

column before being tested in a binding assay.

Example 5

VEGER2 and B7-1 Binding ELISA (BPC1821)

A 96-well high binding plate was coated with 0.4yug/ml of recombinant human

VEGFR2 Fc Chimera (R&D Systems, 357-KD-050) in PBS and stored overnight at

4°C. The plate was washedtwice with Tris-Buffered Saline with 0.05% of Tween-20.

200uL of blocking solution (5% BSA in DPBS buffer) was added to each well and the

plate was incubated for at least 1hour at room temperature. Another wash step was

then performed. BPC1821 and two negative control antibodies (Sigma 15154 and the

bispecific IGF1R-VEGFR2 antigen binding construct BPC1801 — heavy chain SEQ

ID NO:163 and light chain SEQ ID NO:164) were successively diluted across the

plate in blocking solution. After 1 hour incubation, the plate was washed.

Recombinant human B7-1 Fc Chimera (RnD Systems, 140-B1-100) wasbiotinylated

using the ECL biotinylation module from GE Healthcare. The labelling was performed

at a quarterof the kit recommendedlevel. The biotinylated B7-1 wasdiluted in

blocking solution to 1pg/mL and 50uL was added to each well. The plate was

incubated for one hour then washed. ExtrAvidin peroxidase (Sigma, E2886) was
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diluted 1 in 1000 in blocking solution and 50uL was addedto each well. After

another wash step, 50ul of OPD SigmaFast substrate solution was added to each

well and the reaction was stopped 15 minutes later by addition of 25uL of 3M

sulphuric acid. Absorbance was read at 490nm using the VersaMax Tunable

Microplate Reader (Molecular Devices) using a basic endpoint protocol.

Figure 6 showsthe results of the ELISA and confirms that bispecific BPC1821 shows

binding to both VEGFR2 and B7-1. The negative control antibodies do not show

binding to both VEGFR2 and B7-1. Control concentrations were diluted from starting

concentrations of 2 ug/ml.

Example 6

Design and Construction of CTLA4-Ig fused to an anti-VEGF dAb via a GS

linker (BPC1825)

The DNA plasmid containing the CTLA4-lg fused to the anti-VEGFR2 adnectin was

used as a base plasmid to construct a CTLA4-lg-anti-VEGF dAbbispecific. The

vector was prepared by digesting the base plasmid with BamHI and EcoRI to remove

the adnectin sequence. DNA sequences encoding the anti-VEGF dAb were

restricted with BamHI and EcoRI andligated into the vector. The resulting CTLA4-lg-

anti-VEGF dAbbispecific was named BPC1825, where the dAb was fused onto the

C-terminus of the CTLA4-lg via a GS linker. The DNA and protein sequences of

BPC1825are given in SEQ ID NO:28 and 29, respectively.

The expression plasmid encoding BPC1825 wastransiently transfected into HEK

293-6E cells (National Research Council Canada) using 293fectin (Invitrogen,

12347019). A tryptone feed was added to eachcell culture after 24 hours and

supernatants were harvested after 96 hours. The supernatants were used as thetest

articles in binding assays.

Example 7

VEGFand B7-1 Binding ELISA (BPC1825)

A 96-well high binding plate was coated with 0.4ug/ml of human VEGF 165 (in-house

material) in PBS and stored overnight at 4°C. The plate was washedtwice with Tris-

Buffered Saline with 0.05% of Tween-20. 200uUL of blocking solution (65% BSAin
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DPBS buffer) was added to each well and the plate was incubated for at least 1hour

at room temperature. Another wash step was then performed. BPC1825 and two

negative control antibodies (Sigma 15154 and BPC1824 — a CTLA4-lg-anti-IL-13 dAb

fusion — SEQ ID NO:165) were successively diluted across the plate in blocking

solution. After 1 hour incubation, the plate was washed. Recombinant human B7-1

Fc Chimera (RnD Systems, 140-B1-100) was biotinylated using the ECL biotinylation

module from GE Healthcare. The labelling was performed at a quarter of the kit

recommendedlevel. The biotinylated B7-1 was diluted in blocking solution to 1ug/mL

and 50uL was added to each well. The plate was incubated for one hour then

washed. ExtrAvidin peroxidase (Sigma, E2886) was diluted 1 in 1000 in blocking

solution and 50uL was added to each well. After another wash step, 50ul of OPD

SigmaFast substrate solution was added to each well and the reaction was stopped

15 minutes later by addition of 25uL of 3M sulphuric acid. Absorbance wasread at

490nm using the VersaMax Tunable Microplate Reader (Molecular Devices) using a

basic endpoint protocol.

Figure 7 showsthe results of the ELISA and confirms that bispecific BPC1825 shows

binding to both VEGF and B7-1. The negative control antibodies do not show binding

to both VEGFand B/?-1. Concentration of Sigma 15154 IgG wasdiluted from a

starting concentration of 2 ug/ml.

Example 8

Design and construction of a TNFa receptor Fc fusion fused to a VEGF dAb via

an STG or TVAAPPSTGlinker

A codon-optimised DNA sequence encoding a human TNFa receptor Fc fusion

(etanercept) was constructed and cloned into a mammalian expression vector (pTT5)

along with the DOM15-26-593 anti VEGF dAb from the DMS4000 construct.

The Receptor Fc wasflanked with additional sequences to provide an N-terminal

Campath1 signal peptide, and provide either an STGlinker or

TVAAPSTVAAPSTVAAPSTVAAPSTGlinker at the C-terminus for fusion to the dAb.

The flanking sequencesincluded an Agelrestriction site and a Sall restriction site to

facilitate cloning into the vector with the dAb. The resulting antigen binding proteins

were named EtanSTG593 and EtanTV4593, respectively. The DNA and protein
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sequencesof EtanSTG593 are given in SEQ ID No:48 and 49, respectively, and of

EtanTV4593 are given in SEQ ID No: 50 and 51 respectively.

Example 9

EtanSTG593 and EtanTV4593 purification and VEGF and TNFa binding

Analysis

The EtanSTG593 and EtanTV4593 plasmids were independently expressed in HEK

293-6E cells (National Research Council Canada) using 293Fectin (Invitrogen) for

transfection. EtanSTG593 and EtanTV4593 were harvested after 5 days, and purified

by MAb Select Sure (GE Healthcare) affinity chromatography to give batch samples

M4004 and M4005 respectively. The proteins were formulated in F1 buffer (0.1M

Citrate pH6, 10% PEG300, 5% Sucrose) or ET buffer (10mM Tris pH7.4, 4% D-

Mannitol, 1% Sucrose). The proteins were further purified by Size Exclusion

Chromotography on a HiLoad Superdex S200 10/300 GL column (GE Healthcare) to

reduce the level of aggregates.

Binding analysis was carried out on a ProteOn XPR36 machine (BioRad TM). Protein

A was immobilised on a GLM chip by primary amine coupling. The constructs to be

tested were captured on this Protein A surface. The analytes, TNFa and VEGF were

used at 256 nM, 64 nM, 16 nM, 4nM and 1nM. 0 nM (i.e. buffer alone)TNFa and

VEGF was used to double reference binding curves.

The novel six by six flowcell set up of the ProteOn allows up to six constructs to be

captured at the sametime and also allows six concentrations of analyte to be flowed

over the captured antibody(s), in all generating 36 interactions per cycle.

To regenerate the Protein A surface, 50 mM NaOH wasused, this removed captured

construct(s) and allowed another capture and binding cycle to begin. The data

obtained wasfitted to 1:1 model inherent to the ProteOn analysis software. The run

wascarried out using HBS-EPas running buffer and at a temperature of 25°C.

Table 5: VEGE Binding Results

Ka [1/Ms] Kd [4/s]
1.18E+05
 

3.18E+05
 

1.24E+05

M4005 ET 4.54E+05 4.44E-05 0.098
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Table 6: TNFa Binding Results

Construct Ka [1/Ms] Kd [1/s] KD(nM)
 

M4004 F1 5.10E+06 1.22E-04 0.024  M4005 F1 4.95E+06 1.05E-04 0.021

M4004 ET 4.81E+06 1.15E-04 0.024

M4005 ET 4.87E+06 1.38E-04 0.028
 

Example 10 — prophetic example

10.1 Generating dual-targeting antigen binding proteins

A dual-targeting antigen binding construct can be engineered by introducing physical

linkages between two previously identified antigen binding proteins e.g. antibody

fragments or whole monoclonal antibodies. The physical linkages may be introduced

by encoding genetic linker sequences between the two moieties. The nature of the

linker in terms of length and amino acid composition may have a bearing on the

properties of one or both of the moieties in the bispecific agent. In the event of having

multiple antibodies or antibody fragments for generating bispecifics, an empirical

approach may be adoptedto identify an optimum combination of leads.

Individual binding moieties such as mAbs, FAbs, ScFvs, dAbs etc. against defined

targets can be identified and developed in isolation using a variety of well

documentedjn vivo (for example: Harlow, E and Lane, D (1998) Antibodies, A

Laboratory Manual, Cold Spring Harbor Laboratory Press) and /n vitro (for example:

BarbasIII, CF et al (2001) Phage Display, A Laboratory Manual, Cold Spring Harbor

Laboratory Press) techniques to deliver agents with Known properties of potency,

efficacy and biophysical behaviour. From these individual agents a numberof

different bispecific opportunities arise which are only limited by the degree of

complexity of the molecular engineering required to create them. The desired

molecular architecture is normally determined by the nature of the condition to be

treated. For example, for chronic dosing a molecular format that delivers an

intrinsically long in vivo half life is to be favoured. This can be most readily achieved

by the inclusion of the Fc region of an IgG antibody which delivers long terminal half

life by virtue of salvage recycling pathways. Thus a mAbor other Fc-basedbispecific

is a frequently employed format.
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To develop a mAb-based dual targeting molecule one potential approachis to

appendan antibody fragmentto a full IgG. At a molecular level, this can be done by

introducing a restriction site at one of the termini of the mAb chain and inserting an

antibody fragment such that the mAb chain is extended with an additional functional

unit. The nature of the linker between the functional units may need to be varied to

optimise the overall properties of the bispecific. If a range of different antibody

fragments are available that address the sametarget, these maybedirectly

compared with one another using this approach. Bispecifics of this nature will

normally be expressed in mammalian cells, typically HEK293 cells transiently but

CHOcells for stable cells lines and large-scale manufacturing. For TNF/VEGF

bispecifics, an anti-TNFa mAb maybelinked to a VEGF binding protein such as an

antibody fragmentin this manner, or alternatively an anti-VEGF mAb maybelinked

to an anti-TNFa binding protein. For example, TNFa and VEGF antagonists that may

be utilised in this way are listed in table 1 and 2, respectively. In such an exercise, if

all possible reagents are available, all potential combinations would be tested.

Non mAb-basedbispecifics can be madebylinking two antibody fragments or other

proteins which bind antigens in a generally analogous mannertogether as a genetic

fusion. The junction of the two units is normally represented bya linker of a length

and sequence composition that may be determined empirically. Such molecules

allow freedom of molecular engineering due to their modular, single chain nature and

afford the possibility of expression in systems other than mammaliancells.

Figure 8 shows a matrix of possible dual targeting constructs that may be usedin

accordancewith the invention. Sequences of a numberof the possible dual targeting

constructs shownin Figure 8 are given in SEQ ID NO:73-140. In these specific dual

targeting molecules a ‘TVAAPS’linker (SED ID NO:4)is used to link the component

parts, with the exception of heavy chains in DVD-lgs, DVD-Fabsfusions with N-

terminal ScFvs (SEQ ID NO:116-118) and fusions with N-terminal VH dAbs (SEQ ID

NO:133, 134) wherethe linker is ‘ASTKGPS’ (SEQ ID NO:6). SEQ ID NO:73-140 are

exemplary only and the skilled person would realise that other linkers and

constructions are possible.
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IgG Immunoglobulin G

mAb Monoclonal antibody

FAb Fragmentfor antigen binding

ScFv Single chain variable fragment

dAb Domain antibody

VHH Camelid single domain antibody

A/C Anticalin

Dpn Darpin

Axn Adnectin

DVD-lg Dual variable domain IgG

Fc IgG CH2-CH3 region

Rec Receptor

PEG Polyethylene glycol

  
 

10.2 Testing the dual-targeting antigen binding proteins for required

characteristics

Potency/Affinity: A fundamental property of a bispecific molecule suitable for further

developmentis a kinetic binding affinity (usually determined by a form of surface

plasmon resonance (SPR), for example BlAcore) for antigen which, in turn, would be

used to predict a minimum pharmacologically effective concentration after a given

therapeutic dose based upon prior knowledge of antigen concentration and

availability. The affinity may also be predicted to be related to neutralisation potency,

an attribute normally assessed by an in vitro assay that determines the concentration

of compound that mediates a particular pharmacological effect. This may be the

inhibition of a receptor/ligand binding event or the stimulation/inhibition of a

downstream response pathway. For example, the potency of a TNF antagonist may

be assessed by the extent to which it prevents the production of other cytokines that

are regulated by TNF. A commonform of this would be the reduction in the secretion

of IL8 from MRC-5 cells in response to TNF. Fora VEGF antagonist, the extent to

which receptor phosphorylation is reduced is a direct consequenceof the inhibitory

potency of anti-VEGF agent, whilst the reduction in proliferation of HUVEC cells is a
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biological correlate of this effect. As with the kinetic affinity, the bispecific would be

required to demonstrate target potency for both antigens.

Biophysics: Because conventional mAbs are known to have good expression,

biophysical and pharmacokinetic profiles, any developable bispecific molecule would

be required to demonstrate similar characteristics. Expression level would be

determined during transient and stable cell culture and would be required to be in the

same normal range as conventional therapeutic antibodies. The bispecific would

need to be amenableto similar purification processes to mAbs (for example protein-A

capture) and other down stream processing (DSP) steps that are required in the

production of clinical grade material. The purified protein would need to demonstrate

a clean, symmetrical size exclusion chromatography (SEC)profile, stability at high

(>25mg/ml) protein concentrations in biocompatible buffers and resistance to a range

of stress conditions (temperature, pH, freeze-thaw, deamidation conditions etc).

Pharmacckinetics (PK)/Pharmacodynamics (PD): The pharmacokinetic profile of a

bispecific antigen binding protein is required to be consistent with the nature of the

targets and the diseasesetting. In the majority of cases, antibodies are positively

differentiated by virtue of their long serum half life and this is usually the desired

profile. PK as normally assessed in both rodent and primate species and the terminal

half life (t1,28) of the bispecific should be comparable with that of antibody agents

against the sametargets (it is assumed that the bispecific will reflect the more rapidly

cleared species in the eventof the two activities being metabolised at radically

different rates). PK assays for bispecific molecules ideally measure the two activities

in a single assay (a bridging assay), thereby providing confidence that the residual

drug in the circulation is intact and fully bifunctional (for example, TNF is immobilized

on a plate, the samples containing drug are addedto the plate and the amountof

bispecific present assayed by the addition of, for example, biotinylated VEGF which

is itself detected by an anti-biotin agent). Other in vivo analyses on bispecific

compoundswould include the testing in models of disease underthe proviso that

such models exist and that the cross-reactivity of the bispecific with the host species

is well understood. For a TNF/VEGF bispecific this may include inflammatory

conditions wherethe inflammation is exacerbated by increased vascular leakage or a

vascularproliferative condition where the activation of macrophagesin the local

environment exacerbates the disease state. In primates, such models mayalso allow

the derivation of certain pharmacodynamic markersof activity that may play a role in

the calculation of dose etc.
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Safety: Therelative novelty of bispecific formats (even if the component parts and

targets are precedented)raises issues of safety and tolerability. As with any

biological drug, the full range of toxicology tests would be required, with an increased

emphasis on any hypothetical concerns related to the bispecific molecular format.

This may include additional unanticipated pharmacology or the potential for

increased immunogenicity. The latter possibility may be addressed using in silico

tools to look for T-cell epitopes which could be used to construct a risk profile for this

aspect of the molecule.

Non mAb-basedbispecific formats (for example direct fusion of two antibody or

antibody-like fragments) can be judged on manyof the samecriteria of affinity,

potency and biophysical behaviour, although someattributes, in particular PK, may

vary with different molecular format. Such molecules may also be producedin

different expression systems (for example, in prokaryotic cells), which mayin itself

create different requirements especially with regardsto purification, DSP and safety

studies.

Example 11

TNE/VEGF dAb-dAbin-line fusions (ILF)

Detailed below is a method for constructing dAb-dAbin-line fusions in order to make

a TNF-VEGF bispecific. However, as described above in Example 10, the same

approach could be used to generate any other bispecific based upon antibodies or

antibody fragments with similar target specificities.

Bispecific molecules that have the potential to inhibit both TNFa and VEGF were

constructed by the genetic fusion of two single Domain Antibodies (dAbs) into a dAb-

dAbin-line fusion (ILF). To construct these molecules, independently selected dAbs

againstthe two targets were isolated by phage display and high affinity and potency

against the targets was achieved by roundsof affinity maturation using a range of

suitable techniques. The final molecules that were selected for the ILFs were

DOM15-26-593 (anti-VEGF) (SEQ ID NO:1) and PEP 1-5-19 (anti-TNFa) (SEQ ID

NO:35).
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DOM15-26-593 is a VH dAb with a monomeric affinity for human VEGF-A of

approximately 1nM. PEP 1-5-19 is a Vk dAb with a monomeric affinity for human

TNFaof approximately 8nM. Twodifferent ILF constructs were made, one with the

DOM15-26-593 dAb at the amino terminus (abbreviated below as “DOM-PEP”), and

one with the PEP1-5-19 dAbin this location (“‘PEP-DOM”’). The two dAbsin the ILFs

were separated by a short linker that was derived from a sequence naturally

associated with the C terminus of a VH or a Vk dAb. Hence the ILF with the VH dAb

at the N-terminusincludedthe linker “ASTKGPS’”(SEQ ID NO:6 - the natural

extension from VH into CH1), and the ILF with the PEP1-5-19 at the N-terminus

included the linker sequence “TVAAPS’”(SEQ ID NO:4 - the natural extension from

Vk into Ck).

To makethe ILFs, the mammalian transient expression vector pTT5 (NRC, Canada)

was modified to include a secretion signal and appropriate cloning sites. These were

as detailed below in table 8. To make the DOM-PEP construct, individual fragments

corresponding to the DOM15-26-593 dAb and PEP1-5-19 domain dAb were

amplified with the respective gene specific primers as described below. Linker

sequencesandrestriction sites were incorporated within the primer sequences.

Table 8

N.B. restriction sites are underlined in DNA sequences

Primer Sequence 5’ - 3’ Comments
forward primerfor

AVG18 attatgqggatccaccggcgaggtgcagcigttggtgt DOM15-26-593
(SEQ ID NO:52) (DOM-PEP,has

BamHI site)
reverse primerfor

AVG19

AVG36

  gctggggccctiggtgctagcgctcgagacggtgaccagg
(SEQ ID NO:53)

ctcgagcgctaqcaccaagggccccagcgacatccagatgaccc

(SEQ ID NO:56)

gcgccgccaccgtacgttigatttccaccttggtccc
(SEQ ID NO:57)
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attatgqgatccaccggcgacatccagatgacccagtctcc forward primerfor
AVG22 gagatccaccggeg garg g PEP (PEP-DOM,

has BamHI site)
reverse primer for
PEP (PEP-DOM,
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forward primerfor

caaacgtacagtggcggcgccgagcgagatgcagctgttggtgte|DOM1S-26-S93
AVGS7 (SEQ ID NO:58) (PEP-DOM,has

BsiW1site but short

overhang for digest

reverse primerfor

AVG25 ttatgtcaagcttttagctcgagacggtgaccag DOM15-26-593
(SEQ ID NO:59) (PEP-DOM,has

HindIll site)
forward primerfor
DOM15-26-593

AVG24 ggtggaaatcaaacgtacggtggcggcgccgagcga evoie has
(SEQ ID NO:60) ——

appropriate
overhang for
subsequentdigest)

    
DOM15-26-593 for the DOM-PEP construct was amplified with AVG18 and AVG19

and PEP1-5-19 for the DOM-PEPconstruct was amplified with AVG26 and AVG21.

After purification the PCR fragments were digested with BamHI and Nhel, and Nhel

and Hindlll respectively and the fragments purified. They were then added to a 3-

fragmentligation with a modified form of the vector pTT5 which contained a multiple

cloning site that allowed the insertion of a BamHI-Hindlll fragment downstream of a

eukaryotic promoter. Ligations, transformations and analysis of resulting colonies

was done using standard techniques, with nucleotide sequence analysis confirming

that the resulting vector contained an insert with a sequenceaslaid out in SEQ ID

NO:61, predicting a translation product shown in SEQ ID NO:62.

For the PEP-DOM construct, the PEP 1-5-19 dAb was amplified with AVG22 and

AVG36 and the DOM15-26-593 dAb with AVG37 & AVG25. These fragments were

digested with BamHI and BsiW| (PEP) and BsiWI and Hindlll (DOM), respectively.

The DOM fragment was foundto digest poorly and this wasattributed to the short

overhang on the 8’ end of the primer. The PCR product was therefore re-amplified

with AVG25 and AVG24 to extend the overhang, the digest was repeated and the

fragment addedto a 3-fragment ligation along with digested PEP insert and the pTT5

vector as described above. Ligations, transformations and analysis of resulting

colonies was doneusing standard techniques, with nucleotide sequence analysis

confirming that the resulting vector contained an insert with a sequenceaslaid out in

SEQ ID NO‘63, predicting a translation product shown in SEQ ID NO:64.
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The sequenced clones were preparedfor transfection by DNA maxiprep and DNA

transfected into HEK293-6E cells (National Research Council Canada) using

standard methodology.After clarification of the culture medium, the recombinant

protein was harvested from transfected cell supernatant by protein-A affinity

chromatography and purified material buffer exchanged into PBS and quantified. The

ability of these proteins to bind both TNFa and VEGF wasthen assessed by surface

plasmon resonance (SPR) as described below.

Using a numberof monoclonal antibodies (alternatively protein A or protein L could

be used) believed to bind to either VH or Vk dAbs away from the dAb CDR regions,

the DOM-PEP and PEP-DOM proteins were captured on the sensor surface via the

mAbs, the TNF and VEGFligands were flowed over the captured bispecific and the

binding characteristics analysed. The analysis determined that when the compounds

were captured with either one of 2 different anti-Vk dAbs tested the binding of the

TNE ligand was impaired, suggesting that this capture antibody wassterically

interfering with the ligand binding. Further analysis was therefore restricted to the

bispecific captured with an anti-VH dAb monoclonal antibody.

Approximately 1600 response units (RUs) of the anti-VH monoclonal were captured

on a protein-A surface and the test compounds passed over the complex. The

experimental set up was designed to provide a qualitative rather than quantitative

measureof the binding activities therefore estimations of kinetics etc. were not

possible. The clearest data was obtained for the PEP-DOM protein, where the two

dAbs were both clearly able to bind to the ligands independently and simultaneously

as evidenced by the additive binding curves (Figures 9 & 10).

Closer analysis of the binding events in the curve in Figure 9 demonstrates the

binding of both ligands to the PEP-DOM protein.

The possibility of DOM-PEP binding both TNFa and VEGFis also seen (data not

shown).
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Example 12

An_in vivo study: Laser-Induced Choroidal Neovascularisation (CNV) in rats: 

testing DMS1571 (VEGF-dab) and Enbrel™ separately

Rationale

Results obtained in a previous experiment showedthat the anti-VEGF antagonist,

DMS1571 (an Fc formatted version of the DOM 15-26-593 anti-VEGF dAb, which

exists as a dimer of SEQ ID NO:65),is efficacious in the rat laser-induced choroidal

neovascularization (CNV) model. The aim of this experiment wasto further evaluate

the dose-ranging of this molecule in the rat CNV modeland, in addition, to undertake

a dose ranging study of a TNFa antagonist (Enbrel™) in the same model. DMS4000

wasalso tested in this the study.

Methodology

Animals

12-week old Dark Agouti (DA) rats (Harlon Olac) were used in these studies. Prior to

procedures animals were surgically anesthetized by intraperitoneal injection of a

mixture of Ketamine (37.5%, Dodge Animal Health Ltd.), Dormitor (25%, Pfizer

Animal Health, Kent) and sterile water (Pfizer Animal Health, Exton, PA) at 0.175

ml/100g and pupils were dilated with a combination of topical 1% tropicamide (Alcon

Laboratories, Fort Worth, TX) and 2.5% phenylephrine (Akorn, Inc., Decatur, IL). All

animal experiments conformed to the ARVO Statement on the Use of Animals in

Ophthalmic and Vision Research.

Experimental CNV

Experimental CNV wasinduced unilaterally in groups of 2-4 month old female DA

rats by rupturing Bruch’s membraneusing laserlight photocoagulation (PC). Dye

laser PC was performed using a diode-pumped, 532 nm argon laser (Novus Omni

CoherentInc., Santa Clara, CA) attachedto a slit lamp funduscope, and a handheld

planoconcave contact lens (Moorfields Eye Hospital, London, UK) applied to the

cornea to neutralize ocular power. Eight lesions (532 nm, 150 mW, 0.15 second, 100

um diameter) were madein a peripapillary distributed and standardized fashion

centered on the optic nerve at 500um radius (at 1-1.5 mm from optic disc) and

avoiding major vessels in each eye. The morphologic end point of the laser injury

wasidentified as the temporary appearanceof a cavitation bubble, a sign associated

with the disruption of Bruch’s membrane (for background reference, general methods

are disclosed in Campos, Amaral, Becerra, & Fariss, 2006 A novel imaging technique
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for experimental choroidal neovascularization. Invest Ophthalmol Vis Sci, 47(12),

5163-5170, which is herein incorporated by referencein its entirety). Laser spots that

did not result in the formation of a cavitation bubble were excluded from the studies.

In vivo imaging

In vivo image data of CNV and associated leakage was generated using confocal

high-resolution Scanning Laser Ophthalmoscope (SLO) Fluorescein Angiography

(FA) (0.3ml 5% intra-abdominally injected Fluorescein Sodium, FS obtained from

Moorfields Eye Hospital, London, UK) at 7 days after lesion generation followed by a

second imaging session 14 days post-procedure. Time points were chosen based on

previous historical control studies on the time course of changesin intensity and area

of fluorescein staining in angiogramstaken after laser PC in non-treated rats. These

historical studies showedthat fluorescein staining wasfirst observed 4 days after PC

and that the intensity of the staining then rapidly increased reaching its peak

approximately 14 days after photocoagulation (for general background on

methodology see Kamizuru e¢ a/., 2001; Monoclonal antibody-mediated drug

targeting to choroidal neovascularization in the rat. Invest Ophthalmol Vis Sci, 42(11),

2664-2672; Takehanaef al/., 1999 Suppression of laser-induced choroidal

neovascularization by oral tranilast in the rat. Invest Ophthalmol Vis Sci, 40(2), 459-

466, which are herein incorporated by referencein their entirity). Further assessment

was not undertaken as the time course of experimental CNVin these studies

indicated that fluorescein leakage begins to decrease approximately 5 weeksafter

photocoagulation. Baseline reflectance (at 488nm and 790nm) and autofluorescence

(ex. 488nm, em. >498nm) images were madepriorto injection of FS to help locate

lesions in FA images. The arterio-venous phase was recorded immediately after FS

injection. Fluorescein angiograms were thereafter recorded one minute after injection

and again four minutes after injection, the latter 4 min data sets being used for

statistical analysis.

Evaluation and statistical analysis of image data

The effect of drug treatment was evaluated by quantitative assessmentof late-phase

(4 +1 minutes after FS injection) fluorescein angiography. Leakage was defined as

the presence of hyperfluorescent areas corresponding with lesions in reflectance

images. Prior to quantification the gain and brightnessof all images used in analysis

were normalized. The intensity and area of leakagein late-phase fluorescein

angiography was quantified by multiplying the diameter of leakage (um) with the

meanpixel brightness value (0 to 1) in that area. Unpaired t-tests were used to
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compare results between test groups. Values of P < 0.05 were considered

statistically significant. Data are shown as means + SEM unlessotherwise noted.

Before image analysis was performedidentification was scrambled and quantification

was undertaken in maskedfashion.

Immunohistochemichal detection of macrophagesin rat CNV lesions

Eyes which had previously been subject to fluorescence angiography in CNV studies

were immediately enucleated and fixed in 4% p-formaldehyde. The eye-cup was

then prepared from the treated eye of each animal and flat-mounted following four

butterfly incisions. The macrophage content of vascular lesions determined by

immunohistochemical staining using ED1 mAb and subsequently quantitated by

counting ED1 positive cells - ED1 (CD68) mAb (catalogue number MCA341

Serotech, Kidlington, Oxford, UK)

Treatments

The table below (table 9) showsthe treatments given to each experimental group

Number|Compound Total Concentration|Volume ul|Administration

Dose ug|mg/ml
 

1 Vehicle A —-50mM N/A N/A 2 intravitreal

NaAcetate pH 5.5,

104mM NaCl, 0.025%

  Tween 80

2 DMS$1571 in vehicle A 2 1 2 Intravitreal

3 DMS1571 in vehicle A 1 0.5 2 Intravitreal

4 DMS1571 in vehicle A 0.5 0.25 2 Intravitreal

5 DMS1571 in vehicle A 0.2 0.1 2 Intravitreal

6 DM$1571 in vehicle A 0.1 0.05 2 intravitreal

7 Vehicle B — 4% Mannitol, N/A N/A 2 Intravitreal

1% sucrose, 10mM

TrisHCL pH 7.4

Mi
8 Enbrel~in vehicle B 30 15 2 Intravitreal

    
93

Regeneron Exhibit 1002.0998

 



10

15

WO 2010/136492 PCT/EP2010/057246

Mi

  
9 Enbrel~in vehicle B 10 5 2 Intravitreal

10 Enbrel’ in vehicle B 3 1.5 2 Intravitreal

11 Enbrel in vehicle B 1 0.5 2 Intravitreal

12 Enbrel™ in vehicle B 0.3
0.15 2 Intravitreal

13 DMS4000in vehicle C 2 1 2 Intravitreal

14 Vehicle C — 100mM N/A N/A 2 intravitreal

NaCitrate pH6, 10%

PEG300, 5% sucrose

    
 

In each case, compounds were administered byintravitreal injection immediately

prior to laser PC.

Results of laser-induced CNVstudies

High-magnification fluorescein angiography was performedat two time points, at 7

days and 14 days after PC, on the treated eyes. Images were graded for choroidal

leakage associated with experimental CNV and other vascular abnormalities related

to the treatment noted. Images were recordedin both near-infrared reflectance (IR)

and auto-fluorescence mode (AF). IR images were usedto locate lesions in the

retina prior to injecting the fluorescein contrast agent. All images were recorded at

the level of the RPE (retinal pigment epithelium).

Effect of DMS1571 (VEGE-Dab) and Enbrel™in rat CNV

Table 10: DMS1571

1.0 2.0 3.0 4.0 5.0 6.0

meano7 49.7 38.9 37.5 43.1 53.3 55.8

meani4 53.0 36.7 43.5 39.6 49.1 48.9

1 2 3 4 5
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Mean +/- SEM for CNV leakage assessed at 7 and 14 days for DMS1571

1.0-vehicle, 2.0-2ug DMS1571, 3.0-1,g DMS1571, 4.0-0.5ug DMS1571, 5.0-0.2ug

DMS1571, 6.0-0.1ug DMS1571. Agents were injected immediately prior to induction

of laser injury. N=5 animals per groupin all cases. All compounds were administered

by intravitreal injection in a volume of 2ul.

Figure 11 is a graphical representation of data presented in Table 10. All compounds

were administered by intravitreal injection in a volume of 2ul. Black bars represent

day 7 results. White bars represent day 14 results.

Table 11: Enbrel™

 

 

8.0 9.0 10.0 11.0 12.0

meano7 37.0 42.9 46.0 45.3 38.3

meanya 37.4 45.2 41.4 40.8 45.4

8 9

SEMo7 gay

SEMi4

Mean +/- SEM for CNV leakage assessed at 7 and 14 daysfor test Enbrel'™

7.0-vehicle, 8.0-30ug Enbrel™, 9.0-10ug Enbrel™|, 10.0-3yg enbrel. 11.0-1yg

Enbrel™, 12.0-0.3ug Enbrel™. Agents were injected immediately prior to induction of

laser injury. N=5 animals per groupin all cases. All compounds were administered by

intravitreal injection in a volume of 2ul.

Figure 12 is a graphical representation of data presented in Table 11. All compounds

were administered byintravitreal injection in a volume of 2ul. Black bars represent

day 7 results. White bars represent day 14 results.

Figure 13 showsinfrared (IR, upperleft panel), autofluorescence (AF, lowerleft

panel) and fluorescien angiography (FS, large panel) at 7 days (FS 1st) and 14 days

(FS 2nd) after laser PC - showing example images. 1. Vehicle treated eyes, 2. eyes

treated with 2ug DMS1571 and8. eyes treated with 30ug Enbrel™. It is notable that

the CNV lesions appear more punctuate and lessdiffuse than lesions responding to

treatment with DMS1571. Arrows indicate neovascularisations indicated in both

control and Enbrel™treated animals but not in DMS1571 animals.
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Table 12: DMS4000

13.0 14.0

meano7 33.4 36.8

meany,4 35.7 42.5
13 14

SEMo7 SRS

SEMi4 x  

Mean +/- SEM for CNV leakage assessed at 7 and 14 days for DMS4000

13.0-2ug DMS4000, 14.0-vehicle, Agents were injected immediately prior to induction

of laser injury. N=5 animals per groupin all cases. All compounds were administered

by intravitreal injection in a volumeof 2ul.

Figure 14 is a graphical representation of data presented in Table 12. All compounds

were administered byintravitreal injection in a volume of 2ul.

Effect of DMS1571 (VEGF-dab) and Enbrel™ on macrophage content of rat CNV
lesions

Table 13 — Quantitation of ED1 positive cells (macrophages) in CNV lesions

|GroupsisMacrophage (ED1 positive) content of CNV lesions
Vehicle (group 1) 35.2 (mean) 5.9 (SEM)

Enbrel (group 8)
 

* p<0.0016 vs control, n=5 eyes in each case

Figure 15 shows example photomicrographsofflat-mounted retinae stained with ED1

mab. Panels 1A-1B and panel Enbrel 8.4 show flat-mounts of retinas from eyes

treated with anti-VEGF (DMS1571) (1A), Vehicle only (1B) or Enbrel (Enbrel 8.4).

Macrophages, associated with laser burn site, visualised with ED1 (CD 68, black)

X20. Panel 1D shows a Cryostat section (20um) of retina showing macrophages

(ED1+, black) associated with laser burn site which has penetrated to the inner

nuclear layer (INL) of the retina. RGC, retinal ganglion cell layer; BV, blood vessel.

x20.
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Conclusions

The results illustrate that DMS1571 is effective in significantly attenuating CNV

disease. The strong and robusteffect is noted at doses above 1ug with the 0.5yug

dose showing a sub-maximal effect and at doses less than 0.5yg the therapeutic is

ineffective. The experiments show that doses at 30ug of Enbrel™ are also effective in

the model and lower dosesineffective. The finding that both VEGF inhibitors, as

exemplified by DMS1571, and inhibitors of TNFa, as exemplified by Enbrel™, are

able to independently attenuate choroidal neovascular disease in a rodent model

suggests that a single therapeutic entity comprising both VEGF and TNFa

capabilities, as exemplified by DMS4000, would be useful in the treatment of

choroidal neovascular AMD.It is observed that DMS4000(in which the TNFabinding

function is not compatible with binding rat TNFalpha) performs equally well in the rat

CNV model as DMS1571 at an equivalent dose.

It is notable from the fluorescence angiography pictures when comparing the

DMS1571 treated eyes with the Enbrel™ treated eyes that the Enbrel" eyes have a

distinctive patterning in which the lesions appear more punctuate andless diffuse

when compared to DMS1571 treated eyes. These differences in lesion patterning are

highly suggestive of independent mechanismsof action of the DMS1571 (VEGF

antagonist) and Enbrel™ (TNFa antagonist) therapeutics. This assertion is further

supported by the finding that in the Enbrel’ treated group significantly fewer

macrophagesare recuitred to the CNV vascular lesions.

Example 13 An jin vivo study: Laser-Induced Choroidal Neovascularisation 

CNV) in rats: testing DMS1571 (VEGF-dab) and Enbrel™ in combination 

The methods usedin this example were essentially the same as those given in

Example 12.

Table 14 below showsthe treatments given to each experimental group.

Identification|Compound|Total Dose|Concentration|Total Volume|Administrati

Lug mg/ml ul on
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DMS1571|2 2 DMS1571 2"

plus DMS1571 ™
Enbrel™ 30 Enbrel

30

Enbrel™

Vehicle* N/A N/A 2

DMS1571|0.5 0.25 2

DMS1571

DMS1571|0.5

plus DMS1571

Enbrel™
30

Enbrel™

 30 Enbrel™

0.5 DMS1571|2% 
PCT/EP2010/057246

intravitreal

intravitreal

intravitreal

intravitreal 
 

* Vehicle - 50mM NaAcetate 10mM TrisHCL pH7.4, 104mM NaCl, 0.025% Tween

80, 4% mannitol, 1% sucrose

* in cases where both DMS1571 and Enbrel™ are being administered together, 1l of

each is administered

Table 15: Effect of DMS1571 (VEGE-dab) and Enbrel™in rat CNV
 

Identification 7 day mean 7 days SEM 14 day mean 14 day SEM

   
104.61

 
6.32

 
113.91

 
4.46 

Example 14 — DME model — prophetic example

It is envisaged that antigen binding proteins disclosed herein will be effective in

treating and/or preventing Diabetic Macular Edema (DME). This may beverified in a

diabetic macula edema model in which DME andretinal vascular leak is observed

following initiation of hyperglycemia asin Ishida, T. Usui and K. Yamashiro etal.
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(VEGF 164is proinflammatoryin the diabetic retina, Invest Ophthalmol Vis Sci 44

(2003), pp. 2155-2162).
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Sequences

PTSEQIDNO:

Protein or polynucleotide description DNA Amino acid

anti-VEGF dAb DOM15-26-593 1

Anti-TNFa adnectin 2

G4S Linker 3

Linker 4

Linker 5

Linker 6

Linker 7

Linker 8

Signal peptide sequence 9

Anti-TNFa mAb (adalimumab) Heavy Chain 10

Anti-TNFa mAb (adalimumab) Light Chain 11 12

Anti-TNFa mAb (adalimumab)-DOM15-26-593 Heavy 13 14
Chain

DMS4000 mAbdAb heavy chain

DOM 15-26-anti-TNFa mAb (adalimumab) Heavy Chain - 15

Anti-TNFa mAb (adalimumab)-DOM15-10-11 Heavy - 16
Chain

DMS4031 mAbdAb heavy chain

Anti-TNFR1 dAb (DOM1h-131-206) 17

Anti-VEGFR2 adnectin 18

Anti-VEGF anticalin 19

Alternative Anti-VEGF antibody Heavy chain 20

Anti-VEGF antibody (bevacizumab) Light chain 21

Alternative Anti-VEGF antibody (bevacizumab) Heavy
chain 22
anti-VEGF dAb DOM15-26 23

DOM15-26-593-Anti-TNFa mAb (adalimumab) Heavy
Chain 24
Linker 25

BPC1821 (CTLA4-lg fused to anti-VEGFR2 adnectin via 26 27
a GSlinker
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BPC1825 (CTLA4-lg fused to an anti-VEGF dAbvia a 28 29
GS linker

Anti-TNFa mAb heavy chain 30

Anti-TNFa mAblight chain 31

Anti-TNFa mAb(infliximab) Heavy chain 32

Anti-TNFa mAb(infliximab) Light chain 33

TNFR-Fcfusion (Etanercept) 34

Anti-TNFaVk dAb (PEP1-5-19) 35

Anti-TNFa Vk dAb (PEP1-5-490) 36

Anti-TNFa Vk dAb (PEP1-5-493) 37

Anti-TNFa scFv (ESBA105) 38

Anti-VEGF Fab(ranibizumab) Heavy Chain 39

Anti-VEGF Fab(ranibizumab) Light Chain 40

Anti-VEGF Vk dAb (DOM15-10-11) 44

Anti-VEGF antibody (R84) Heavy chain 41

Anti-VEGF antibody (R84) light chain 42

VEGFR1/2 hybrid — Fcfusion (aflibercept - VEGF-Trap) 43

cT0o1 45

Anti-TNFa mAb (adalimumab)-DOM15-26-593 Heavy 46 47
Chain FC disabled

DMS4000 mAbdAb heavy chain Fc disabled

 

 

 

   EtanSTG593 48 49

EtanTV4593 50 51

AVG18 primer 52

AVG19 primer 53

AVG26 primer 54

AVG21 primer 55

AVG22 primer 56

AVG36 primer 57

AVG37primer 58

AVG25 primer 59

AVG24 primer 60

DOM15-26-593 - PEP1-5-19 in-line fusion 61 62
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PEP1-5-19-DOM15-26-593in-line fusion 63 64

DMS1571 — a myc tagged Fc formatted version of the 65
DOM 15-26-593 anti-VEGF dAb(exists as a dimerof this

sequence

Linker 66

Linker 67

Linker 68

Anti-TNFa mAb (adalimumab) Fe disabled-DOM15-26- 144 69
593 Heavy Chain with GSTVAAPSGSlinker

Anti-TNFa mAb (adalimumab) Fe disabled -DOM15-26- 142 70
593 Heavy Chain with GS(TVAAPSGS) x2 linker

Anti-TNFa mAb (adalimumab) Fc disabled -DOM15-26- 143 7
593 Heavy Chain with GS(TVAAPSGS) x3 linker

Anti-TNFa mAb (adalimumab) Fc disabled -DOM15-26- 144 72
593 Heavy Chain with GS(TVAAPSGS) x4linker

Etanercept-DOM15-26-593 73

Etanercept-DOM15-10-11 74

Etanercept-VEGF anticalin 75

Infliximab-bevacizumab DVD-lg heavy chain 76

Infliximab-bevacizumab DVD-lg light chain v7

Infliximab-r84 DVD-Ig heavy chain 78

Infliximab-r84 DVD-Ig light chain 79

Infliximab-ranibizumab DVD-Fab 80

Infliximab-ranibizumab DVD-Fab 81

Infliximab-DOM15-26-593 mAb-dAb heavy chain 82

Infliximab-DOM15-10-11 mAb-dAb heavy chain 83

Infliximab-VEGF anticalin heavy chain 84

Infliximab-DOM15-26-593 mAb-dAblight chain 85

Infliximab-DOM15-10-11 mAb-dAblight chain 86

Infliximab-VEGF anticalin light chain 87

Adalimumab-bevacizumab DVD-lg heavy chain 88

Adalimumab-bevacizumab DVD-lg light chain 89

Adalimumab-r84 DVD-lg heavy chain 90

Adalimumab-r84 DVD-Ig light chain 91

Adalimumab-ranibizumab DVD-Fab 92
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Adalimumab-ranibizumab DVD-Fab 93

Adalimumab-VEGF anticalin heavy chain 94

Adalimumab-DOM15-26-593 mAb-dAblight chain 95

Adalimumab-DOM15-10-11 mAb-dAblight chain 96

Adalimumab-VEGF anticalin light chain 97

anti- TNFa mAb -bevacizumab DVD-lg heavy chain 98

anti- TNFa mAb -bevacizumab DVD-lg light chain 99

anti- TNFa mAb -r84 DVD Ig heavy chain 100

anti- TNFa mAb -r84 DVD-lg light chain 101

anti- TNFa mAb -ranibizumab DVD-Fab heavy chain 102

anti- TNFa mAb-ranibizumab DVD-Fablight chain 103

anti- TNFa mAb -DOM15-26-593 mAb-dAb heavy chain 104

anti- TNFa mAb -DOM15-10-11 mAb-dAb heavy chain 105

anti- TNFa mAb -VEGF anticalin heavy chain 106

anti- TNFa mAb -DOM15-26-593 mAb-dAblight chain 107

anti- TNFa mAb -DOM15-10-11 mAb-dAblight chain 108

anti- TNFa mAb -VEGEF anticalin light chain 109

ESBA105-bevacizumab DVD-lIg heavy chain 110

ESBA105-bevacizumab DVD-lg light chain 111

ESBA105-r84 DVD-Ig heavy chain 112

ESBA105-r84 DVD-Ig light chain 113

ESBA105-ranibizumab DVD-Fab heavy chain 114

ESBA105-ranibizumab DVD-Fablight chain 115

ESBA105-DOM15-26-593 scFv-VH dAb 116

ESBA105-DOM15-10-11 scFv-Vk dAb 117

ESBA105-VEGF anticalin 118

PEP1-5-19-DOM15-10-11 dAb-dAb 119

PEP1-5-19-VEGF anticalin 120

Anti-TNF adnectin-DOM15-26-593 121

Anti-TNF adnectin-DOM15-10-11 122

Anti-TNF adnectin-VEGF anticalin 123

Bevacizumab-ESBA105 mAb-scFv, heavy chain 124
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Bevacizumab-ESBA105 mAb-scFy,light chain 125

Bevacizumab-PEP1-5-19 mAb-dAb heavy chain 126

Bevacizumab-PEP1-5-19 mAb-dAblight chain 127

Bevacizumab-TNF adnectin heavy chain 128

Bevacizumab-TNF adnectin light chain 129

Aflibercept-ESBA105 130

Aflibercept-PEP1-5-19 131

Aflibercept-TNF adnectin 132

DOM15-26-593-ESBA105 dAb-scFv 133

DOM15-26-593-TNF adnectin 134

DOM15-10-11-ESBA105 dAb-scFv 135

DOM15-10-11-PEP1-5-19 dAb-dAb 136

DOM15-10-11-TNF adnectin 137

VEGF anticalin-ESBA105 138

VEGF anticalin-PEP1-5-19 139

VEGF anticalin-TNF adnectin 140

Linker 145

Linker 146

Linker 147

Linker 148

Linker 149

Linker 150

Linker 151

Linker 152

Linker 153

Linker 154

Linker 155

Linker 156

Linker 157

Linker 158

Linker 159

Linker 160
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timerSSS
inner

BPC1801 (bispecific |GF1R-VEGFR2) heavy chain

| BPC1801 (bispecific IGF1R-VEGFR2) light chain
BPC1824 (CTLA4-lg-anti-IL-13 dAb fusion)
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SEQ ID NO:1

EVQLLVSGGG:

SVKGRFTI

 
 

   

SEQ ID NO:2

vs

KPGVD

   

  

SEQ ID NO:3

GGGGS

SEQ ID NO:4

TVAAPS

SEQ ID NO:5

ASTKGPT

SEQ ID NO:6

ASTKGPS

SEQ ID NO:7

GS

SEQ ID NO:8

TVAAPSGS

SEQ ID NO:9

MGWSC

 
  
 

SEQ ID NO:10

EVQLVESGGG:

SVEGRFET

 
 
 
 
  
 

SSVVTVPSSS

iVQPGRSLI

SRDNAKNSLYLOQMNS LRAE

KGPSVFPLAPSSKSTSGGTAAI

LGTOQTY]

LVOPGGS LRLSCAASGETFKAY PMMWVROAPGKGL

SRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOQGTLVTVSS

DVPRDLEVVAATPTSLLISWDTHNAYNGYYR

PCT/EP2010/057246

 
 EWVSE  
 

  

 

SPSGSYTYYAD 

 
    

 
 

DT ITVYAVTNHHMPLR

LEFLVATATGVHS

 
RLSCAASGFTFDDYAMHWVRQAPGKGL

DTAVYYCAKVSYLS TASSLDYWGOGTLVTVSSAST

 FGPIS  NHRT
 

TYGETGGNS PVREFTVPHP

 
 EWVSA  

 

  
 
 

    
PKPKDTL SRTP
 

TVLHODWLNGK!

EVTCVVVDVSHEDP

EYKCKVSNKAI

GCLVRKDYFP
 

EPVTIVSWNSGALTSGVHTFPAVI]

 EVTAT  SGL
 

TWNSGHI DYAD 

  OQSSGLYSL
 
 

     
EVKFNWYVDGVEVHNAKTKPRE

=  
 

G
[CNVNHKPSNTRKVDKKVEPKSCDKTHTCPPC PAPE: \LGGPSVELEP

 

      \XPAPTEKTISKAKGOPREPOVYT  
 

     VKGEFY PSDIAV EWESNGOP!
   

  
ALHNHYTOKSLSLSPGRK

SEQ ID NO:11

ENNYKTTPPVLDS  

 GFOYNSTYRVVSVL

LPPSRDEI
 
TKNOVSLTCL
 

DGS FFLYSKLTVDKS RWOQOGNVESCSVMHI El

GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAGCGCCTCTGTGGGCGATAGAGTGACCAT

CACCT GCCGGGCCAGCCAGGGCATCAGAAACTACCTGGCCT GGTATCAGCAGAAGCCTGGCA

AGGCCCCTAAGCTGCTGATCTACGCCGCCAGCACCCT GCAGAGCGGC GT GCCCAGCAGATTC

   

106

Regeneron Exhibit 1002.1011



10

15

20

25

30

35

40

WO 2010/136492 PCT/EP2010/057246

AGCGGCAGCGGCT CCGGCACCGACTTCACCCTGACCATCAGCAGCCT GCAGCCCGAGGACGT

GGCCACCTACTACTGCCAGCGGT ACAACAGAGCCCCTTACACCTTCGGCCAGGGCACCAAGG

TGGAGAT CAAGCGTACGGTGGCCGCCCCCAGCGTGTTCATCTTCCCCCCCAGCGATGAGCAG

CTCAAGAGCGGCACCGCCAGCGT GGTGTGTCTGCT GAACAACTTCTACCCCCGGGAGGC CAA

AGT GCAGTGGAAAGT GGACAACGCCCT GCAGAGCGGCAACAGC CAGGAGAGCGTGACCGAGC

AGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACCCTGAGCAAGGCCGACTAC

GAGAAGCACAAAGTGTACGCCTGCGAAGT GACCCACCAGGGCCTGTCCAGCCCCGTGAC CAA

GAGCT TCAACCGGGGCGAGTGC

SEQ ID NO:12

DIOMTOSPSSLSASVGDRVTITCRASOGI RNY LAWYQOKPGKAPKLLIYAASTLOSGVPSREFE

SGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGOGTKVEIKRTIVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNE'Y PREAKVOWKVDNALOSGNS QESVTEQDSKDSTYSLSSTLTLSKADY

EKHKVYACEVTHOQOGLSS PVTKSFNRGEC

   
 

   
  

=
   

            
     

SEQ ID NO:13

GAGGT GCAGCT GGT GGAGT CT GGCGGCGGACT GGT GCAGCC CGGCAGAAGCCTGAGACT GAG

CT GTGCCGCCAGCGGCT TCACCT TCGACGACTACGCCATGCACTGGGTGAGGCAGGCCCCTG

GCAAGGGCCTGGAGTGGGTGTCCGCCATCACCTGGAATAGCGGCCACATCGACTACGCCGAC

AGCGT GGAGGGCAGATT CACCAT CAGCCGGGACAACGCCAAGAACAGCCTGTACCTGCAGAT

GAACAGCCT GAGAGCCGAGGACACCGCCGTGTACTACTGTGCCAAGGTGTCCTACCTGAGCA

CCGCCAGCAGCCTGGAC TACT GGGGCCAGGGCACCCTGGTGACAGTCTCGAGCGCTAGCACC

AAGGGCCCCAGCGTGTTCCCCCT GGCC CC CAGCAGCAAGAG CACCAGCGGCGGCACAGC CGC

CCT GGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCTGTGACCGTGT CCT GGAATAGCGGAG

CCCTGACCT CC GGCGTGCACACCTTCCCCGCCGTGCT GCAGAGCAGCGGCCTGTACTCCCTG

AGCAGCGTGGTGACCGT GCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGT GAA

CCACAAGCCCAGCAACACCAAAGTGGACAAGAAAGTGGAGC CCAAGAGC TGCGATAAGACCCE

ACACC TGCCCCCCCTGCCCTGCCCOCCGAGCT GCTGGGCGGACCTAGCGTGTTCCTGTTCCCC

CCCAAGCCTAAGGACACCCTGATGATCAGCAGGAC CCCCGAAGTGACCT GCGTGGTGGT GGA

TGTGAGCCACGAGGACCCTGAAGTGAAGT TCAACT GGTACGTGGACGGCGT GGAAGTGCACA

ACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACCGCGTGGTGTCTGTGCTG

ACCGTGCTGCACCAGGATTGGCT GAAC GGCAAGGAGTACAAGT GCAAAGTGAGCAACAAGGC

CCT GCCTGCCCCTAT CGAGAAAACCAT CAGCAAGGCCAAGGGCCAGC CTAGAGAGCCCCAGG

TCTACACCCTGCCTCCCTCCAGAGATGAGCT GACCAAGAAC CAGGTGTCCCTGACCTGTCTG

GTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGT GGGAGAGCAACGGCCAGCCCGAGAA

CAACTACAAGACCACCCCCCCTGTGCT GGACAGCGATGGCAGCTTCT TCCTGTACTCCAAGC

TGACCGTGGACAAGAGCAGAT GGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAG

GCCCT GCACAATCACTACACCCAGAAGAGTCTGAGCCTGTCCCCTGGCAAGTCGACCGGTGA

GGT GCAGCTGTTGGTGT CTGGGGGAGGCT TGGTACAGCCTGGGGGGT CCCTGCGTCTCTCCT

GTGCAGCCTCCGGATTCACCTTTAAGGCT TATCCGATGATGTGGGTCCGCCAGGCTCCAGGG

AAGGGTCTAGAGTGGGTTTCAGAGATTTCGCCTTCGGGTTCTTATACATACTACGCAGACTC

CGT GAAGGGCCGGTTCACCAT CT CCCGCGACAATT CCAAGAACACGCTGTATCTGCAAATGA
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ACAGC CT GCGT GCCGAGGACACCGCGGTATATTAC TGTGCGAAAGAT CC TCGGAAGTTAGAC

TAC TGGGGT CAGGGAACCCT GGT CACCGT CT CGAGC

SEQ ID NO:14

EVOLVESGGGLVQOPGRS LRLSCAASGFTFDDYAMHWVROQAPGKGLEWVSAI TWNSGHIDYAD

SVEGRETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLS TASSLDYWGOGTLVTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTVPSSSLGTOTYICNVNHKPSNTKVDKRKVEPKSCDRTHTCPPCPAPELLGGPSVELFP

PRKPKDTLMISRTPEVTCVVVDVS HEDPEVKENWYVDGVEVHNARKTKPREEOYNSTYRVVSVL

TVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTICL

VKGEY PSDIAVEWESNGOPENNYKTTPPVLDSDGS FFLYSKLTVDKSRWOOGNVFSCSVMH

ALHNHYTOKSLSLSPGKSTGEVOLLVSGGGLVQPGGSLRLS CAASGFTFRKAY PMMWVRQAPG

  
     
  
      
      

 
  

 
      =   

         
  

    El
  

 
   

                

  

KGLEWVSET SPSGSYTY YADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDPRKLD

YWGOGTLVTVSS

SEQ ID NO:15

EVOLLESGGGLVQPGGS LRLSCAASGFTFGAY PMMWVROQAPGKGLEWVSEISPSGSYTYYAD   
  
      SVKGRETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKFDYWGOGTLVTVSSASTKGPSE

VOLVESGGGLVOPGRSLRLISCAASGFTFDDYAMHWVROAPGKGLEWVSAITWNSGHIDYADS

VEGRETISRDNAKNS LY LOMNSLRAEDTAVYYCAKVS YLSTASSLDYWGOGTLVTVSSASTK

GPSVFPLAPSSKSTSGGTAALGCLVEKDYF PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS

SVVTVPSSSLGTOTY ICNVNHKPSNTRVDRRVEPKSCDRTHTCPPCPAPELLGGPSVFLEPP

KPKDTLMISRTPEVTCVVVDVSHEDPEVKFEFNWYVDGVEVHNAKTKPREBOYNSTYRVVSVLT

VLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQOVYTLPPSRDELTKNOVSLTCLV

KGFYPSDIAVEWESNGQ PENNYRTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSVMHEA

LHNHYTOKSLSLSPGK

 
 

        
   
       
      

 
 E     

 
              

   CI
             

  
  

SEQ ID NO:16

EVOLVESGGGLVOPGRS LRLSCAASGFTFDDYAMHWVROQAPGKGLEWVSAI TWNSGHIDYADSVEGRFTISR  

DNAKNSLYLOMNSLRAEDTAVYYCAKVSYLSTASS LDYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTA 

LGCLVKDYF PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTRKVD
   

  
  

 

A

KKVEPKSCDKTHTC PPC PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED PEVKFNWYVDGVEV

H      NAKTKPREEOYNS TYRVVSV LTVLHQDWLNGKEY KCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRD 
      

ELTKNOVSLTCLVKGFY PSDIAVEWESNGOPENNYRKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVM
     
HEALHNHYTOKSLSLSPGKSTGDIQMTOS PSSLSASVGDRVTITCRASOQWIGPELRWYQOKPGKAPKLLIYH
     TSILOSGVPSREFSGSGSGTDFTLTISSLOPEDFATYYCQOYMFOPMTFGOGTKVEIKR

SEQ ID NO:17

EVOLLESGGGLVOPGGS LRLSCAASGFTFAHETMVWVROAPGKGLEWVSHI PPDGOQDPFYAD

SVKGRETISRDNSKNTLYLOMNS LRAEDTAVYHCALLPKRGPWEDYWGOGTLVTVSS

  
       
  

      
 

SEQ ID NO:18
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 EVVAATPTSLLISWRHPHFPTRYYRITYGETGGNS PVOEFTVPLOPPTATISGLKPGVDYTI

TVYAVTDGRNGRLLSIPISINYRT

      
 

  
   
 

SEQ ID NO:19

DGGGIRRSMSGTWYLKAMTVDREFPEMNLESVT PMTLTLLKGHNLEAKVTMLI SGRCQEVKA

VLGRTIKERKKY TADGGKHVAYIIPSAVRDHVIFYSEGQLHGKPVRGVKLVGRDPKNNLEALE

DFEKAAGARGLSTESILIPROSETCSPG

   
     

   
               
   
       
 

SEQ ID NO:20

EVOLVESGGGLVOPGGS LRLSCAAS GY TFTNYGMNWVROAPGKGLEWVGWINTYTGEPTYAA

DFKRRFTFSLDTSKSTAYLOMNS LRAEDTAVYYCAKY PHYYGSSHWY FDYWGOQGTLVTVSSA

STRGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVTIVPSSSLGTOTYICNVNHRKPSNTRKVDRKKVEPKSCDRKTHTCPPCPAPELLGGPSVFL

FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEOQYNSTYRVVS

VLTVLHODWLNGKEYKCKVSNKALPAPIERKTISKAKGOPRE POVYTLPPSRDELTKNOVSLT

CLVKGFY PSDIAVEWESNGOPENNYRTTPPVLDSDGSFELYSKLTVDKSRWOOQGNVESCSVM

HEALHNHYTQOKSLSLSPGK

  
    
  

    =
 

    

 ea      
  
   

            
   
            
  

 

SEQ ID NO:21

DIOMTOSPSSLSASVGDRVTITCSASODI SNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOYSTVPWTEFGOGTKVETKRIVAAPSVFEFIFPPS DEQ

LRSGTASVVCLLNNE'Y PREAKVQWKVDNALOSGNSQESVTEQDSRDSTYSLSSTLTLSKADY

EKHKVYACEVTHOGLSS PVTKSFNRGEC

    
   

          
     

SEQ ID NO:22

EVOLVESGGGLVOPGGS LRLSCAASGYTETNYGMNWVROAPGKGLEWVGWINTYTGEPTYAA

DFKRRFTFSLDTSKSTAYLOMNS LRAEDTAVYYCAKY PHYYGSSHWY FDVWGOGTLVTVSSA

STRGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVIVPSSSLGTOTYICNVNHKPSNTRKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL

FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVS

VLTVLHQDWLNGKEYKCKVSNKALPAPIERKTISKAKGOPRE PQVYTLPPSRDELTKNQVSLT

CLVKGFY PSDIAVEWESNGOPENNYRTTPPVLDSDGSFELYSKLTVDKSRWOOGNVESCSVM

HEALHNHYTOKSLSLSPGK

  
   

  

         

  =               
    
           

  
 

 

SEQ ID NO:23

EVOLLESGGGLVOPGGS LRLSCAASGFTFGAY PMMWVROAPGKGLEWVSEISPSGSYTYYAD

SVKGRFTISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKFDYWGOGTLVTVSS

  
      
  

      
 

SEQ ID NO:24

EVOLLVSGGGLVOPGGS LRLS CAASGFTFKAY PMMWVROAPGKGLEWVSEISPSGSYTYYAD

SVKGRETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVS SASTKGPS!1

VOLVESGGGLVQOPGRSLRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAITWNSGHIDYADS

VEGRETISRDNAKNS LY LOMNSLRABEDTAVYYCAKVS YLSTASSLDYWGOGTLVTVSSASTK

 
    
  

  Cl
     

   
            

 [T]  
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GPSVE PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS

SVVTVPSSSLGTOTY ICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT

VLHOQDWLNGKEYKCKVSNKALPAPIERKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTCLV

KGFYPSDIAVEWESNGQPENNYRTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEA

LHNHY TOKSLSLS PGK

Hy 
 

  =
  

 
        
   

        el   
 

            
 

SEQ ID NO:25

STG

SEQ ID NO:26

ATGCATGTCGCCCAGCCAGCGGT GGTGCT GGCCAGCTCCCGCGGCATTGCCTCCTTCGTGTG

CGAGT ACGCCAGCCCCGGCAAGGCCACCGAGGT GC GCGTCACGGTGCTCCGCCAGGCCGATA

GCCAGGTGACCGAAGTGTGTGCCGCTACGTACATGATGGGGAACGAGCTGACCTTCCTGGAC

GACTCTATCTGCACCGGGACCTCGAGCGGGAACCAGGTGAACCTGACCATCCAGGGCCT GCG

CGCGATGGACACGGGCCTGTACATCTGCAAGGTGGAGTTGATGTACCCCCCCCCGTACTACC

TGGGGATCGGCAACGGCACGCAGATCTACGTCATCGACCCCGAACCT TGCCCTGACAGCGAC

CAGGAGCCCAAGTCTAGTGACAAGACCCATACCTC TCCCCCCAGCCCCGCTCCAGAGCTGCT

GGGGGGCTCCAGCGTGT TCCTGT TT CCCCCCAAGC CTAAGGACACCCTGATGATCTCCAGAA

CCCCCGAGGTGACCTGCGTGGTCGTGGAT GTGAGT CACGAGGACCCT GAGGTGAAGT TCAAC

TGGTACGTGGACGGGGT GGAGGT GCATAACGCCAAGACCAAGCCT CGCGAGGAGCAGTACAA

CAGTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCATCAGGACT GGCT GAACGGCAAGG

AGTATAAGTGCAAGGTGTCTAACAAGGCCTTIGCCCGCCCCCAT CGAGAAAACAATCTCCAAG

GCCAAAGGGCAGCCCAGGGAACC TCAGGT GTACACCCTCCCTCCAAGCCGTGACGAGCTGAC

CAAGAACCAGGTCTCTCTGACCT GCTTGGTGAAGGGCTTCTACCCTAGCGACATCGCTGTGG

AGT GGGAGTCCAACGGGCAGCCCGAGAACAACTACAAAACCACCECCGCCCGTGCTGGACTCT

GACGGCTCCTTCTTCCT GTACAGCAAACT GACCGT GGACAAGT CCAGGT GGCAGCAGGGAAA

CGTGT TCAGCT GCAGCGTCATGCATGAGGCCCTGCATAACCATTACACACAGAAGAGCCTGT

CCCTGAGCCCCGGCAAGGGAT CCGAGGT GGT GGCCGCCACCCCCACCAGCCTGCTGATT TCC

TGGAGGCACCCCCACTT CCCCACACGCTACTACAGGATCACCTACGGCGAGACCGGCGGCAA

CAGCCCCGTGCAGGAGT TCACCGTGCCCCTGCAGCCTCCCACTGCCACCAT CAGCGGCCTCA

AGCCCGGCGTGGACTACACCATCACCGTGTACGCC GT CACC GACGGAAGGAACGGCAGGCTG

CTGAGCATCCCCATCAGCATCAACTACAGGACC

 

SEQ ID NO:27

MHVAQ PAVVLASSRGIASFVCEYAS PGKATEVRVTVLROADSQOVTEVCAATYMMGNELTFLD

DSICTGTSSGNQOVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTOIYVIDPEPCPDSD

QEPKSSDRTHTSPPSPAPELLGGSSVFLFPPKPKDTLMISRTPEVTCVVVDVS HEDPEVKEFN

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIERTISK

AKGOPREPQVY TLPPSRDELTKNOVSLTCLVKGFY PSDIAVEWESNGOPENNYRKTTPPVLDS

DGSFFLYSKLTVDKSRWQQOGNVESCSVMHEALHNHYTOKSLSLSPGKGSEVVAATPTSLLIS

WRHPHFPTRYYRITYGETGGNSPVOEFTVPLOPPTATISGLRPGVDYTITVYAVTDGRNGRL

LSIPISINYRT

 
    
 
           

   
          Gl i=

  
GI

x
   
   

        FI
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SEQ ID NO:28

ATGCATGTCGCCCAGCCAGCGGT GGT GCT GGCCAGCTCCCGCGGCATTGCCTCCTTCGTGTG

CGAGTACGCCAGCCCCGGCAAGGCCACCGAGGT GC GCGTCACGGTGCTCCGCCAGGCCGATA

GCCAGGTGACCGAAGTGTGTGCCGCTACGTACATGATGGGGAACGAGCTGACCTTCCTGGAC

GACTCTATCTGCACCGGGACCTCGAGCGGGAACCAGGTGAACCTGACCATCCAGGGCCT GCG

CGCGATGGACACGGGCCTGTACATCTGCAAGGTGGAGTTGATGTACCCCCCCCCGTACTACC

TGGGGATCGGCAACGGCACGCAGATCTACGTCATCGACCCCGAACCT TGCCCT GACAGCGAC

CAGGAGCCCAAGTCTAGTGACAAGACCCATACCTCTCCCCCCAGCCCCGCTCCAGAGCTGCT

GGGGGGCTCCAGCGTGTTCCTGT TT CCCCCCAAGCCTAAGGACACCCTGATGATCTCCAGAA

CCCCCGAGGTGACCTGCGT GGT CGTGGAT GTGAGT CACGAGGACCCT GAGGTGAAGT TCAAC

TGGTACGTGGACGGGGT GGAGGT GCATAACGCCAAGACCAAGCCTCGCGAGGAGCAGTACAA

CAGTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCATCAGGACT GGCT GAACGGCAAGG

AGTATAAGTGCAAGGTGTCTAACAAGGCCTTIGCCCGCCCCCAT CGAGAAAACAATCTCCAAG

GCCAAAGGGCAGCCCAGGGAACC TCAGGT GTACACCCTCCCTCCAAGCCGTGACGAGCTGAC

CAAGAACCAGGTCTCTCTGACCT GCTTGGTGAAGGGCTTCTACCCTAGCGACATCGCTGTGG

AGT GGGAGT CCAACGGGCAGCCCGAGAACAACTACAAAACCACCCCGCCCGTGCTGGACTCT

GACGGCTCCTTCTTCCT GTACAGCAAACT GACCGT GGACAAGT CCAGGT GGCAGCAGGGAAA

CGTGT TCAGCT GCAGCGTCATGCATGAGGCCCT GCATAACCAT TACACACAGAAGAGCCTGT

CCCTGAGCCCCGGCAAGGGATCCGAGGTGCAGCTCCTGGTCAGCGGCGGCGGCCTGGTCCAG

CCCGGAGGCTCACTGAGGCTGAGCTGCGCCGCTAGCGGCTTCACCTT CAAGGCCTACCCCAT

GATGT GGGT CAGGCAGGCCCCCGGCAAAGGCCT GGAGTGGGTGTCTGAGAT CAGCCCCAGCG

GCAGCTACACCTACTACGCCGACAGCGT GAAGGGCAGGTTCACCATCAGCAGGGACAACAGC

AAGAACACCCTGTACCTGCAGATGAACTCTCTGAGGGCCGAGGACACCGCCGTGTACTACTG

CGCCAAGGACC CCAGGAAGCTGGACTATT GGGGCCAGGGCACTCTGGTGACCGTGAGCAGC

   

SEQ ID NO:29

MHVAQ PAVVLASSRGIASFVCEYAS PGKATEVRVTVLROADSQOVTEVCAATYMMGNELTFLD

DSICTGTSSGNQOVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTOTYVIDPEPCPDSD

QEPKSSDRTHTSPPS PAPELLGGSSVFLFPPKPKDTLMISRTPEVTCVVVDVS HEDPEVKFEN

Ww

A

 
    

 
         

 
     

  
=

   
   

YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIERTISK

KGOPREPOVY TLPPSRDELTKNOVSLTCLVKGEFY PSDIAVEWESNGOPENNYRTTPPVLDS

DGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTOKSLSLSPGKGSEVOLLVSGGGLVQ
PGGSLRLSCAASGFTFRAY PMMWVROAPGKGLEWVSEISPSGSYTYYADSVKGRFTISRDNS

KNTLY LOMNSLRAEDTAVYYCAKDPRKLDYWGOGTLVTVSS

          
       

 
 

       
     

 

SEQ ID NO:30

QVOLVESGGGVVOPGRS LRLSCAASGFTIFSS YAMHWVROQAPGNGLEWVAEMS Y DGSNKKYAD

SVKGRETISRDNSKNTLYLQOMNS LRAEDTAVYYCARDRGIAAGGNYY YYGMDVWGQGTTVTV

55
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SEQ ID NO:31 
 
G
:LVLTQS PATI 
 

SGSGSGT

SEQ ID NO:32

SLSPGI
 
 

 DET] iT  SSLEP  
=

 
 

 
 EVKLE  ESGGGI

 
 

A

SVVTV]I

KPRKDT]I

VLHODWI

KGFYPSD

   ESVKGRETISRD

GPSVFPLAPSSKSTSGGTAALGC]

PSSSLGTOTY]

 

 
 

  iM SRTP
 

 

 DSKSAVY]

ERATLSCRASOSVYS YLAWYOQOKPGOAPRLLI

iDFAVYYCOQORSNWPPFTFGPGTKVDIKR

VOPGGSMKLSCVASGFIFSNHWMNWVRQSP

PCT/EP2010/057246

 Y  DASNRATGIPARF 
 

   

 
 EKGLEWVAEIRSKSINSATHY   
 

  

LOMTDLRT 
 

 

EVTICVVVDVSH

INGKEYKCKVSNKAI
 [CNVNHKPSNTKVDKKVEPKSC

VEKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGI

EDTGVYYCSRNYYGSTYDYWGOQGTTLTVSSASTR

YSLS

DK THTCPPCPAPELLGGPSVFLEPP

  
   

= 
    

iPAP

EK DPEVK
 

PNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
 

  
 EKT

       [=] SKAKGOPREPOVYTLPPSRDELTKNOVSLTCLV
 

    AVEW  
ESNGQP  
 

LHNHYTOKSLSLSPGK

SEQ ID NO:33

D

 
ILLTOSPA

SGSGSGT

LKESGTASVVCI

EKHKVYACI

 
  LSVSPGE

 T
 

 DET] 8  NTVESED  
 

 

 
SEQ ID NO:34

LPAQVAFTPYAP

QLWNWVP!

FGVAI

P

LLNN

    
 

 

 

 

  
     PSR

S
 = 

RPGTETS

MAPGAVHLPQ

CPAP]

REE

 

 
ELLGGPSVFLFPPKPKDT!I

QYNSTYRVVSVI

-EMTKNOVSLTC

RWQOGNVESCSVMHI

SEQ ID NO:35

D 

SGSGSGT

 IQMTQSPSSI

 

EPGSTC

LSASVGDRVT]

  
 

  

PY PREAKVOWKV

EVTHOGLSS PVTKSFENRGI

iM

ENNYKTTPPVL

RVSFSCRASOFVGSS IHWYQORTNGS PRI

ADYYCOQOQOSHSWPFETFGSGTNLEVKRTVAAPSVFIFPPSDI

DNALOSGNSQ

EC 

RLREY YDOTAQMCCSKCS PGQHARVECTRTS

ECLSCGSRCSSDOQVETQACTREQNR

DVVCKPCAPGTFSNTTSSTD

PVSTRSQHTOPTPEPSTAPSTSFLLPMGPSP

      DSDGSFFLYSKLTVDKSRWOOGNVFSCSVMHEA  

  
iL KYAS  ESMSG  PSRE
  
 

 0       ER SOVTRODSKDSTYSLSSTLTLSKADY
 

DIVCDSCEDSTYT

CT CRPGWY CALSKQEGCRLCAPLRKCRPG

RPHQICNVVATI PGNASMDAVCTSTSPTRS

PAEGSTGDEPKSCDKTHTCPP

  =    
  

  Ic       ti     

SRTP

 

EVTICVVVDVSHE 
 

INGKEY KCKVSNKALPAP

 
DPEVKFNWYVDGVEVHNARTEK   

   
 

ATVLHQDWI    
EKTISKAKGOQPREPOVYTLP    

LVKGFYPS 
  

 DET] iT  SSLOP
rz

  
 

SEQ ID NO:36

D IQMTOS

SGSGSGT

 PSS]

  
LSASVGDRVTI  

DET] iT    
 

SEQ ID NO:37

D

SGSGSGT

ITOMTOSPSSI 

SSLOQPE

  
 DET] iT  SSLL

=  P   
 

SEQ ID NO:38

D 

SGRGYGTDFT]

IVMTOSPSSI] LSASVGD!I  iT  SSLQP  
 

DIAV EWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDK  
 

[ITCRASQOSIDS YLHWYQOQKPGKAPK!

iDFATYYCQOQVVWRPETFGOGTKVE

LSASVGDRVTITCRASQAT

iIDFATYYCQQVVWRPETFEFGOGTKV

FALHNHYTOKSLSLSPGK

4   
 

ITYSASELOSGVPSRF

  
  KR
 

[TCRASQOSIDSYLHWYOQQOKPGKAPKLLIYSASNLETGVPSRE

DFAT YY COOVVWRPETFEFGOGTKVE

   
 

  
  KR
 

 DS YLHWYQOKPGKAPKLL

KR

 ITYSASNLETGVPSRE     
=

 
 

RVTLTCTASOSVSNDVVWYQORPGKAPKLLIYSAFNRYTGVPSRF

EDVAVYYCOQQODYNSPRTFGOGTKLEVKRGGGGS GGGGSGGGGSS
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    A td

 
GGGSOVOLVOS GAEVKK PGASVKVSCTASGYTETHYGMNWVROAPGKGLEWMGWINTYTGI

TYADKFKDRETESLETSASTVYMELTSLTSDDTAVYYCARERGDAMDYWGOGTLVTVSS        

SEQ ID NO:39

EVOLVESGGGLVQOPGGS LRLSCAAS GY DF THYGMNWVROQAPGKGLEWVGWINTYTGEPTYAA

DFKRRETESLDTSKSTAYLOMNS LRAEDTAVYYCAKYPYYYGTSHWY FDVWGOGTLVTVSSA

STKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVTIVPSSSLGTOTYICNVNHKPSNTRKVDRKVEPKSCDKTHL

  
    

    =
 

           

SEQ ID NO:40

DIOLTOSPSSLSASVGDRVTITCSASODI SNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOYSTVPWT FGOGTKVEIKRIVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNE'Y PREAKVOWKVDNALOSGNS QESVTEQDSKDSTYSLSSTLTLSKADY

ERHRKVYACEVTHQGLSS PVTKSFNRGEC

   
   

  
=

   
            

     Gl

SEQ ID NO:41

QVOLVOSGAEVKKPGASVKVSCKASGGTESS YAISWVRQAPGQGLEWMGGFDPEDGETI YAQ

KFQGRVTMTEDTSTDTAYMELSS LRSEDTAVYYCATGRSMFRGVIIPFNGMDVWGQGTTIVTV

SS

   
      

 
          
  

SEQ ID NO:42

DIRMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLI YAASS LOSGVPSRF

SGSGSGTDFTLTISSLOQPEDFATYYCOQSYSTPLTFGGGTKVEIKR

    
    =

      

SEQ ID NO:43

SDTGRPFVEMY SEIPEI THMTEGRELVIPCRVTSPNITVTLRKRKFPLDTLIPDGKRIIWDSRK

GE SNATYKEIGLLTCEATVNGHLYRTNYLTHROQTNT DVVLSPSHGIELSVGEKLVLNC

TARTELNVGIDFENWEY PSSKHOHKKLVNRDLATOSGSEMKKFLSTLTIDGVTRSDOGLYTCA

ASSGLMTKKNS TEFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV

VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNSTYRVVSVLTVLHODWLNGKEYKCKVSN

KALPAPTERTISKAKGQPREPOVYTLPPSRDELTKNOVSLTICLVRGFYPSDIAVEWESNGOP

NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTOKSLSLS PGK

  
           
    

             
    
      
  
        

       
   
                   
      tI   

SEQ ID NO:44

DIQMTOSPSSLSASVGDRVTITCRASQWI GPELRWYQOKPGKAPKLLIYHTSILQOSGVPSRFE

SGSGSGTDETLITISSLOPEDFATYYCOOYMFOPMT FGOGTKVEIRG

 
       

  

   [I      
  

SEQ ID NO:45

EVVAATPTSLLISWRHPHFPTRY YRITYGETGGNS PVQEFTVPLOPPTATI SGLKPGVDYTI

TVYAVTDGRNGRLLSIPISINYRT

 
       

 
 

   
 

SEQ ID NO:46

ATGGGCTGGTCCTGCATCATCCTGTTTCTGGTGGCCACCGC CACCGGCGTGCACAGCGAGGT

GCAGCTGGTGGAGTCTGGCGGCGGACT GGT GCAGC CC GGCAGAAGCCTGAGACTGAGCTGTG
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CCGCCAGCGGCTTCACCTTCGACGACTACGCCATGCACTGGGTGAGGCAGGCCCCTGGCAAG

GGCCTGGAGTGGGTGTCCGCCAT CACCTGGAATAGCGGCCACATCGACTACGC CGACAGCGT

GGAGGGCAGAT TCACCATCAGCCGGGACAACGC CAAGAACAGCCTGTACCTGCAGATGAACA

GCCTGAGAGCCGAGGACACCGCCGTGTACTACTGT GCCAAGGTGTCCTACCTGAGCACCGCC

AGCAGCCTGGACTACTGGGGCCAGGGCACCCTGGT GACAGT CT CGAGCGCTAGCACCAAGGG

CCCCAGCGT GT TCCCCCTGGCCC CCAGCAGCAAGAGCACCAGC GGCGGCACAGCCGCCCTGG

GCTGCCTGGTGAAGGACTACTTCCCCGAGCCTGTGACCGTGTCCTGGAATAGCGGAGCCCTG

ACCTCCGGCGT GCACACCT TCCCCGCCGT GCTGCAGAGCAGCGGCCTGTACTCCCTGAGCAG

CGTGGTGACCGTGCCCAGCAGCAGCCT GGGCACCCAGACCTACATCT GCAACGTGAACCACA

AGCCCAGCAACAC CAAAGTGGACAAGAAAGT GGAGCC CAAGAGCT GC GATAAGACCCACACT

TGCCCCCCCTGCCCTGCCCCCGAGCTGGCCGGCGCCCCTAGCGTGTTCCTGTTCCCCCCCAA

GCCTAAGGACACCCTGATGAT CAGCAGGACCCCCGAAGTGACCTGCGTGGTGGTGGATGTGA

GCCACGAGGAC CCTGAAGT GAAGTTCAACTGGTACGT GGACGGCGTGGAAGT GCACAACGCC

AAGAC CAAGCC CAGAGAGGAGCAGTACAACAGCACCTACCGCGTGGTGTCTGTGCTGACCGT

GCT GCACCAGGATTGGC TGAACGGCAAGGAGTACAAGTGCAAAGT GAGCAACAAGGCCCTGC

CTGCCCCTATCGAGAAAACCATCAGCAAGGC CAAGGGCCAGCCTAGAGAGCCCCAGGTCTAC

ACCCTGCCTCCCTCCAGAGATGAGCTGAC CAAGAACCAGGT GT CCCTGACCTGTCTGGTGAA

GGGCT TCTACC CCAGCGACAT CGCCGT GGAGT GGGAGAGCAACGGCCAGCCCGAGAACAACT

ACAAGAC CACCCCCCCTGTGCTGGACAGCGATGGCAGCT TCT TCCTGTACTCCAAGCTGACC

GTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTT CAGCTGCAGCGT GATGCACGAGGCCCT

GCACAATCACTACACCCAGAAGAGTCTGAGCCTGT CCCCTGGCAAGT CGACCGGTGAGGTGC

AGCTGCTGGTGTCTGGCGGCGGACT GGT GCAGCCT GGCGGCAGCCTGAGACTGAGCTGCGCC

GCCAGCGGCTTCACCTT CAAGGCCTACCC CATGAT GT GGGT GCGGCAGGCCCCTGGCAAGGG

CCT GGAATGGGTGTCCGAGAT CAGCCCCAGCGGCAGCTACACCTACTACGCCGACAGCGTGA

AGGGCCGGTTCACCATCAGCCGGGACAACAGCAAGAACACCCTGTACCT GCAGAT GAACAGC

CT GCGGGCCGAGGACACCGCCGTGTACTACTGCGC CAAGGACCCCCGGAAGCTGGACTACTG

GGGCCAGGGCACCCTGGTGACCGTGAGCAGC

 

  

SEQ ID NO:47

EVOLVESGGGLVOPGRS LRLSCAASGEFT FDDYAMHWVRQAPGRKGLEWVSAT TWNSGHIDYAD

SVEGRETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTVPSSSLGTOTYICNVNHKPSNTRKVDKRKVEPKSCDRTHTCPPCPAPHLAGAPSVELFP

PKPKDTLMISRTPEVTCVVVDVS HEDPEVKFEFNWYV DGVEVHNARKTKPREEQYNSTYRVVSVL

TVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTCL

VKGEFY PSDIAVEWESNGQOPENNYRKTTPPVLDSDGS FFLYSKLTVDKS RWOOGNVFEFSCSVMH

ALHNHYTOKSLSLSPGKSTGEVOLLVSGGGLVOPGGSLRLS CAASGFTFRKAY PMMWVRQAPG

KGLEWVSETSPSGSYTYYADSVKGRETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLD

YWGQGTLVTVSS

  
    

   =
  
       

 
  

 
           

          
     El 

   
                

  

SEQ ID NO:48

CTGCCCGCTCAGGTGGCCTTCACTCCCTACGCCCCAGAGCCCGGCTCTACCTGCAGGCT GAG

GGAGTACTACGACCAGACCGCCCAGAT GT GC TGCAGCAAGT GCAGCCCCGGCCAGCACGCCA

AAGTGTTCTGCACCAAGACCAGCGACACCGTGTGCGATAGC TGCGAGGACAGCACCTACACC
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CAGCTGTGGAACTGGGT CCCCGAGTGCCT GAGCTGCGGCTCTAGGTGTAGCAGCGACCAGGT

CGAGACCCAGGCC TGCACCAGGGAACAGAACCGGATCTGCACATGCAGGCCCGGCTGGTACT

GCGCCCT CAGCAAACAGGAGGGC TGCAGGCT GT GT GCCCCCCTCAGGAAGT GCAGGCCCGGG

TTT GGCGTGGCCAGGCCCGGAACCGAGACTAGCGACGTGGT GT GCAAACCCTGCGCCCCCGG

CACCT TCAGCAATACCACTAGCAGCACCGACATCT GCAGGCCT CACCAGAT CT GCAACGTGG

TGGCCATTCCCGGCAAC GCAAGCATGGAC GCCGTGTGCACCAGCACCAGCCCCACCAGGTCA

ATGGCCCCTGGAGCCGTGCAT CT GCCCCAGCCCGT GAGCAC CAGAAGCCAGCACACCCAGCC

TACCCCCGAGC CCAGCACCGCCCCTAGCACCAGCT TCCTGCTGCCTATGGGCCCCTCCCCTC

CCGCCGAGGGC TCAACC GGCGACGAACCCAAGAGC TGCGACAAGACCCACACCTGCCCCCCC

TGCCCCGCACCAGAACT CC TGGGCGGACCCAGCGT GT TCCT GT TCCCCCCCAAGCCCAAGGA

CACCCTGATGATCAGCAGGACCCCCGAGGTGACCT GTGTGGTGGTGGACGTGAGCCACGAGG

ACCCCGAGGTGAAGT TCAACTGGTACGTGGACGGCGTGGAGGT GCACAACGCCAAGACCAAG

CCCAGGGAGGAGCAGTACAACAGCACCTACAGGGT GGTGAGCGTCCT GACCGTGCTGCACCA

GGACT GGCT GAACGGCAAGGAGT ACAAGT GCAAGGTGAGCAACAAGGCCCTGCCCGCCCCCA

TCGAGAAGACCAT CAGCAAGGCCAAAGGC CAGCCCAGGGAGCCACAGGT GTACACACTGCCC

CCCAGCAGGGAGGAGAT GACCAAGAACCAGGTGAGCCTGACCTGCCTGGTGAAGGGCTTCTA

TCCCAGCGATATCGCCGTGGAGT GGGAGAGCAACGGCCAGC CCGAGAACAACTACAAGACCA

CCCCCCCCGTCCTGGAC TCCGACGGGAGCT TCT TCCTGTACAGCAAGCT GACCGTGGACAAG

AGCAGGT GGCAGCAGGGCAACGT GT TCAGCT GCAGCGTGAT GCACGAGGCCCT GCACAACCA

CTACACCCAGAAGTCCCTGAGCC TGAGCCCCGGCAAGTCGACCGGTGAGGTGCAGCTGCTGG

TGTCTGGCGGCGGACTGGT GCAGCCTGGCGGCAGCCTGAGACTGAGC TGCGCCGCCAGCGGC

TTCACCT TCAAGGCCTACCCCAT GATGT GGGTGCGGCAGGC CCCTGGCAAGGGCCTGGAATG

GGT GT CCGAGATCAGCCCCAGCGGCAGCTACACCTACTACGCCGACAGCGTGAAGGGCCGGT

TCACCATCAGC CGGGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGCGGGCC

GAGGACACCGCCGTGTACTACTGCGCCAAGGACCCCCGGAAGCTGGACTACTGGGGCCAGGG

CACCCTGGTGACCGTGAGCAGC

  

SEQ ID NO:49

LPAQVAFTPYAPEPGSTCRLREY Y¥Y DOTAQMCCSKCS PGQHARVECTRKTSDTIVCDSCEDSTYT

QLWNWVPECLSCGSRCS SDOVETQACTREONRICTCRPGWY CALSKOQEGCRLCAPLRKCRPG

FGVARPGTETS DVVCKPCAPGTFSNTTSS TDICRPHQICNVVAIPGNASMDAVCTSTSPTRS

MAPGAVHLPOPVSTRSQHTOPTPEPSTAPSTSFLLPMGPSP PAEGSTGDEPKSCDKTHTCPP

CPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVSHE DPEVKFNWYVDGVEVHNARTR

PREEQYNSTYRVVSVLTVLHQDWLNGRKEY KCRKVSNKALPAPIERTISKAKGOPREPOVYTLP

PSREEMTKNOVSLTCLVKGFY PS DIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDK

SRWOOGNVESCSVMHEALHNHYTOKSLSLS PGKSTGEVOQLLVSGGGLVOPGGS LRLSCAASG

FTFRKAY PMMWVRQAPGKGLEWVSEISPSGSYTYYADSVKGRFTISRDNSKNTLYLOMNS LRA

DTAVYYCAKDPRKLDYWGOGTLVTVSS

 
          i

            
   
  

  
 

   
   
= =

          n
    

              
 

     tl 

SEQ ID NO:50

CTGCCCGCTCAGGTGGCCTTCACTCCCTACGCCCCAGAGCCCGGCTCTACCTGCAGGCT GAG

GGAGTACTACGACCAGACCGCCCAGAT GT GC TGCAGCAAGT GCAGCC CC GGCCAGCACGCCA

AAGTGTTCTGCACCAAGACCAGCGACACCGTGTGCGATAGC TGCGAGGACAGCACCTACACC

CAGCT GTGGAACTGGGT CCCCGAGTGCCT GAGCTGCGGCTCTAGGTGTAGCAGCGACCAGGT  
115
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CGAGACCCAGGCCTGCACCAGGGAACAGAACCGGATCTGCACATGCAGGCCCGGCTGGTACT

GCGCCCT CAGCAAACAGGAGGGC TGCAGGCT GT GT GCCCCCCTCAGGAAGT GCAGGCCC GGG

TTT GGCGTGGCCAGGCCCGGAACCGAGACTAGCGACGT GGT GT GCAAACCCTGCGCCCCCGG

CACCT TCAGCAATACCACTAGCAGCACCGACAT CT GCAGGC CT CACCAGAT CT GCAACGTGG

TGGCCATTCCCGGCAAC GCAAGCATGGAC GCCGTGTGCACCAGCACCAGCCCCACCAGGTCA

ATGGCCCCTGGAGCCGTGCAT CT GCCCCAGCCCGT GAGCAC CAGAAGCCAGCACACCCAGCC

TACCCCCGAGC CCAGCACCGCCCCTAGCACCAGCT TCCTGCTGCCTATGGGCCCCTCCCCTC

CCGCCGAGGGC TCAACCGGCGAC GAACCCAAGAGC TGCGACAAGACC CACACCTGCCCCCCC

TGCCCCGCACCAGAACT CCTGGGCGGACCCAGCGT GT TCCTGTTCCCCCCCAAGCCCAAGGA

CACCCTGATGATCAGCAGGACCCCCGAGGTGACCT GTGTGGTGGTGGACGTGAGCCACGAGG

ACCCCGAGGTGAAGT TCAACTGGTACGTGGACGGCGT GGAGGT GCACAACGCCAAGACCAAG

CCCAGGGAGGAGCAGTACAACAGCACCTACAGGGT GGTGAGCGTCCTGACCGTGCTGCACCA

GGACT GGCT GAACGGCAAGGAGT ACAAGT GCAAGGTGAGCAACAAGGCCCT GCCCGCCCCCA

TCGAGAAGACCAT CAGCAAGGCCAAAGGC CAGCCCAGGGAGCCACAGGT GTACACACTGCCC

CCCAGCAGGGAGGAGAT GACCAAGAACCAGGTGAGCCTGACCTGCCTGGTGAAGGGCTTCTA

TCCCAGCGATATCGCCGTGGAGT GGGAGAGCAACGGCCAGC CC GAGAACAACTACAAGACCA

CCCCCCCCGTCCTGGACTCCGACGGGAGCT TCT TCCTGTACAGCAAGCTGACCGTGGACAAG

AGCAGGT GGCAGCAGGGCAACGT GT TCAGCTGCAGCGTGAT GCACGAGGCCCT GCACAACCA

CTACACCCAGAAGTCCCTGAGCC TGAGCE CC GGCAAGACCGTGGCGGCGCCCAGCACGGTGG

CCGCCCCCTCCACCGTCGCCGCGCCAAGCACCGTGGCTGCT CCGTCGACCGGTGAGGTGCAG

CTGCTGGTGTCTGGCGGCGGACTGGTGCAGCCTGGCGGCAGCCTGAGACTGAGCTGCGCCGC

CAGCGGCTTCACCTTCAAGGCCTACCCCATGAT GT GGGT GC GGCAGGCCCCTGGCAAGGGCC

TGGAATGGGTGTCCGAGATCAGC CCCAGC GGCAGCTACACCTACTACGCCGACAGCGTGAAG

GGCCGGTTCACCATCAGCCGGGACAACAGCAAGAACACCCT GTACCT GCAGAT GAACAGCCT

GCGGGCCGAGGACACCGCCGTGTACTACT GCGCCAAGGACC CC CGGAAGCTGGAC TACT GGG

GCCAGGGCACCCTGGTGACCGTGAGCAGC

  

 

SEQ ID NO:51

LPAQVAFTPYAPEPGSTCRLREY Y¥Y DOTAQMCCSKCS PGQHARVECTRKTSDTIVCDSCEDSTYT

QLWNWVPECLSCGSRCS SDOVETQACTREONRICTCRPGWY CALSKOQEGCRLCAPLRKCRPG

FGVARPGTETS DVVCKPCAPGTFSNTTSS TDICRPHQICNVVAIPGNASMDAVCTSTSPTRS

MAPGAVHLPOPVSTRSQHTOPTPEPSTAPSTSFLLPMGPSP PAEGSTGDEPKSCDKTHTCPP

CPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVSHE DPEVKFNWYVDGVEVHNARTR

PREEQYNSTYRVVSVLTVLHQDWLNGRKEY KCRKVSNKALPAPIERTISKAKGOPREPOVYTLP

PSREEMTKNOVSLTCLVKGFY PS DIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDK

SRWOOGNVESCSVMHEALHNHYTOKSLSLSPGKTVAAPS TVAAPSTVAAPSTVAAPSTGEVQ

LLVSGGGLVQOPGGSLRLSCAASGFTFKAY PMMWVROAPGKGLEWVSEISPSGSYTYYADSVK

GRETISRDNSKNTLYLOMNSLRAEDTAVY YCAKDPRKLDYWGOGTLVTVSS

 
          i

            
   
  

    
   
  
=

               
   

       
 
     

  

SEQ ID NO:52

ATTATGGGATCCACCGGCGAGGT GCAGCTGTTGGTGT

SEQ ID NO:53

GCT GGGGCCCT TGGTGCTAGCGCTCGAGACGGTGACCAGG
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SEQ ID NO:54

CTCGAGCGCTAGCACCAAGGGCCCCAGCGACATCCAGATGACCC

SEQ ID NO:55

TTATGTCAAGCTTTTACCGTTTGATTTCCACCTTGGT

SEQ ID NO:56

ATTATGGGATCCACCGGCGACAT CCAGAT GACCCAGTCTCC

SEQ ID NO:57

GCGCCGCCACCGTACGTTTGATTTCCACCTTGGTCCC

SEQ ID NO:58

CAAACGTACGGTGGCGGCGCCGAGCGAGGTGCAGCTGTTGGTGTC

SEQ ID NO:59

TTATGTCAAGCTTTTAGCTCGAGACGGTGACCAG

SEQ ID NO:60

GGT GGAAAT CAAACGTACGGT GGCGGCGCCGAGCGA

SEQ ID NO:61

GAGGT GCAGCT GT TGGTGTCTGGGGGAGGCT TGGTACAGCCTGGGGGGTCCCTGCGTCTCTC

CTGTGCAGCCTCCGGATTCACCT TTAAGGCTTATCCGATGATGTGGGTCCGCCAGGCTCCAG

GGAAGGGTCTAGAGTGGGTTTCAGAGATT TCGCCTTCGGGTTCTTATACATACTACGCAGAC

TCCGT GAAGGGCCGGTT CACCAT CT CCCGCGACAAT TCCAAGAACACGCTGTATCTGCAAAT

GAACAGCCTGCGTGCCGAGGACACCGCGGTATATTACTGTGCGAAAGATCCTCGGAAGT TAG

ACTAC TGGGGT CAGGGAACCCTGGTCACCGTCT CGAGCGCTAGCACCAAGGGCCCCAGCGAC

ATCCAGATGACCCAGTCTCCATCCTCT CT GTCTGCATCTGTAGGAGACCGTGTCACCATCAC

TTI GCCGGGCAAGTCAGAGCATTGATAGTTATTTACATTGGTACCAGCAGAAAC CAGGGAAAG

CCCCTAAGCTCCTGATCTATAGTGCATCCGAGT TGCAAAGT GGGGTCCCATCACGTTTCAGT

GGCAGTGGATCTGGGACAGATTTCACTCT CACCAT CAGCAGTCTGCAACCTGAAGATTT TGC

TACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGT TCGGCCAAGGGACCAAGGTGG

AAATCAAACGG

SEQ ID NO:62

EVQLLVSGGGLVOPGGS LRLSCAASGFTFRKAY PMMWVROAPGKGLEWVSEISPSGSYTYYAD

SVKGRFETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSSASTKGPSD

IOMTOSPSSLSASVGDRVTITCRASOS IDSYLHWY QOKPGKAPKLLI YSASELOSGVPSRFES

GSGSGTDFTLTISSLOPEDFATY YCQOVVWRPETFEGOGTKVETRKR

  
 

=
   

  

      
 
         
 
       el  

SEQ ID NO:63

GACAT CCAGATGACCCAGTCTCCATCCTCTCTGTCTGCATCTGTAGGAGACCGTGTCACCAT

CACTTGCCGGGCAAGTCAGAGCATTGATAGTTATT TACATT GGTACCAGCAGAAACCAGGGA

AAGCCCCTAAGCTCCTGATCTATAGTGCATCCGAGTT GCAAAGTGGGGT CCCATCACGTTTC
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AGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGT CT GCAACCTGAAGATTT

TGCTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAAGGGACCAAGG

TGGAAAT CAAACGTACGGT GGCGGCGCCGAGCGAGGT GCAGCTGTTGGTGTCT GGGGGAGGC

TT GGTACAGCCTGGGGGGTCCCTGCGTCTCTCCTGTGCAGCCTCCGGATTCACCTTTAAGGC

TTATCCGATGATGTGGGTCCGCCAGGCTCCAGGGAAGGGTCTAGAGTGGGTTTCAGAGATTT

CGCCTTCGGGTTCTTATACATAC TACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCCGC

GACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCT GCGTGC CGAGGACACCGCGGT

ATATTACTGTGCGAAAGATCCTCGGAAGT TAGACTACTGGGGT CAGGGAACCCTGGTCACCG

TCT CGAGC

SEQ ID NO:64

DIOMTOSPSSLSASVGDRVTITCRASOSI DS YLHWYQOKPGKAPKLLIYSASELQOSGVPSREFE

SGSGSGTDEFTLTISSLOPEDFATYYCOOQVVWRPETFEGOGTRKVETKRTIVAAPSEVOLLVSGGG

LVQPGGSLRLS CAASGFE TFRAY PMMWVROAPGRGLEWVSEISPSGSYTYYADSVKGRFETISR

DNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSS

    
 

         
       
       

SEQ ID NO:65

EVOQLLIVSGGGLVOPGGS LRLSCAASGFTFPRKAY PMMWVROAPGKGLEWVSEISPSGSYTYYAD

SVKGRFETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSSASTHTCPP

CPAPELLGGPSVEFLEPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTK

PREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIERTISKAKGOQPREPOVYTLP

PSRDELTKNQOVSLTCLVKGFY PS DIAVEWESNGOPENNYRTTPPVLDSDGSFFLYSKLTVDRK

SRWQOGNVESCSVMHEALHNHYTOKSLSLS PGRGSEQKLISEEDLN

     
  

=
 
 

        
       

  
               

 E          
 

SEQ ID NO:66

GSTVAAPSGSTVAAPSGS

SEQ ID NO:67

GSTVAAPSGSTVAAPSGSTVAAPSGS

SEQ ID NO:68

GSTVAAPSGSTVAAPSGSTVAAPSGSTVAAPSGS

SEQID NO:69

EVOLVESGGGLVQOPGRS LRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGRETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSVFPLAPS SKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELAGAPSVELFP

PKPKDTLMISRTPEVTCVVVDVS HEDPEVKFENWYVDGVEVHNAKTKPREEOYNSTYRVVSVL

TVLHODWLNGKEYKCKVSNRKALPAPTERT ISKAKGOPREPOVYTLPPSRDELTRNOVSLTCL

VKGEFY PSDIAVEWESNGOPENNYRTTPPVLDSDGS FFLYSKLTVDKS RWOOGNVFESCSVMH

ALHNHYTOKSLSLSPGKGS TVAAPSGSEVOLLVSGGGLVOPGGSLRLSCAASGFTFRKAY PMM

WVROAPGRKGLEWVSETIS PSGSYTYYADSVKGRFETISRDNSKNTLY LOMNSLRAEDTAVYYCA

KDPRKLDYWGOGTLVTVSS

  
    
  

     
  

      UW
  
  

  
 

        
           

 
     Gl 
     r,  
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SEQ ID NO:70

EVOLVESGGGLVOPGRS LRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGRFETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTVPSSSLGTOTYICNVNHKPSNTKVDKRKVEPKSCDRTHTCPPCPAPHLAGAPSVELFP

PKPKDTLMISRTPEVTCVVVDVS HEDPEVKFNWYV DGVEVHNAKTKPREEQYNSTYRVVSVL

TVLHODWLNGKEYKCKVSNKALPAPIERKT ISKAKGOPREPOVYTLPPSRDELTKNOVSLTCL

VKGFY PSDIAVEWESNGOPENNYRTTPPVLDSDGS FFLYSKLTVDKS RWOOGNVESCSVMH

ALHNHYTOKSLSLSPGRGS TVAAPSGSTVAAPSGS EVOLLVSGGGLVOPGGSLRLSCAASGE

TEKAY PMMWVROAPGKGLEWVSEISPSGSYTYYADSVKGRFTISRDNSKNTLY LOMNSLRAE

DTAVY YCAKDPRKLDYWGOGTLVTVSS

  
      
  

    
   
    

 
 

 
        

           
  

      Tr
  Cl

     1] 
 

 

          
    

SEQ ID NO:71

EVOLVESGGGLVQOPGRS LRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGRETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLS TASSLDYWGOGTLVTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTIVPSSSLGTOTYICNVNHKPSNTRKVDKKVEPKSCDKTHTCPPC PAPELAGAPSVELFP

PKPKDTI SRTPEVTCVVVDVS HEDPEVKENWYV DGVEVHNAKTKPREEOYNSTYRVVSVL

TVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTCL

VKGEY PSDIAVEWESNGOPENNYRTTPPVLDSDGS FFLYSKLTVDKSRWOQOGNVFSCSVMH

ALHNHYTOKSLSLSPGKGSTVAAPSGSTVAAPSGS TVAAPS GSEVOLLVSGGGLVQOPGGSLR

LSCAASGFETERKAY PMMWVROAPGKGLEWVSEISPSGSYTYYADSVKGRFTISRDNSKNTLYL

QMNSLRAEDTAVYYCAKDPRKLDYWGOGTLVTVSS

  
     
  
     
  

     
  

 
          iz   

            
  

        El
 

  
 

       
T

 
  

SEQ ID NO:72

EVOLVESGGGLVOPGRS LRLSCAASGFETFDDYAMHWVROAPGKGLEWVSAITWNSGHIDYAD

SVEGREFTISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELAGAPSVELFP

PKPKDTLMISRTPEVTCVVVDVS HEDPEVKFENWYVDGVEVHNARTKPREEBEOYNSTYRVVSVL

TVLHQDWLNGKEYKCKVSNRKALPAPIERKT ISKAKGQPREPOVYTLPPSRDELTKNOVSLTCL

VKGEY PSDIAVEWESNGOPENNYRKTTPPVLDSDGS FFLYSKLTVDKS RWOOGNVESCSVMH

ALHNHYTORKSLSLSPGKGS TVAAPSGSTVAAPSGS TVAAPS GS TVAAPSGSEVOLLVSGGGL

VOPGGSLRLSCAASGET FRAY PMMWVROAPGKGLEWVSEIS PSGSYTYYADSVKGRFETISRD

NSKNTLYLOMNSLRABEDTAVY YCAKDPRKLDYWGOQGTLVTVSS

 

     
  
       

=      
 

  
 

       
          
  

        Gl
    

       
     

 

SEQ ID NO:73

LPAQVAFTPYAPEPGSTCRLREY YDOTAQMCCSKCS PGQHARVECTRTSDTVCDSCEDSTYT

QLWNWVPECLSCGSRCS SDOVETQACTREONRICTCRPGWY CALSKOQEGCRLCAPLRKCRPG

FGVARPGTETS DVVCKPCAPGTFSNTTSS TDICRPHOICNVVAIPGNASMDAVCTSTSPTRS

MAPGAVHLPOPVSTRSQHTOPTPEPSTAPSTSFLLPMGPSP PAEGSTGDEPKSCDKTHTCPP

CPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVSHE DPEVKFNWYVDGVEVHNARTR

PREEOYNSTYRVVSVLTVLHODWLNGKEY KCKVSNKALPAPIERTISKAKGOPREPOVY TIP

PSREEMTKNQOVSLTCLVKGFY PS DIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDK

 
 
         i

            
     

   
                    UI  i  
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SRWOOGNVE'SCSVMHEALHNHYTOKSLSLS PGRTVAAPSEVQOLLVSGGGLVOPGGSLRLSCA

ASGET FKAY PMMWVRQAPGKGLEWVSEIS PSGSYTYYADSVKGRFTISRDNSKNTLYLOMNS

LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSS

        
 

       
 

SEQ ID NO:74

LPAQVAFTPYAPEPGSTCRLREY YDOTAOQMCCSKCS PGQHAKVECTKTSDTVCDSCEDSTYT

QLWNWVPECLSCGSRCS SDOVETOACTREONRICTCRPGWY CALSKOBGCRLCAPLRKCRPG

FGVARPGTETS DVVCKPCAPGTFSNTTSS TDICRPHOQICNVVAIPGNASMDAVCTSTSPTRS

MAPGAVHLPOPVSTRSQHTOPTPEPSTAPSTSFLLPMGPSP PAKGSTGDEPKSCDKTHTCPP

CPAPELLGGPSVELEPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTK

PREEQYNSTYRVVSVLTVLHODWLNGKEY KCKVSNKALPAPIERKTISKAKGOPREPOVYTLP

PSREEMTKNQOVSLTCLVKGFY PS DIAVEWESNGOQPENNYRKTTPPVLDSDGSFFLYSKLTVDK

SRWOQOGNVESCSVMHEALHNHYTORSLSLSPGRTVAAPS DIOMTOSPSSLSASVGDRVTITC

RASQWIGPELRWYQOQKPGKAPKLLIYHTS ILQSGVPSRFSGSGSGTDFTLTISSLOPEDFAT

YYCQOYMFOPMTFGOGTKVEITKR

  
  

     
   E 

        i
           'U
  

       
   
            
       

  
   

          
      

 
 

SEQ ID NO:75

LPAQVAF'TPYAPEPGSTCRLREY ¥Y DOTAQMCCSKCS PGQHARVECTRTSDTIVCDSCEDSTYT

QLWNWVPECLSCGSRCS SDOVETQACTREONRICTCRPGWY CALSKOEGCRLCAPLRKCRPG

FGVARPGTETS DVVCKPCAPGTFSNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRS

MAPGAVHLPOPVSTRSQHTOPTPEPSTAPSTSFLLPMGPSPPAEGSTGDEPKSCDKTHTCPP

CPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVSHE DPEVKENWYVDGVEVHNARTR

PREEQYNSTYRVVSVLTVLHQDWLNGRKEY KCRVSNKALPAPIERTISKAKGOPREPOVYTLP

PSREEMTKNOVSLTCLVKGFY PS DIAVEWESNGOPENNYRKTTPPVLDSDGSFFLYSKLTVDK

SRWQOGNVESCSVMHEALHNHYTOKSLSLSPGRTVAAPS DGGGIRRSMSGTWY LKAMTVDRE

FPEMNLESVTPMTLTLLKGHNLEAKVTMLISGRCOEVKAVLGRTKERKKYTADGGRKHVAY

PSAVRDHVIFYSEGQLHGKPVRGVKLVGRDPKNNLEALEDFEKAAGARGLSTESILIPROSE

TCSPG

            
            

   
   G]    

   GI
   
      T,

 
  

                
  

=
  

     
   

                i   

SEQ ID NO:76

EVRLEESGGGLVQPGGSMKLSCVASGFIFSNHWMNWVROSPEKGLEWVAETIRSKSINSATHY

AESVKGRETISRDDSKSAVYLOMTDLRTEDTGVYYCSRNYYGSTYDYWGOGTTLTVSSASTK

GPSEVOLVESGGGLVOPGGSLRLSCAASGYTETNY GMNWVROAPGKGLEWVGWINTYTGEPT

YAADFRKRRFETFESLDTSKSTAY LOMNSLRAEDTAVY YCARY PHY YGSSHWYFDVWGOGTLVTV

SSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS

GLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS

VELEPPKPKDTLMISRT PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR

VVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIERTI SKAKGOPREPOVYTLPPSREEMTKNOV

SLTCLVKGFYPSDIAVEWESNGOPENNYRTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESC

Sv

  
        E
  

           
  

     A  
        El
 

          
 
           

  E             t=

SEQ ID NO:77

DILLTOSPATLSVSPGERVSFSCRASOFVGSSIHWYQORTNGS PRLLIKYASESMSGIPSRE

SGSGSGTDETLSINTVESEDIADYYCOOSHSWPETEGSGTNLEVKRTVAAPSDIQOQMTOSPSS
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LSASVGDRVTITC  
LT  SSLQP
 
  LLNNE YP   REAKVO

 SASQDISNYLNWYQOOKPGKAPKVLIYETSSL

EDFATYYCOQOYSTVPWTIFGOGTRKV.

 
=

 K
 

 

WKVDNALOSGNSO  ESVT    EQDSK
 

 THOGLSSPVTKSENRGEC

SEQ ID NO:78 
  EVKLE  
 
 

A

G  

VIVSSASTKGPSVEPLAPSSKSTSGGTAALGC]I

QSSGLYSLSSVVTVPSSS
 

ESVKG

PSQOVOLVOSGAE

YAQKFQOQGRVTMT!I

RETISRD

 =  Gi

GPSVFLFPPKPKD

TYRVVSVLTVI

NOVSLTCLVKGFYPS

FSCSVMHI

1HQ

ESGGGLVOPGGSMKLSCVASGFI LE SN

RIVAAPSVE]

DSTYSLSSTLTLSKA

 HSGVPSRESGSGSGTDI

PCT/EP2010/057246

Hy H 
  [LF PPS  DEQLKSGTASVV

DYE KHKVYACE

OQ
    <q

 
HWMNWV 

DSKSAVYLQOMTDL 

  
RT

 
EDTGVYYCS!]

VEKKPGASVRKVSCKASGGTESSYAI

DISTDTAYMELSSLRSEDTAVY YCATGRSM

   
 

 
  TLM!1

DW]

[SRTP

 
 

EVTCVVVDVSHEDE

INGKEYKCKVSNKAI  
 Ci ALHNH

SEQ ID NO:79

 DILLTOSPA

SGSGSGT

LSASVGD

    DIAVEW

YTOKSLSLSPGK

 

 
 LSV
 

SPGERVSFSCRASOFVGSS]  DE TLS   NTVESE  D  A
 

  
 RVTITC  

  LTISSLOP   LLNNE'YP REAKVO

 
 

RASOQS

ESNGOQPI 

SSYLNWYQOKPGKAPKI

EDFATYYCQQSYSTPLTFGGGTRV.

VK
 

[SWVROA

DYE'P

LGTQOTYICNVNHKPSNTKV

ROSPEKGL EWVAEIRSKSINSATHY   
 

 RNYYGSTY

PGQGLEWMGGE

 DYWGOGTTLTVSSASTR

DPEDGETI

     
 

  

  
 

Pp   
 

 
 iPAP  ERT  SKAKGQOP
 

ENNYRKTTPPVL

 

Lid

 DSDGSEF

FRGVIIP

EPVTVSW.

DKKVEPKSC

EVKENWYVDGVEVHNAKTKP

LYSKLTV

     ENGMDVWGOGTT

SGALTSGVHTFPAVL

DKTHTCPPCPAPELLG

EQYNS

EH POVYTLPPSREEMTK

DKSRWOOGNV

 

 
  

RE
     R]
  

  

 

LHWYQORTNGS PRI

DYYCQOOCSHSWPETFGSGTNLEVK 

 
 

 
IK E    

WKVDNALOSGNSQ  SVT  EQDSK
 

 THOGLSSPVTKSFNRGEC

SEQ ID NO:80 
 EVKL  

=
 
 

iESGGGLVQ 

AESVKGRETISRD   

GPS EVOLV  ESGGG
  

YAA DFKRRETESL

SSASTKGPSVEFPI]

GLYSLSSVVTVPSSSLGTOTYI

  
SEQ ID NO:81

D  ILLTQOSPA

SGSGSGT

LSASVGD

 

PGGSMKLSCVASG Hr  FP SNHWMNWVI

  DSKSAVYLOMTDL

LVOPGGSL

 

   

 

 

LSV
 T,

S PGE   DF TLS   NTVES  ED  
 
 

 RVTITC 
 

LT  SSLQP
 
  

LLNNE'YP
  
REAKVO

SASQ  

RT

RLSCAASGY

DI SKSTAY LOMNSLRA

LAPSSKSTSGGTAAI 
RVSFSCRASOFVGSS]

ADYYCOQOQSHSW

DISNYLNWYQOKPGKAPKVLIYFTSSL

EDFATYYCOOQYSTVPWIFGOGTRV.

mh

LGC

DT GVYYCS

RTVAAPSVE]

DSTYSLSSTLTLSKA

iT  KYASESMSG  PSRE
  

 RTIVAAPSDIRMTOSPSS

[YAASSLOSGVPSRESGSGSGTDFT

 

 
 LE PPSDEQILKSGTASVVC

DYEKHKVYACEV

    

 
Dp

 EKGL EWVABRIRSKS INSATHY   
 

ROSE

RNYYGSTY 
 I 

LVR!  

 

PFT

 
=

 K
 

  
WKVDNALQOSGNSQ!

 THOGLSSPVTKSFNRGEC

SEQ ID NO:82 
T,

 EVKL   
 

A  ESVKGRE'TI 

iESGGGLVQPGGSMKLSCVASGEF]

[SRDDSKSAVYLOMTDLRT

 

 

ESVTEQ

LE SNHWMNWV

EDTGVYYCS!I

  
 DSK

DETHYGMNWVI

DIAVY YCAKYPYYYGTSHWYFDVWGOGTLVTV

DYFPEPVTVSWNSGALTSGVHTFPAVLOSS

[CNVNHKPSNTKVDKKVEPKSC

[LHWYOORTNGSP

FGSGTNLI

RIVAAPSVE]

DSTYSLSSTLTLSKA

  DYWGOGTTLTIVSSASTK 

  

RQAPGKGL

DRTHL

 EWVGWINTYTGEPT  
 

  
 

 

RLL
 

 KYASESMSGIPSRE 
 

EVKRTVAA

 

PSDIQOLTOSPSS 

HSGVPSRESGSGSGTDFT 
   [LFPPS  DEQLKSGTASVVC

DYE KHRVYACEV
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GPSVE PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS

SVVTVPSSSLGTOTY ICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT

VLHOQDWLNGKEYKCKVSNKALPAPIERKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTCLV

KGFYPSDIAVEWESNGQPENNYRTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEA

LHNHY TOKSLS LS PGRTVAAPSEVOLLVS GGGLVQOPGGS LRLS CAAS GF TFRKAY PMMWVROA

PGKGLEWVSEISPSGSYTYYADSVKGRETISRDNSKNTLYLOMNSLRAEDTAVYYCAKDPRK

LDYWGOGTLVTVSS

 al
 

    
= 

        
   

           el
 

        
  

 
 

  
           C7]  

    C

SEQ ID NO:83

EVKLEESGGGLVOPGGSMKLSCVASGFIFSNHWMNWVROS PEKGLEWVAEIRSKS INSATHY

AESVKGRFETISRDDSKSAVYLOMTDLRTEDTGVYYCSRNYYGSTYDYWGOGTTLTVSSASTRK

GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS

SVVTVPSSSLGTOTY ICNVNHKPSNTRKVDRKKVEPKSCDRTHTCPPCPAPELLGGPSVFLEPP

KPKDTLMISRTPEVTCVVVDVSHEDPEVKFEFNWYVDGVEVHNAKTKPREBOYNSTYRVVSVLT

VLHODWLNGKEYKCKVSNKALPAPIERKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTCLV

KGFYPSDIAVEWESNGQ PENNYRTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEA

LHNHYTOKSLSLS PGKTVAAPSDIOMTQOS PSSLSASVGDRVTITCRASQWIGPELRWYQQKP

GKAPKLLIYHTSILOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQYMFOPMTFGQOGT

KVEIKR

  
      
  
            

 
T  
     

 
            

  
           

  
  

       
 

 
          

  
    
 

SEQ ID NO:84

EVKLEESGGGLVOPGGSMKLSCVASGFIFSNHWMNWVRQS PEKGLEWVAEIRSKSINSATHY

AESVKGRETISRDDSKSAVYLOMTDLRTEDTGVYYCSRNYYGSTYDYWGOGTTLTVSSASTK

GPSVFPLAPSSKSTSGGTAALGCLVKDYF PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS

SVVTVPSSSLGTOTY ICNVNHKPSNTKVDKKVEPKSCDRKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEOYNSTYRVVSVLT

VLHOQDWLNGKEYKCKVSNKALPAPIEKTI SKAKGOPREPOVYTLPPSRDELTKNOVSLTCLV

KGFY PSDIAVEWESNGOQPENNYRKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEA

LHNHYTOKSLSLSPGKTVAAPSDGGGIRRSMSGTWYLKAMTVDREFPEMNLESVTPMTLTLL

KGHNLEARVTMLISGRCQEVKAVLGRTKERKKY TADGGRHVAYIIPSAVRDHVIFYSEGQLH

GRKRPVRGVKLVGRDPKNNLEALEDFEKAAGARGLSTES ILIPROSETCSPG

  
       
  
           

 
    

= 
         

   
      

   
      
 

     
            =

      
             

     
  

SEQ ID NO:85

DILLTOS PATLSVSPGERVSFSCRASOFVGSS LHWYOQORTNGS PRLLIKYASESMSGIPSRE

SGSGSGTDFTLSINTVESEDIADYYCOOSHSWPFTFGSGTNLEVKRTVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNE'Y PREAKVOWKVDNALOSGNS QESVTEQDSKDSTYSLSSTLTLSKADY

ERKHRKVYACEVTHOGLSS PVTKSFNRGECTVAAPSEVQOLLVS GGGLVQ PGGSLRLSCAASGFT

FRAY PMMWVROAPGRKGLEWVSEITSPSGSYTYYADSVRKGRFT ISRDNSKNTLYLOQMNS LRAED

TAVYYCAKDPRKLDYWGQGTLVTVSS

=.
     

   

      
   
       

 
      

          
    

 

SEQ ID NO:86

DILLTOSPATLSVSPGERVSFSCRASOFVGSSIHWYQORTNGS PRLLIKYASESMSGIPSRE

SGSGSGTDETLSINTVESEDIADYYCOOSHSWPETEGSGTNLEVKRTVAAPSVFEFIEPPSDI

   
      

   

      

       fl 0
 

122

Regeneron Exhibit 1002.1027



WO 2010/136492 PCT/EP2010/057246

  

LKSGTASVVCLLNNE'Y PREAKVOWKVDNALQOSGNS QESVTEQDSKDSTYSLSSTLTLSKADY

EKHKVYACEVTHOGLSS PVIKSFNRGECTVAAPSDIOMTOS PSSLSASVGDRVTITCRASQW

GPELRWYQOK PGKAPKLLIYHTSILOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQOQ

YMFOPMTFEGOGTKVEIKR

   
 

      
          
   

    

SEQ ID NO:87

DILLTOSPATLSVSPGERVSFSCRASOFVGSSIHWYOQORTNGS PRLLIKYASESMSGIPSRE

SGSGSGTDFTLSINTVESEDIADYYCOOQSHSWPFTFGSGTNLEVKRTVAAPSVFIFPPSDEQ

LKESGTASVVCLLNNE'Y PREAKVOQWKVDNALQOSGNS QESVTEODSKDSTYSLSSTLTLSKADY

EKHKVYACEVTHOGLSS PVTKSFNRGECTVAAPSDGGGIRRSMSGTWYLKAMTVDREFPEMN

LESVT PMTLTLLUKGHNLEAKVTMLISGRCQEVKAVLGRTIKERKKY TADGGKHVAYIIPSAVR

DHVIFYSEGOQLHGKPVRGVKLVGRDPKNNLEALEDFEKAAGARGLSTESTILIPROSETCSPG

   
      

   
  

     
 
        

   
       

 
        

     
                    
   

SEQ ID NO:88

EVOLVESGGGLVOPGRS LRLSCAASGFETFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGRFTISRDNAKNSLYLOMNS LRAEDTAVYYCARKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSEVQOLVESGGGLVQPGGSLRLSCAASGYTETNYGMNWVROAPGKGLEWVGWINTYTGEP

TYAADFKRRE TES LDTSKS TAY LOMNS LRAEDTAVYYCAKY PHYYGSSHWY FDVWGOGTLVT

VSSAS TKGPSVFPLAPS SKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOS

SGLYSLSSVVTIVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYV DGVEVHNAKTKPREEQYNSTY

RVVSVLTVLHOQDWLNGKEYKCKVSNRKALPAPIERTISKAKGOPREPOVYTLPPSREEMTKNQ

VSLTCLVKGFY PSDIAVEWESNGOQPENNYRTTPPVLDSDGS FFLYSKLTVDKS RWOOGNVFS

CSVMHEALHNHYTOKSLSLSPGK

  
      
  
       
  
      
  
       [I
    

          
          

           
   
   

SEQ ID NO:89

DIOMTOS PSSLSASVGDRVTITCRASOGI RNYLAWYOOKPGKAPKLLIYAASTLOSGVPSRE

SGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGOGTKVETKRTIVAAPSDIQMTOSPSS

LSASVGDRVTITCSASODISNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSGSGTDFT

LTISSLOPEDFATYYCQOYSTVPWIFGOQGTKVEIKRIVAAPSVFIFPPSDEQLKSGTASVVC

LLNNE'Y PREAKVQOWRVDNALOSGNSQOESVTEQDSKDSTYSLSSTLTLSKADYERHRKVYACEV

THOGLSSPVTKSFNRGEC

    
 

    
      
  
 

    
   

   
             

 

SEQ ID NO:90

EVOLVESGGGLVQOPGRS LRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGREFTISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSQOVOLVOS GAEVKK PGASVKVSCKAS GGTESS YATISWVROAPGOGLEWMGGFDPEDGET

IYAQKFOGRVIMTEDTS TDTAYMELSSLRSEDTAVYYCATGRSMERGVIIPENGMDVWGQGT

TVTVSSASTKGPSVEPLAPSSKS TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTE PAV

LOSSGLYSLSSVVTVPSSSLGTOTY ICNVNHKPSNTKVDKKVEPRKSCDKTHTCPPCPAPELL

GGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEOQYN

STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPOVYTLPPSREEMT

KNOVS LTCLVKGFYPSDIAVEWESNGQPENNYRTTPPVLDS DGSFFLYSKLTVDKSRWQQGN

VESCS VMHEALHNHYTOKSLSLS PGK

  
     
  
     
  
      E  

            E   

=   
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SEQ ID NO:91

DIOMTOSPSSLSASVGDRVTITCRASOGI RNY LAWYQOQOKPGKAPKLLIYAASTLOSGVPSREFE

SGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGOGTKVETIKRTIVAAPSDIRMTOQSPSS

LSASVGDRVTITCRASOSISSYLNWYOQOKPGKAPKLIIYAASSLOSGVPSRESGSGSGTDFT

LTISSLOPEDFATYYCQQOSYSTPLTFGGGTKVETKRTVAAPSVEIFPPSDEQLKSGTAS VVC

LLNNEY PREAKVQOQWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEV

THOGLSSPVTKSFNRGEC

    
 

          
  
 

      
 

=
   

   
            

 

 

SEQ ID NO:92

EVOLVESGGGLVOPGRS LRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGRFETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASSLDYWGOGTLVTVSSAST

KGPSEVQOLVES GGGLVQPGGSLRLSCAAS GY DETHYGMNWVROAPGKGLEWVGWINTYTGEP

TYAADFKRRETESLDTSKSTAYLOMNS LRAEDTAVYYCARKY PYYYGTSHWY FDVWGOGTLVT

VSSAS TKGPSVFPLAPSSKSTSGGTAALGCLVRKDY FPEPVTVSWNSGALTSGVHTFPAVLOS

SGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHL

  
    
  
       
  
       
     GI

           

SEQ ID NO:93

DIOMTOS PSSLSASVGDRVTITCRASOGI RNY LAWYQOOKPGKAPKLLIYAASTLOSGVPSRE

SGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFEGOGTKVETIKRTIVAAPSDIQLTOSPSS

LSASVGDRVTITCSASQODISNYLNWYOQOKPGKAPKVLIYFTSSLHSGVPSRESGSGSGTDFT

LTISSLOPEDFATYYCQOYSTVPWTFGOQGTKVEIKRIVAAPSVFIFPPSDEQLKSGTASVVC

LLNNE'Y PREAKVQOWRVDNALOSGNSQOESVTEQDSKDSTYSLSSTLTLSKADYERHRKVYACEV

THQGLSSPVTRKSFNRGEC

    
 

  
=        
  
 

    
   

    
              

   

 

SEQ ID NO:94

EVOLVESGGGLVQOPGRS LRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAI TWNSGHIDYAD

SVEGRETISRDNAKNSLYLOMNS LRAEDTAVYYCAKVSYLSTASS LDYWGOGTLVTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL

SSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC PAPELLGGPSVFELFP

PKPKDTLMISRTPEVTCVVVDVS HEDPEVKFENWYVDGVEVHNAKTKPREEOYNSTYRVVSVL

TVLHQDWLNGKEYKCKVSNRKALPAPIERKT ISKAKGQPREPOVYTLPPSRDELTKNOVSLTCL

VKGEFY PSDIAVEWESNGOPENNYRTTPPVLDSDGS FFLYSKLTVDKS RWOOGNVFESCSVMHI

ALHNHYTOKSLSLSPGKTVAAPS DGGGIRRSMSGTWY LKAMTVDREFPEMNLESVTPMTLTL

LKGHNLEAKVTMLISGRCOEVKAVLGRTKERRKKYTADGGKHVAYIIPSAVRDHVIFYSEGOL

HGKPVRGVKLVGRDPKNNLEALE DFEKAAGARGLS TESILIPROSETCS PG

  
     
  

    
   

=      
 

  
 

       
   

          Gl
 

        
 

   
T,

            
     

          is    
  

SEQ ID NO:95

DIOMTOSPSSLSASVGDRVTITCRASOGIRNYLAWYQOKPGKAPKLLIYAASTLOSGVPSRE

SGSGSGTDFEFTLTISSLOPEDVATYYCORYNRAPYTFEGOGTKVETRKRIVAAPSVFIFEPPS DEQ

LKSGTASVVCLLNNFY PREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY

EKHKVYACEVTHOGLSS PVTKSFNRGECTVAAPSEVQOLLVS GGGLVQPGGSLRLSCAASGFT

FRAY PMMWVROAPGKGLEWVSEISPSGSYTYYADSVKGRETISRDNSKNTLYLQMNS LRAED

TAVYYCAKDPRKLDYWGOGTLVTVSS

    
 

   
   

      
 

=   
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SEQ ID NO:96

DIOMTOSPSSLSASVGDRVTITCRASOGI RNY LAWYQOQOKPGKAPKLLIYAASTLOSGVPSREFE

SGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGOGTKVEIKRTIVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNE'Y PREAKVOWKVDNALQOSGNSQESVTEQDSKDSTYSLSSTLTLSKADY

EKHRKVYACEVTHQGLSS PVTKSFNRGECTVAAPS DIQMTQS PSSLSASVGDRVTITCRASQW

GPELRWYOOK PGKAPKLLIYHTSILOSGVPSRFESGSGSGTDFTLTISSLOPEDFATYYCOQO

YMFOPMTFGOGTKVEIKR

    
 

   
    
  

                        
   

    
 

SEQ ID NO:97

DIOMTOS PSSLSASVGDRVTITCRASOGI RNYLAWYOOKPGKAPKLLIYAASTLOSGVPSRE

SGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGOGTKVEIKRTIVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNE'Y PREAKVOQWKVDNALQOSGNS QESVTEQDSKDSTYSLSSTLTLSKADY

ERHRKVYACEVTHOGLSS PVTKRSENRGECTVAAPSDGGGIRRSMSGTWYLKAMTVDREFPEMN

LESVT PMTLTLLKGHNLEARKVTMLISGRCQEVRKAVLGRTIKERKKY TADGGRHVAYIIPSAVR

DHVIFYSEGQLHGKPVRGVKLVGRDPKNNLEALEDFEKAAGARGLSTESILIPROSETCSPG

    
 

     
=

   
  

      
   

     
        

     
   

T,
                   
   

SEQ ID NO:98

QVOLVESGGGVVOPGRS LRLSCAASGFIFSS YAMHWVROAPGNGLEWVAEMS Y DGSNKKYAD

SVKGRETISRDNSKNTLYLOMNS LRAEDTAVYYCARDRGIAAGGNYY YY GMDVWGOGTTVTV

SSASTKGPSEVOLVESGGGLVOPGGSLRLSCAASGYTETNY GMNWVROAPGKGLEWVGWINT

YTGEPTYAADFKRREFTFSLDTSKSTAYLOMNSLRAEDTAVY YCARKY PHY YGSSHWYFDVWGOQ

GTLVTVSSASTRGPSVF PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP

AVLOSSGLYSLSSVVTVPSSSLGTOTY ICNVNHKPSNTKVDKKVEPKSCDRTHTCPPCPAPI

LLGGPSVFLEPPKPKDTLMISRT PEVTCVVVDVSHEDPEVKFENWYVDGVEVHNAKTKPREEQ

YNSTYRVVSVLTVLHQDWLNGKEYKCRVSNKALPAPTERTI SKAKGQPREPOVYTLPPSREE

MTKNOVSLTCLVKGFYPSDIAVEWESNGO PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ

GNVE'SCSVMHEALHNHY TOKSLSLS PGK

 

        
 

       
       El  

   
 

   Gl      
   

           
   
         

=
  

   
SEQ ID NO:99

EIVLTQS5 PATLSLS PGERATLSCRASQOSVYS YLAWYQOK PGQAPRLLIYDASNRATGI PARE

SGSGSGTDFTLTISSLEPEDFAVYYCOORSNWP PETEGPGTRKVDIKRTVAAPS DIQMTQSPS

SLSASVGDRVT ITCSASODISNY LNWYQOKPGKAPKVLIYFTSSLHSGVPSRFSGSGSGTDE

TLTISSLOPEDFATYYCOOYSTVPWTEFGOGTKVEIKRTIVAAPSVFIFPPSDEQLKSGTASVV

CLLNNF'Y PREAKVQWKV DNALOSGNSQOESVTEQDSKDSTYSLSSTLTLSKADY ERKHRVYAC!I

VTHOGLSSPVTKS FNRGEC

   
    
                 

 
    

    
   
  

T,          Cl
    

SEQ ID NO:100

QVOLVESGGGVVOPGRS LRLSCAASGFIFSS YAMHWVROAPGNGLEWVAEMS Y DGSNKKYAD

SVRGRFETISRDNSKNTLYLOMNS LRAEDTAVYYCARDRGIAAGGNYY YYGMDVWGOGTTVTV

SSASTKGPSQVOLVOSGAEVKKPGASVRVSCRASGGTFSSYAISWVROAPGOQGLEWMGGEDP

EDGETIYAQKFOGRVTMTEDTSTDTAYMELSSLRSEDTAVY YCATGRSMFRGVII PFNGMDV

WGOGTTVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVH

TEFPAVLOSSGLYSLSSVVIVPSSSLGTOTYICNVNHKPSNTKVDRKVEPKSCDKTHTCPPCP

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTEKPR

            
 

  
=           

     T,  
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HOYNSTYRVVSVLTVLHODWI

  
INGKEYKCKVSNKALPAP 

LEMTKNOVSLTCLVKGFYPS

FALHNHYTOKSLSLSPGK 

SEQ ID NO:101 
  
 

 

EIVLTQSPATLSLS PGI

SGSGSGT

SLSASVG

TLTISSLOQOPI

RRATLSC!

D  AVEW   
 

 

  DE TLTISSLEP   
i

 
 
 

DRVT   
CI
 

CLI

VT  
LNN

HOG

    PY PREAKVOWKV

  

SEQ ID NO:102

QVOLV!I

SVKGRETI

SSAST

EPTYAA

LVTVSSASTKGPSVEPLAPSSKSTS

LOSSGLYSLSSVVTVPSSSLGTQOTYI

YTG

GT

AV]

 

 

 S

ITCRASQS

DFATYYCQOQOSYST!I

DNALQSGNSQ

LSSPVTIKSFNRGEC

 
  

ESGGGVVQPGRS LRLSCAASGF]

RDNSEKNTLYI ,OMNS LRAE
 

   KGPSEVQI]

DFKR

iV.
 
   

 

SEQ ID NO:103 
  

SGSGSGT

SLSASVG

ESGGGLVQPGGSL

RETFSL

 
 DTSKSTAY 
  DE TLTISSLEP  
 
  DRVTITCSASQ  

TLT  SSLOPE
  

CLI

VT  
SEQ ID NO:104
QVOLVESGGGVVOPGRS LRLSCAASG

DNSKNTLYI

LAPSSKSTSGGTAAL

PSSSLGTOTYICNVN
EVTCVVV

EYKCKVSNKAL

ESNGQPENNYKTTPPVLDS

iS PGKTVAAPSEVOLI

SVKGI

SSASTKG

GLYSLSSVVTV

VELEP!I

VVSVI

SLTCI
EALSVMH

LNNE'YP

HQG

  REAKVOWKV

LSSPVTKS
  

  
 

RETI 

  DISNYI
  

DFATYYCQOYSTVPWTE

DNALOSGNSQ

F'NRGEC

RASOSVYS YLAWYOOKPGQAP

iDFAVYYCOQORSNWPPFTFGPGT

SSYLNWY QOQKPGKAPKI]

PLTEGGGTRVEL 

ESNGOPENNYKTTPPVL

PCT/EP2010/057246

 
  EKT  SKAKGQOPRE POVYT

DSDGSFFLYSKLTV

 LPPS

DKSR

 

  

  

RLLIYDASNRATGIPARE

KVDIKRTVAAPSDIRMTOQOSPS

LIYAASSLOSGVPSRFSGSGSGTDF

RTIVAAPSVE IF PPSDEOQLKSGTASVV

   
 

      
   

K   
 

    ESVT  EQ
 

 

 
LQOMNSI]

DSKDSTYS]

LE SSYAMHWVROQAPGNGLEWVAFMSY DGSNKKYA

DTAVYYCAR

RLSCAASGY

IRA

       IS STLTLSKADYEKHKVYAC!I Gl
 

  D

DRGIAAGGNYY YYGMDVWGQGTTVTV

DETHY GMNWVROAPGKGLEWVGWINT

DTAVY YCAKYPYYYGTSHWYFDVWGQ

    
 
  A

 

GGTAALGCLVK

    DYFPEPVTVSWNSGALTSGVHTFP 
   

EIVLTQS PATLSLSPGERATLSCRASQOSVYS YLAWYOQOQKPGQAP

EDEFAVYYCQOQRSNWPPFTFGPGTKV

INWYQOQKPGKAPKVLIYFTSSLHSGVPSRESGSGSGTDF

[LCNVNHKPSNTKV

 
  DKKVEPKSCDKTHL 

  

RLLTYDASNRATGI PARE

RTVAAPSDIQLTQSPS

  Ly

  DIK!      
KVE  GOGT

 

KRTIVAAPSVEIFPPSD  EQLKSGTASVV
 

   
T,

 io VT
 

EQ

 

FyQOMNS LRA
 

SR

PSVEP

Dp
  
PKPKDTLMISRTP

 PSSYAM

DSKDSTYSLSSTI

HWVROAPGNGLEWVA
DTAVYYCA

       TLSKADYEKHRKVYAC! Cl
 

 
 PMSYDGSNKKYAD

RDRGIAAGGNYY YYGMDVWGOGTTVTV 

GC]
 

  

DV
 

LTVLHOQDWLNGK!
 

 HK PSNTKV

PpPPEWVKDYF'PI

DKKVEPKSCDRT

   PVTVSWNSGALTSGVHTFPAVLOSS
 

 
  SHED 
 

PEVK

 

PNWYVDGVEVHNAKTKPREREOYNSTYR
 

 
 PAP  KKT  

 

HTCPPCPAPELLGGPS   SKAKGQPREPOVYTLPPSRDELTKNQOV
 

    LVKGFYPSDIAVEW

   
 

   
HNHY TOKSLS]

  

MWV]1

AK
  Pp

DFE
ROAPGKGL

] DYWGOGTLVTVSS

 

  
EWVSE   
    RK]Ly

SEQ ID NO:105
 

QVOLVESGGGVVQPGRSLI
 

SVKGI

SSASTKGPSVFPLAPSSKSTSGGTAAI

GLYSLSSVVTVPSSS

VEFLEFPPKPKDTLM

VVSVLTVLHQDWLNGRKEYKCRVSNKAL

 
RETISR 

RLS CAASGFE

  
 

LGTOTYICNVNH

  
 

iVSGGGI

  
 DGSFFLYSKLTVDKSRWQQGNVESC

LVQPGGSLRLSCAASGFTEKAYPM

 

  
SPSGSYTYYADSVKGRETI

IFSSYAM HWVROAPGNGLEWVAFMS Y DGSNKKYA

DNSKNTLYLQOMNS LRAEDTAVYYCARD

         SRDNSKNTLYLOMNS LRAEDTAVYYC
 

  D

RGIAAGGNYY YYGMDVWGOGTTVTV 

GCLVKDY
 

 
   SRTP   EVICVVV
  

 
 DVSHE

 
KPSNTKV

PEPE

DKKVEPKSC

   PVTVSWNSGALTSGVHTFPAVLOSS

DKTHTCPPCPAPELLGGPS
=

 
 

   DP 
 

EVKENWYVDGVEVHNAKTKPREE

 
 

 
PAPI ERT I 
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SLTCLVKGE'Y PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESC

SVMHEALHNHY TOKSLS LS PGKTVAAPSDIOMTOS PSSLSASVGDRVTITCRASQWIGPELR

WYQOQOK PGKAPKLLIYHTSILOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQYMFOPM

TEGOQGTKVETKR

       
     

  
     

 

SEQ ID NO:106

QVOLVESGGGVVOPGRS LRLSCAASGFIFSS YAMHWVROAPGNGLEWVAFMSY DGSNKKYAD

SVKGRETISRDNSKNTLYLQOMNS LRAEDTAVYYCARDRGIAAGGNYY YY GMDVWGOGTTVTV

SSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS

GLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDRKTHTCPPCPAPELLGGPS

VELEPPKPKDTLMISRT PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNSTYR

VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIERTISKAKGOPREPOVYTLPPSRDELTKNOV

SLTCLVKGFYPSDIAVEWESNGOPENNYRTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESC

SVMHEALHNHY TOKSLSLS PGKTVAAPSDGGGIRRSMSGTWYLKAMTVDREFPEMNLESVTP

MTLTLLKGHNLEAKVTMLISGRCOEVKAVLGRTKERKKY TADGGKHVAYIIPSAVRDHVIFY

SEGQLHGKPVRGVKLVGRDPKNNLEALEDFEKAAGARGLSTESTILIPROSETCSPG

       
 

7]     is  

   
 

        
         

  
          

7]       
           T,

     
             

      
   

SEQ ID NO:107

EIVLTQSPATLSLSPGERATLSCRASQOSVYS YLAWYQOKPGOQAPRLLIYDASNRATGI PARE

SGSGSGTDFTLTISSLEPEDFAVYYCOORSNWPPFTEFGPGTKVDIKRTVAAPSVFIFPPSDE

QLKSGTASVVCLLINNFY PREAKVQOWKV DNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKAD

YERHKVYACEVTHOGLSSPVTKS FNRGECTVAAPSEVQLLVSGGGLVQPGGSLRLSCAASGF

TEKAY PMMWVROAPGKGLEWVSEISPSGSYTYYADSVKGRETISRDNSKNTLY LOMNSLRAI

DTAVY YCAKDPRKLDYWGOGTLVTVSS

  
     
   
  

=       
 
      

             Ct]   
      

SEQ ID NO:108

EIVLTQS PATLSLSPGERATLSCRASQOSVYS YLAWYQOK PGOAPRLLIYDASNRATGI PARE

SGSGSGTDFTLTISSLEPEDFAVYYCOORSNWPPFTEFGPGTKVDIKRTVAAPSVFIFPPSDE

QLKSGTASVVCLINNEY PREAKVQOWKV DNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKAD

YEKHKVYACEVTHOGLSSPVTKS FNRGECTVAAPS DIOMTOSPSSLSASVGDRVTITCRASQ

WIGPELRWYQOQKPGKAPRKLLIYHTSILQSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQ

QYMFOPMTFGOGTKVEIKR

  
    
   
       

=
 

 
        

        
           E

   
 
 

SEQ ID NO:109

EIVLTQOS PATLSLSPGERATLSCRASQSVYS YLAWYQOKPGQAPRLLIYDASNRATGI PARE

SGSGSGTDFTLTISSLEPEDFAVYYCOORSNWPPFTFGPGTKVDIKRTVAAPSVFIFPPSDE

QLKSGTASVVCLLINNEFY PREAKVQOWKV DNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKAD

YEKHKVYACEVTHOGLSSPVTKS FNRGECTVAAPS DGGGIRRSMSGTWY LKAMTVDREF PEM

NLESVTPMTLTLLKGHNLEARVTMLTSGRCOEVKAVLGRTKERKRYTADGGRKHVAYITPSAV

RDHVI FYSHGQLHGKPVRGVKLVGRDPKNNLEALE DPFEKAAGARGLS TESTLI PROQSETCSP

G

  
    
   
          
 
     

  
       

 
         
 

                     
   

SEQ ID NO:110

QOVOLVOSGAERVKKPGASVRVSCTASGYTETHYGMNWVROAPGKGLEWMGWINTYTGEPTYAD    
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  E

  
KFEFKDRETESLETSASTVYMELTSLTSDDTAVY ¥Y CARERGDAMDYWGOGTLVTVSSASTKGPS

EVOLVESGGGLVOPGGS LRLSCAASGYTFTNYGMNWVROAPGKGLEWVGWINTYTGEPTYAA

DFKRRFTFSLDTSKSTAYLOMNS LRAEDTAVYYCAKY PHYYGSSHWY FDVWGOQGTLVTVSSA

STRGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVTIVPSSSLGTOTYICNVNHKPSNTKVDRKKVEPKSCDRTHTCPPCPAPELLGGPSVFL

FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEOQYNSTYRVVS

VLTVLHODWLNGKEYKCKVSNKALPAPIERKTISKAKGOPREPOVYTLPPSREEMTKNOVSLT

CLVKGFY PSDIAVEWESNGOPENNYRTTPPVLDSDGSFELYSKLTVDKSRWOQGNVESCSVM

HEALHNHYTQOKSLSLSPGK

    
   

      =
 

   
       

=
  
   

  
        r,    

   
          
  

 

SEQ ID NO:111

DIVMTOSPSSLSASVGDRVTLTCTASOSVSNDVVWYQORPGKAPKLLIYSAFNRYTGVPSREFE

SGRGYGTDEFTLTISSLOPEDVAVYYCOQDYNS PRT FGOGTKLEVKRTVAAPSDIQMTOSPSS

LSASVGDRVTITCSASQDISNYLNWYQQKPGKAPKVLIYFTSSLHSGVPSRESGSGSGTDFT

LTISSLOPEDFATYYCOOYSTVPWTFGOQGTKVETKRTVAAPSVETIFPPSDEQLKSGTASVVC

LLNNEFY PREAKVOWRVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEV

THOGLSSPVTKSFNRGEC

   
 

       
         

    
               

  
 

 

SEQ ID NO:112

QOVOLVOSGAEVKKPGASVKVSCTASGYTFTHYGMNWVROAPGKGLEWMGWINTYTGEPTYAD

KFRKDRFTESLETSASTVYMELTSLTSDDTAVYY CARERGDAMDYWGOGTLVTVSSASTKGPS

QVOLVOSGAEVKKPGASVRVSCRASGGTESS YATSWVROAPGOQGLEWMGGE DPEDGETIYAQ

KFOGRVTIMTEDTSTDTAYMELSS LRSEDTAVYYCATGRSMERGVIIPFNGMDVWGOGTTVTV

SSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYF PEPVTVSWNSGALTSGVHTFPAVLOSS

GLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDRTHTCPPCPAPELLGGPS

VEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNSTYR

VVSVLTVLHOQDWLNGKEYKCKVS NKALPAPIEKTISKAKGOPREPOVYTLPPSREEMTKNOV

SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESC

SVMHEALHNHY TOKSLSLS PGK

 
  
 

 
  

        
             

   
  

 
 

        
   

  
          

=   
         Gl   
  

SEQ ID NO:113

DIVMTQS PSSLSASVGDRVTLTCTASOSVSNDVVWYQORPGKAPKLLIIYSAFNRYTGVPSRE

SGRGYGTDFTLTISSLOPEDVAVYYCOODYNS PRT FGOGTKLEVKRTVAAPSEIVLTQS PAT

LSLSPGERATLSCRASOSVYS YLAWYQOK PGQAPRLLIYDASNRATGIPARFSGSGSGTDFT

LTISSLEPEDFAVYYCOORSNWPPETEGPGTRKRVDIKRTVAAPSDIRMTOSPSS LSASVGDRV

TITCRASQOSISSYLNWY QOQKPGKAPKLLIYAASSLOSGVPSRFSGSGSGTDFTLTISSLOPE

DFATYYCOOSYSTPLTFGGGTKVEITKRTIVAAPSVFIFPPSDEQLKSGTASVVCLLNNEY PRE

AKVOWRKVDNALOSGNSQOESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPV

TRKSENRGEC

  
 

       
   

     
                  
 

         
        

  
      

   

 

SEQ ID NO:114

QVOLVOSGAEVKKPGASVKVSCTASGYTETHYGMNWVROAPGKGLEWMGWINTYTGEPTYAD

KFRKDRFEFTFSLETSASTVYMELTSLTSDDTAVYYCARERGDAMDYWGOQGTLVTVSSASTKGPS

EVOLVESGGGLVOPGGS LRLSCAAS GY DF THYGMNWVROAPGKGLEWVGWINTYTGEPTYAA
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DFKRRETESLDTSKS TAY LOMNS LRAB DTAVYYCAKY PY YYGTSHWY FDVWGOGTLVTVSSA

STKGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVIVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHL

   
      

SEQ ID NO:115

DIVMTQS PSSLSASVGDRVTLTCTASOSVSNDVVWYQORPGKAPKLLIIYSAFNRYTGVPSRE

SGRGYGTDFTLTISSLOPEDVAVYYCOODYNS PRT FGOGTKLEVKRTVAAPSDIOQLTOSPSS

LSASVGDRVTITCSASODISNYLNWYQOKPGRKAPKVLIYFTSSLHSGVPSRFESGSGSGTDFT

LTISSLOPEDPATYYCOOYSTVPWITFGOGTKVEIKRTIVAAPSVEIFPPSDEQLKSGTASVVC

LLNNE'Y PREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEV

THOGLSSPVTKSENRGEC

  
 

 
r,

    
   

  
 

          
   
                  

  

  Gl

SEQ ID NO:116

DIVMTQOSPSSLSASVGDRVTLTCTASOSVSNDVVWYOQORPGRAPRKLLIYSAFNRYTGVPSRE

SGRGYGTDFTLTISSLOPEDVAVYYCOODYNS PRT FGOGTKLEVKRGGGGSGGGGSGGGGSS

GGGSQOVOLVOS GAEVKK PGASVKVSCTAS GY TFTHYGMNWVROAPGKGLEWMGWINTYTGEP

TYADKFRKDRETFSLETSASTVYMELTSLTSDDTAVYYCARERGDAMDYWGOGTLVTVSSAST

KGPSEVQLLVS GGGLVQPGGS LRLSCAAS GETEKAY PMMWVROAPGKGLEWVSEISPSGSYT

YYADSVKGRETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSS

    
 

  =
    
  

   
 

    
 

         =  
           [7] 
 

SEQ ID NO:117

DIVMTOSPSSLSASVGDRVTLTCTASOSVSNDVVWYOQORPGKAPKLLIYSAFNRYTGVPSRE

SGRGYGTDFTLTISSLOPEDVAVYYCOODYNS PRT FGOGTKLEVKRGGGGSGGGGSGGGGSS

GGGSOVOLVOS GAEVKK PGASVKVSCTAS GY TFTHYGMNWVROAPGKGLEWMGWINTYTGEP

TYADKFRKDRETFSLETSASTVYMELTSLTSDDTAVYYCARERGDAMDYWGOGTLVTVSSAST

KGPSDIQMTOS PSSLSASVGDRVTITCRASQWI GPELRWYQOQKPGKAPKLLIYHTSILQSGV

PSRESGSGSGTDFTLTISSLOPEDFATYYCQOQYMFOPMTFGOGTKVEIKR

    =
    
  

     
       

     
       

             
  
  

SEQ ID NO:118

DIVMTOSPSSLSASVGDRVTLTCTASOSVSNDVVWYQORPGKAPKLLIYSAFNRYTGVPSRE

SGRGYGTDFTLTISSLOPEDVAVYYCOQDYNS PRT FGOQGTKLEVKRGGGGSGGGGSGGGGSS

GGGSQVOLVOS GAEVKK PGASVRVSCTAS GY TFTHYGMNWVROQAPGKGLEWMGWINTYTGEP

TYADKFKDRETFSLETSASTVYMELTSLTSDDTAVYYCARERGDAMDYWGOGTLVTVSSAST

KGPSDGGGIRRSMSGTWYLKAMTVDREFPEMNLESVTPMTLTLLKGHNLEAKVTMLISGRCQ

EVKAVLGRTKERKKY TADGGRKHVAYIIPSAVRDHVIFYSEGQLHGKPVRGVKLVGRDPKNNL

HALEDFEKAAGARGLSTESILIPROSETCSPG

  

   
  

      
        
   

                
   
       i    
  

SEQ ID NO:119

DIOMTOSPSSLSASVGDRVTITCRASOSI DS YLHWYQOKPGKAPKLLIYSASELQOSGVPSRE

SGSGSGTDETLTISSLOPEDFATYYCQQVVWRPFTFGOQGTKVEITKRTVAAPSDIQMTQS PSS

LSASVGDRVTITCRASOWI GPELRWYQOQOKPGKAPKLLIYHTSILOSGVPSRESGSGSGTDFT

LTISSLOPEDFATYYCOOYMFOPMTFGOGTKVEIKR

 
              
  
         

  
         

=
 

  

SEQ ID NO:120

DIQMTQSPSSLSASVGDRVTITCRASQSIDS YLHWYQQKPGKAPKLLIYSASELQSGVPSRF     
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=

  
  

SGSGSGTDETLITISSLOPEDFATYYCOOVVWRPETEGOGTKVEIKRTVAAPSDGGGIRRSMS

GIWYLKAMTVDREFPEMNLESVT PMTLTLLKGHNLEAKVTMLISGRCOQEVKAVLGRTIKERKK

YTADGGKHVAYIIPSAVRDHVIFYSEGQLHGKPVRGVKLVGRDPKNNLEALEDFEKAAGARG

LSTESILIPRQSETCSPG

      
 
     
                   
   

     
 

SEQ ID NO:121

VSDVPRDLEVVAATPTSLLISWDTHNAYNGYYRITYGETGGNS PVREFTIVPHPEVTATISGL

KPGVDDTITVYAVTINHHMPLRIFGPISINHRTTVAAPSEVOLLVSGGGLVQPGGSLRLSCAA

SGETE KAY PMMWVROAPGKGLEWVSEITSPSGSYTY YADSVKGRETISRDNSKNTLYLOMNSL

RAEDTAVYYCAKDPRKLDYWGOQGTLVTVSS

  
     
  

       
  

            
     

SEQ ID NO:122

VSDVPRDLEVVAATPTSLLUISWDTHNAYNGYYRITYGETGGNS PVREFTVPHPEVTATISGL

KPGVDDTITVYAVTINHHMPLRIFGPISINHRTTVAAPSDIOMTQSPSSLSASVGDRVTITCR

ASQWIGPELRWYOQOKPGKAPKLLIYHTSILOSGVPSRESGSGSGTDFTLTISSLOPEDFATY

YCQOOYMFOQPMTFGOGTKVEIKR

  
    

          
 
              
   

     
 

SEQ ID NO:123

VSDVPRDLEVVAATPTSLLISWDTHNAYNGYYRITYGETGGNS PVREFTVPHPEVTATISGL

KPGVDDTITVYAVTNHHMPLRIFGPISINHRTITVAAPSDGGGIRRSMSGTWYLKAMTVDREF

PEMNLESVT PMTLTLUKGHNLEAKVIMLI SGRCQEVKAVLGRTKERKKY TADGGKHVAYIIP

SAVRDHVIFYSEGQLHGKPVRGVRKLVGRDPKNNLEALEDFEKAAGARGLSTESTILIPROSET

CSPG

  
      
  

        
 

          
      
                   
 

SEQ ID NO:124

EVOLVESGGGLVQOPGGS LRLSCAASGYTFETNYGMNWVROQAPGKGLEWVGWINTYTGEPTYAA

DFKRRETESLDTSKSTAYLOMNS LRAB DTAVYYCAKY PHYYGSSHWY FDVWGOGTLVTVSSA

STKGPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVIVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL

FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVS

VLTVLHQDWLNGKEYKCKVSNKALPAPIERTISKAKGOPRE POVYTLPPSREEMTRKNQVSLT

CLVKGFY PSDIAVEWESNGOPENNYRTTPPVLDSDGSFELYSKLTVDKSRWOQQGNVESCSVM

HEALHNHYTOKSLSLSPGKTVAAPSDIVMTOSPSSLSASVGDRVTLTCTASOSVSNDVVWYQ

QRPGKAPKLLIYSAFNRYTGVPSRFSGRGYGTDETLTISSLOPEDVAVYYCQQDYNS PRTFG

QGTKLEVKRGGGGSGGGGS GGGGSS GGGS OVOLVOSGAEVKKPGASVRVSCTASGYTFTHYG

MNWVROAPGKGLEWMGWINTYTGEPTYADKFKDRETFSLETSASTVYMELTSLTSDDTAVYY

CARERGDAMDYWGOGTLVTVSS

  
  
  

           7] Hy
 

           Gl
      Gl    

 
           Tr

   
  
  
 
         
    

  

SEQ ID NO:125

DIQMTOSPSSLSASVGDRVTITCSASODISNYLNWYQQKPGRAPRVLIYETSSLHSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOYSTVPWT FGOGTKVEIKRTIVAAPSVFIFPPSDEQ

LKSGTASVVCLLNNEFY PREAKVOWKVDNALOSGNS QOESVTEQDSKDSTYSLSSTLTLSKADY

ERKHRKVYACEVTHOGLSS PVTKSFNRGECTVAAPSDIVMTQS PSSLSASVGDRVTLTCTASQS

VSNDVVWYQORPGKAPKLIITYSAFNRYTGVPSRESGRGYGTDFTLTISSLOPEDVAVYYCQOQ

       =
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 DYNSPRTFGOQGTKLEVKRGGGGS GGGGSGGGGS SGGGSQOVOLVOSGAEVKKPGASVKVSCTA

SGYTFTHYGMNWVROAPGKGLEWMGWINTYTGEPTYADKFKDRFETFSLETSASTVYMELTSL

TSDDTAVYYCARERGDAMDYWGOGTLVTVSS

   
      

       

SEQ ID NO:126

EVOLVESGGGLVQPGGS LRLSCAASGY TF TNYGMNWVROQAPGKGLEWVGWINTYTGEPTYAA

DFKRRFTFSLDTSKSTAYLOMNS LRAEDTAVYYCAKY PHYYGSSHWY FDVWGOGTLVTVSSA

STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVTVPSS SLGTOQTYICNVNHKPSNTKVDRKVEPKSCDKTHTCPPCPAPELLGGPSVFL

FPPKPKDTI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNSTYRVVS

VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPRE POVYTLPPSREEMTKNQOVSLT

CLVKGFY PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM

HEALHNHYTOKSLSLSPGKTVAAPSDI OMTOSPSSLSASVGDRVTITCRASQOSIDSYLHWYQ

QKPGKAPRLLI YSASELOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQVVWRPFTFG

QGTKVEIKR

  
    
       

          
= 

               
=

   
         

   
    

           = T
   
       

 

SEQ ID NO:127

DIOMTOS PSSLSASVGDRVTITCSASODISNYLNWYQOKPGKAPKVLIYETSSLHSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOY STVPWT FGOGTKVETKRIVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNFY PREAKVQWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADY

ERKHRKVYACEVTHOGLSS PVIKSFNRGECTVAAPSDIQMTQS PSSLSASVGDRVTITCRASOS

IDSYLHWYOQQK PGRAPKLILIYSASELOSGVPSRFESGSGSGTDETLTISSLOPEDFATYYCQQ

VVWRPFTFGOGTKVEIKR

       
=    

  
       
 

                    
 

SEQ ID NO:128

EVOLVESGGGLVOPGGS LRLSCAASGYTETNYGMNWVROAPGKGLEWVGWINTYTGEPTYAA

DFKRRETESLDTSKSTAYLOMNS LRAB DTAVYYCAKY PHYYGSSHWY FDVWGOGTLVTVSSA

STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLY

SLSSVVIVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL

FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVS

VLTVLHQDWLNGKEYKCKVSNKALPAPIERTISKAKGOPRE POVYTLPPSREEMTRKNQVSLT

CLVKGFY PSDIAVEWESNGOPENNYRTTPPVLDSDGSFELYSKLTVDKSRWOOGNVESCSVM

HEALHNHYTOKSLSLSPGKTVAAPSVSDVPRDLEVVAAT PTSLLISWDTHNAYNGYYRITYG

ETGGNSPVREFTVPHPEVTATISGLKPGVDDTITVYAVTNHHMPLRIFGPISINHRT

  
   
  

         

   
       Gl
      Gl           

 
         
 
             
  

SEQ ID NO:129

DIOMTOSPSSLSASVGDRVTITCSASODI SNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOYSTVPWT FGOGTKVEIKRIVAAPSVFIFPPS DEQ

LKSGTASVVCLLNNE'Y PREAKVOWRKVDNALOSGNS QESVTEQDSKDSTYSLSSTLTLSKADY

KHKVYACEVTHOGLSS PVTKSFNRGECTVAAPSVSDVPRDLEVVAATPTSLLISWDTHNAY

NGYYRITYGETGGNS PVREFTVPHPEVTATISGLKPGVDDTITVYAVTNHHMPLRIFGPIS

NHRT

   
   

    
=

 
  

            tI                   
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SEQ ID NO:130

SDTGRPFVEMY SEIPEIIHMTEGRELVIPCRVTISPNITVTLKKFPLDTLIPDGKRIIWDSRK

GE SNATYKEIGLLTCEATVNGHLYKTNYLTHROTNT DVVLS PSHGIELSVGEKLVLNC

TARTELNVGIDENWEYPSSKHOQHKRKLVNRDLRTOSGSEMKKFLSTLTIDGVTRSDOGLYTCA

ASSGLMTRKEKNS TEVRVHEKDRTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV

VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNS TYRVVSVLTVLHQDWLNGKEYKCKVSN

KALPAPIEKTISKAKGOPREPOVYTLPPSRDELTRKNOVSLTCLVKGFYPSDIAVEWESNGOP

NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFESCSVMHEALHNHYTORKSLSLS PGRTV

AAPSDIVMTOS PSSLSASVGDRVTLTCTASOSVSNDVVWYOQOQRPGKAPKLLIYSAFPNRYTGV

PSRFSGRGYGTDFTLTISSLOPEDVAVY Y¥ CQQDYNS PRT FGQGTKLEVKRGGGGSGGGGSGG

GGSSGGGSQVOLVOSGAEVEKKPGASVERVSCTAS GY TFTHYGMNWVROAPGKGLEWMGWINTY

TGEPTYADKFRKDRETFSLETSASTVYMELTSLTSDDTAVYY CARERGDAMDYWGOGTLVTVS

S

  
           
   

        
      
    

   
        

  
        
   
            
      tI   

         
 

 
     
  

 
  
 

 

           
 

SEQ ID NO:131

SDTGRPFVEMY SEIPEITIHMTEGRELVIPCRVTSPNITVTLRKRKFPLDTLIPDGKRIIWDSRK

GE SNATYKEIGLLTCEATVNGHLYRTNYLTHROQTNT DVVLSPSHGIELSVGEKLVLNC

TARTELNVGIDENWEY PSSKHOHKKLVNRDLKTOSGSEMKKFLSTLTIDGVTRSDOGLYTCA

ASSGLMTKKNS TEVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV

VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEOYNSTYRVVSVLTVLHODWLNGKEYKCKVSN

KALPAPTIERTISKAKGQPREPOVYTLPPSRDELTKNOVS LTCLVKGFYPSDIAVEWESNGQP

NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHY TORS LSLS PGRTV

AAPSDIQMTOS PSSLSASVGDRVTITCRASQS1 DS YLHWYQQKPGKAPKLLIYSASELOSGV

PSRESGSGSGTDFTLTISSLOPEDFATYY CQOQVVWRPFTFEFGQGTRKVEIKR

  
           
   

        
     
    
      
  
       

  
          
   
           tl
      tI    

         
 

       
  

SEQ ID NO:132

SDTGRPEVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLKKEPLDTLIPDGKRIIWDSRK

GE SNATYKEIGLLTCEATVNGHLYKTNYLTHROTNT DVVLS PSHGIELSVGEKLVLNC

TARTELNVGIDENWEYPSSKHOQHKKLVNRDLKATOSGSEMKKFLSTLTIDGVTRSDOGLYTCA

ASSGLMTRKKNS TEVRVHEKDKTHTCPPCPAPELLGGPSVFLFEFPPKPKDTLMISRTPEVTCVV

VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWLNGKEYKCKVSN

KALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNOVSLTCLVKGFYPSDIAVEWESNGOP

NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFESCSVMHEALHNHY TORS LSLS PGRTV

AAPSVSDVPRDLEVVAATPTSLLISWDTHNAYNGYYRITYGETGGNS PVREFTVPHPEVTAT

ISGLKPGVDDTITVYAVTNHHMPLRIFGPISINHRT

  
          
   

         
    
        

 
              

 
   
            

   
       4   

 
   

            
             
 

SEQ ID NO:133

EVOQLLVSGGGLVOPGGS LRLSCAASGET FRAY PMMWVROAPGKGLEWVSEISPSGSYTYYAD

SVRGRFETISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSSASTRKGPSD

IVMTQSPSSLSASVGDRVTLTCTASQSVSNDVVWY QOQRPGKAPKLLIYSAFNRYTGVPSRES

GRGYGTDETLTISSLOPEDVAVY YCOODYNS PRT FGOQGTKLEVKRGGGGSGGGGSGGGGSSG

GGSQOVOLVOSGAEVRKPGASVRVSCTASGYTETHY GMNWVROAPGKGLEWMGWINTYTGEPT

YADKFRKDRETESLETSASTVYMELTSLTS DDTAVY YCARERGDAMDYWGOGTLVTVSS

 
  

      
=
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SEQ ID NO:134

EVOQLLVSGGGLVOPGGS LRLSCAASGFTFRKAY PMMWVROAPGKGLEWVSEISPSGSYTYYAD

SVKGRFEFTISRDNSKNTLYLOMNS LRAEDTAVYYCAKDPRKLDYWGOGTLVTVSSASTKGSPV

SDVPRDLEVVAATPTSLLIISWDTHNAYNGYYRITYGETGGNSPVREFTVPHPEVTATISGLEK

PGVDDTITVYAVTNHHMPLRIFGPISINHRT

 
    
  

   
 
               

    
 

SEQ ID NO:135

DIOMTOSPSSLSASVGDRVTITCRASOQWI GPELRWYOOKPGKAPRLLIYHTSILOSGVPSRE

SGSGSGTDETLITISSLOPEDFATYYCOOYMFOPMT FGOGTKVETRRTVAAPSDIVMTQS PSS

LSASVGDRVTLTCTASOSVSNDVVWYQORPGKAPKLIIYSAFNRYTGVPSREFSGRGYGTDFT

LTISSLOPEDVAVYY COQQODYNS PRT FGOGTKLEVKRGGGGS GGGGSGGGGS SGGGSQOVOLVO

SGAEVKKPGASVRVSCTASGYTFTHYGMNWVROQAPGKGLEWMGWINTYTGEPTYADKFKDRE

TESLETSASTVYMELTSLTSDDTAVYYCARERGDAMDYWGQGTLVTVSS

 
      
  

        
       

 
      
 

    
   
 

        

SEQ ID NO:136

DIOMTOS PSSLSASVGDRVTITCRASQOWI GPELRWYOOKPGKAPKLLIYHTSILOSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOYMFOQPMT FGOGTKVEIKRTVAAPSDIOMTOS PSS

LSASVGDRVTITCRASOSIDSYLHWYQOK PGKAPKLIIYSASELOSGVPSRESGSGSGTDFT

LTISSLOPEDFATYYCQOQVVWRPFTFGOGTKVEIKR

 
      
  

    T,
    
           
 

        
  

SEQ ID NO:137

DIOMTOSPSSLSASVGDRVTITCRASOWI GPELRWYQOKPGKAPKLLIYHTSILOSGVPSRE

SGSGSGTDFTLTISSLOPEDFATYYCOOYMFQPMT FGOGTKVEIKRTVAAPSVSDVPRDLEV

VAATPTSLLISWDTHNAYNGYYRITYGETGGNS PVREFTVPHPEVTATISGLKPGVDDTITV

YAVTNHHMPLRIFGPISINHRT

  
     
 

  
=         

  
             
  

       
 

SEQ ID NO:138

DGGGIRRSMSGTWYLKAMTVDRE FPEMNLESVTPMTLTLLKGHNLEAKVTMLISGRCQEVKA

VLGRTKERKKY TADGGKHVAYIIPSAVRDHVIFYSEGQUHGKPVRGVKLVGRDPKNNLEALE

DFEKAAGARGLSTESTILIPROSETCSPGTVAAPSDIVMTQOS PSSLSASVGDRVTLTCTASOS

VSNDVVWYQORPGRAPKLLIYSAFNRYTGVPSRFSGRGYGTDFTLTISSLOPEDVAVYY CQO

DYNS PRT FGOGTKLEVKRGGGGS GGGGSGGGGS SGGGSOVOLVOSGAEVKRKPGASVRVSCTA

SGYTETHYGMNWVROAPGKGLEWMGWINTYTGEPTYADKFKDRFETFSLETSASTVYMELTSL

TSDDTAVYYCARERGDAMDYWGOGTLVTVSS

 
    
   

             
   

      
      

      
     

      T,
 

SEQ ID NO:139

DGGGIRRSMSGTWYLKAMTVDREFPEMNLESVTPMTLTLLKGHNLEAKVTMLISGRCOQEVKA

VLGRTKERKKY TADGGKHVAYIIPSAVRDHVIFYSEGQULHGKPVRGVKLVGRDPKNNLEALE

DFEKAAGARGLSTESTILIPROSETCSPGTVAAPSDIOMTOS PSSLSASVGDRVTITCRASOS

IDSYLHWYQQKPGKAPKLLIYSASELOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQ

VVWRPETEFGOGTKVEIKR

   
     
   

        
     

             
 
        

  
    
 

SEQ ID NO:140

DGGGIRRSMSGTWYLKAMTVDREFPEMNLESVT PMT LTLLKGHNLEAKVTMLI SGRCQEVKA

VLGRTKERKKY TADGGKHVAYIIPSAVRDHVIFYSEGQLHGKPVRGVKLVGRD PKNNLEALE
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DFEKAAGARGLISTES ILIPROSETCS PGTVAAPSVSDVPRDLEVVAATPTSLLISWDTHNAY

NGYYRITYGETGGNS PVREFTVPHPEVTATISGLKPGVDDTITVYAVTNHHMPLRIFGPIS

NHRT

is      
 

      
        
     

SEQ ID NO:141

GAGGT GCAGCT GGTGGAGTCT GGCGGCGGACT GGT GCAGCC CGGCAGAAGCCT GAGACTGAG

CTGTGCCGCCAGCGGCT TCACCT TCGACGACTACGCCATGCACTGGGTGAGGCAGGCCCCTG

GCAAGGGCCTGGAGT GGGTGTCCGCCATCACCT GGAATAGC GGCCACATCGACTACGCCGAC

AGCGT GGAGGGCAGATT CACCAT CAGC CGGGACAACGCCAAGAACAGCCTGTACCTGCAGAT

GAACAGCCT GAGAGCCGAGGACACCGCCGTGTACTACTGTGCCAAGGTGTCCTACCTGAGCA

CCGCCAGCAGCCTGGAC TACT GGGGCCAGGGCACCCTGGTGACAGTCTCGAGCGCTAGCACC

AAGGGCCCCAGCGTGTTCCCCCT GGCCCC CAGCAGCAAGAGCACCAGCGGCGGCACAGC CGC

CCT GGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCTGTGACCGTGT CCTGGAATAGCGGAG

CCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCT GCAGAGCAGCGGCCTGTACTCCCTG

AGCAGCGTGGT GACCGT GC CCAGCAGCAGCC TGGGCACCCAGACCTACATCTGCAACGTGAA

CCACAAGCCCAGCAACACCAAAG TGGACAAGAAAGTGGAGC CCAAGAGCTGCGATAAGACCC

ACACCTGCCCCCOCCTGCCCTGCCCCCGAGCTGGCC GGCGCCCCTAGCGTGTTCCTGTTCCCC

CCCAAGCCTAAGGACACCCTGAT GATCAGCAGGACCCCCGAAGTGACCTGCGTGGTGGTGGA

TGTGAGCCACGAGGACCCTGAAGTGAAGT TCAACT GGTACGTGGACGGCGTGGAAGTGCACA

ACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACCGCGTGGTGTCTGTGCTG

ACCGTGCTGCACCAGGATTGGCT GAACGGCAAGGAGTACAAGT GCAAAGTGAGCAACAAGGC

CCT GCCTGCCCCTAT CGAGAAAACCAT CAGCAAGGCCAAGGGCCAGCCTAGAGAGCCCCAGG

TCTACACCCTGCCTCCCTCCAGAGATGAGCT GACCAAGAAC CAGGTGTCCCTGACCTGTCTG

GTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGT GGGAGAGCAACGGCCAGCCCGAGAA

CAACTACAAGACCACCCCCCCTGTGCT GGACAGCGATGGCAGCTTCTTCCTGTACTCCAAGC

TGACCGTGGACAAGAGCAGAT GGCAGCAGGGCAAC GT GT TCAGCT GCAGCGTGATGCACGAG

GCCCT GCACAATCACTACACCCAGAAGAGTCTGAGCCTGTCCCCT GGCAAGGGATCCACCGT

GGCCGCT CCCAGCGGAT CAGAGGTGCAGCTGCT GGTGTCTGGCGGCGGACTGGTGCAGCCTG

GCGGCAGCCTGAGACTGAGCTGCGCCGCCAGCGGCTTCACCTTCAAGGCCTACCCCATGATG

TGGGT GCGGCAGGCCCCTGGCAAGGGCCT GGAATGGGTGTCCGAGAT CAGCCCCAGCGGCAG

CTACACCTACTACGCCGACAGCGTGAAGGGCCGGT TCACCATCAGCC GGGACAACAGCAAGA

ACACCCTGTACCTGCAGATGAACAGCCTGCGGGCC GAGGACACCGCCGTGTACTACTGCGCC

AAGGACCCCCGGAAGCTGGACTACTGGGGCCAGGGCACCCT GGTGACCGTGAGCAGC

 

   

SEQ ID NO:142

GAGGT GCAGCT GGTGGAGT CT GGCGGCGGACTGGT GCAGCC CGGCAGAAGCCTGAGACT GAG

CT GTGCCGCCAGCGGCT TCACCT TCGACGACTACGCCATGCACTGGGTGAGGCAGGCCCCTG

GCAAGGGCCTGGAGTGGGTGTCCGCCATCACCTGGAATAGCGGCCACATCGACTACGCCGAC

AGCGT GGAGGGCAGATT CACCAT CAGCCGGGACAACGCCAAGAACAGCCTGTACCTGCAGAT

GAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTGTGCCAAGGTGTCCTACCTGAGCA

CCGCCAGCAGC CT GGAC TACT GGGGCCAGGGCACCCTGGTGACAGTCTCGAGCGCTAGCACC

AAGGGCCCCAGCGTGTTCCCCCT GGCCCC CAGCAGCAAGAG CACCAGCGGCGGCACAGCCGC

CCT GGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCTGTGACCGTGT CC TGGAATAGCGGAG

CCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCT GCAGAGCAGCGGCCTGTACTCCCTG 
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AGCAGCGTGGTGACCGT GCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGT GAA

CCACAAGCCCAGCAACACCAAAGTGGACAAGAAAGTGGAGC CCAAGAGC TGCGATAAGACCC

ACACCTGCCCCCCCTGCCCTGCCCCCGAGCT GGCCGGCGCCCCTAGCGTGTTCCTGTTCCCC

CCCAAGCCTAAGGACACCCTGATGATCAGCAGGACCCCCGAAGTGACCT GCGTGGTGGT GGA

TGTGAGCCACGAGGACCCTGAAGTGAAGT TCAACT GGTACGTGGACGGCGTGGAAGTGCACA

ACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACCGCGTGGTGTCTGTGCTG

ACCGTGCTGCACCAGGATTGGCT GAAC GGCAAGGAGTACAAGT GCAAAGTGAGCAACAAGGC

CCT GCCTGCCCCTAT CGAGAAAA CCAT CAGCAAGGCCAAGGGC CAGC CTAGAGAGCCCCAGG

TCTACACCCTGCCTCCCTCCAGAGATGAGCTGACCAAGAAC CAGGTGTCCCTGACCTGTCTG

GTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGT GGGAGAGCAACGGCCAGCCCGAGAA

CAACTACAAGACCACCCCCCCTGTGCT GGACAGCGATGGCAGCTTCT TCCTGTACTCCAAGC

TGACCGT GGACAAGAGCAGAT GGCAGCAGGGCAACGTGTTCAGCT GCAGCGTGATGCACGAG

GCCCT GCACAATCACTACACCCAGAAGAGTCTGAGCCTGTCCCCT GGCAAGGGATCCACAGT

GGCTGCACCTTCCGGGT CAACCGTCGCCGCCCCCAGCGGAAGCGAGGTGCAGCTGCTGGTGT

CTGGCGGCGGACTGGTGCAGCCT GGCGGCAGCCTGAGACTGAGCT GC GCCGCCAGCGGCTTC

ACCTTCAAGGCCTACCCCATGAT GTGGGT GCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGT

GTCCGAGAT CAGCCCCAGCGGCAGCTACACCTACTACGCCGACAGCGTGAAGGGCCGGT TCA

CCATCAGCCGGGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAG

GACACCGCCGTGTACTACT GCGC CAAGGACCCCCGGAAGCT GGAC TACT GGGGCCAGGGCAC

CCT GGTGACCGTGAGCAGC

  

SEQ ID NO:143

GAGGT GCAGCT GGTGGAGTCT GGCGGCGGACT GGT GCAGCC CGGCAGAAGCCT GAGACTGAG

CTGTGCCGCCAGCGGCT TCACCT TCGACGACTACGCCATGCACTGGGTGAGGCAGGCCCCTG

GCAAGGGCCTGGAGT GGGTGTCCGCCATCACCT GGAATAGC GGCCACATCGACTACGCCGAC

AGCGT GGAGGGCAGATT CACCAT CAGC CGGGACAACGCCAAGAACAGCCTGTACCTGCAGAT

GAACAGCCT GAGAGCCGAGGACACCGCCGTGTACTACTGTGCCAAGGTGTCCTACCTGAGCA

CCGCCAGCAGCCTGGAC TACT GGGGCCAGGGCACCCT GGTGACAGTCTCGAGCGCTAGCACC

AAGGGCCCCAGCGTGTTCCCCCT GGCCCC CAGCAGCAAGAGCACCAGCGGCGGCACAGC CGC

CCT GGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCTGTGACCGTGTCCTGGAATAGCGGAG

CCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCT GCAGAGCAGCGGCCTGTACTCCCTG

AGCAGCGTGGT GACCGT GC CCAGCAGCAGCC TGGGCACCCAGACCTACATCTGCAACGTGAA

CCACAAGCCCAGCAACACCAAAG TGGACAAGAAAG TGGAGC CCAAGAGCTGCGATAAGACCC

ACACCTGCCCCCCCTGCCCTGCCCCCGAGCTGGCC GGCGCCCCTAGCGTGTTCCTGTTCCCC

CCCAAGCCTAAGGACACCCTGAT GATCAGCAGGACCCCCGAAGTGACCTGCGTGGTGGTGGA

TGTGAGCCACGAGGACCCTGAAGTGAAGT TCAACT GGTACGTGGACGGCGTGGAAGTGCACA

ACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACCGCGTGGTGTCTGTGCTG

ACCGTGCTGCACCAGGATTGGCT GAACGGCAAGGAGTACAAGT GCAAAGTGAGCAACAAGGC

CCT GCCTGCCCCTAT CGAGAAAACCAT CAGCAAGGCCAAGGGC CAGC CTAGAGAGCCCCAGG

TCTACACCCTGCCTCCCTCCAGAGATGAGCT GACCAAGAAC CAGGTGTCCCTGACCTGTCTG

GTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGT GGGAGAGCAACGGCCAGCCCGAGAA

CAACTACAAGACCACCCCCCCTGTGCT GGACAGCGATGGCAGCTTCTTCCTGTACTCCAAGC

TGACCGTGGACAAGAGCAGAT GGCAGCAGGGCAACGTGTTCAGCT GCAGCGTGATGCACGAG
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GCCCT GCACAATCACTACACCCAGAAGAGTCTGAGCCTGTCCCCTGGCAAGGGATCCACCGT

CGCCGCACCAAGCGGGT CAACAGTGGCCGCTCCCT CCGGCAGCACTGTGGCTGCCCCCAGCG

GAAGCGAGGTGCAGCTGCTGGTGTCTGGCGGCGGACTGGTGCAGCCT GGCGGCAGCCTGAGA

CTGAGCTGCGCCGCCAGCGGCTTCACCTT CAAGGCCTACCCCATGAT GT GGGT GCGGCAGGC

CCCTGGCAAGGGCCT GGAATGGGTGTCCGAGAT CAGCCCCAGCGGCAGCTACACCTACTACG

CCGACAGCGTGAAGGGC CGGTTCACCATCAGCCGGGACAACAGCAAGAACACCCTGTACCTG

CAGAT GAACAGCCTGCGGGCCGAGGACAC CGCCGTGTACTACT GC GC CAAGGACCCCCGGAA

GCTGGACTACT GGGGCCAGGGCACCCTGGTGACCGTGAGCAGC

SEQ ID NO:144

GAGGT GCAGCT GGTGGAGT CT GGCGGCGGAC TGGT GCAGCC CGGCAGAAGCCTGAGACT GAG

CT GTGCCGCCAGCGGCT TCACCT TCGACGACTACGCCATGCACTGGGTGAGGCAGGCCCCTG

GCAAGGGCCTGGAGTGGGTGTCCGCCATCACCTGGAATAGCGGCCACATCGACTACGCCGAC

AGCGT GGAGGGCAGATT CACCAT CAGC CGGGACAACGCCAAGAACAGCCTGTACCTGCAGAT

GAACAGCCT GAGAGCCGAGGACACCGCCGTGTACTACTGTGCCAAGGTGTCCTACCTGAGCA

CCGCCAGCAGCCTGGAC TACT GGGGCCAGGGCACCCTGGTGACAGTCTCGAGCGCTAGCACC

AAGGGCCCCAGCGTGTTCCCCCT GGCCCC CAGCAG CAAGAG CACCAGCGGCGGCACAGCCGC

CCT GGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCTGTGACCGTGTCCTGGAATAGCGGAG

CCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCT GCAGAGCAGCGGCCTGTACTCCCTG

AGCAGCGTGGT GACCGT GCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAA

CCACAAGCCCAGCAACACCAAAGTGGACAAGAAAG TGGAGC CCAAGAGCTGCGATAAGACCC

ACACCTGCCCCCCCTGCCCTGCCCCCGAGCT GGCCGGCGCCCCTAGCGTGTTCCTGTTCCCC

CCCAAGCCTAAGGACAC CCTGAT GATCAGCAGGAC CC CCGAAGTGACCTGCGTGGTGGTGGA

TGTGAGCCACGAGGACCCTGAAGTGAAGT TCAACT GGTACGTGGACGGCGT GGAAGTGCACA

ACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACCGCGTGGTGTCTGTGCTG

ACCGTGCTGCACCAGGATTGGCT GAAC GGCAAGGAGTACAAGT GCAAAGTGAGCAACAAGGC

CCT GCCTGCCCCTAT CGAGAAAACCAT CAGCAAGGCCAAGGGCCAGCCTAGAGAGCCCCAGG

TCTACACCCTGCCTCCCTCCAGAGATGAGCTGACCAAGAAC CAGGTGTCCCTGACCTGTCTG

GTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGT GGGAGAGCAACGGCCAGCCCGAGAA

CAACTACAAGACCACCCCCCCTGTGCT GGACAGCGATGGCAGCTT CT TCCTGTACTCCAAGC

TGACCGTGGACAAGAGCAGAT GGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAG

GCCCT GCACAATCACTACACCCAGAAGAGTCTGAGCCTGTCCCCT GGCAAGGGATCCACCGT

CGCCGCACCAAGCGGAT CTACCGTCGCAGCCCCTT CC GGGT CAACAGTGGCCGCTCCCT CCG

GCAGCACTGTGGCTGCCCCCAGC GGAAGC GAGGTGCAGCTGCTGGTGTCTGGCGGCGGACTG

GTGCAGCCTGGCGGCAGCCTGAGACTGAGCTGCGC CGCCAGCGGCTTCACCTTCAAGGCCTA

CCCCATGAT GT GGGT GC GGCAGGCCCCTGGCAAGGGCCT GGAATGGGTGTCCGAGATCAGCCE

CCAGCGGCAGC TACACCTACTAC GCCGACAGCGTGAAGGGCCGGT TCACCATCAGCCGGGAC

AACAGCAAGAACACCCTGTACCT GCAGAT GAACAGCCTGCGGGCCGAGGACACCGCCGTGTA

CTACT GCGCCAAGGACC CCCGGAAGCT GGACTACT GGGGCCAGGGCACCCTGGTGACCGTGA

GCAGC

SEQ ID NO:145
PASGS
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SEQ ID NO:146
PAS PASGS

SEQ ID NO:147
PAS PAS PASGS

SEQ ID NO:148
GGGGSGGGGS

SEQ ID NO:149
GGGGSGGGGSGGGGS

SEQ ID NO:150
TVAAPSTVAAPSGS

SEQ ID NO:151
TVAAPSTVAAPSTVAAPSGS

SEQ ID NO:152
GSTVAAPSGSTVAAPSGSTVAAPSGSTVAAPSGSTVAAPSGS

SEQ ID NO:153
GSTVAAPSGSTVAAPSGSTVAAPSGSTVAAPSGSTVAAPSGSTVAAPSGS

SEQ ID NO:154
PAVPPPGS

SEQ ID NO:155
PAVPPPPAVPPPGS

SEQ ID NO:156
PAVPPPPAVPPPPAVPPPGS

SEQ ID NO:157
TVSDVPGS

SEQ ID NO:158
TVSDVPTVSDVPGS

SEQ ID NO:159
TVSDVPTVSDVPTVSDVPGS

 
SEQ ID NO:160
TGLDSPGS

SEQ ID NO:161
TGLDSPTGLDSPGS

SEQ ID NO:162
TGLDS PTGLDS PTGLDS PGS

  
SEQ ID NO:163

PCT/EP2010/057246

  
QVOLVOSGAEVKKPGASVKVSCKASGYTETDYYMNWVROAPGOGLEWMGN  NPNNGG!

 

 
[NYNQ KEKDRVIMTTDTSTSTAYMELRS LRSDDTAVYYCARWILYYGRSKWY FDVWGRGTLV1    
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SEQ ID NO:164

  

VPD

PSD

SKA

RFSGSGSGT
    DY

SEQ ID NO:165
MHVAQPAVVLASS

DSICTGTSSGNQOVNLTIOGL
EPKSSDKTHTSPPS PAPI

   
Q
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Claims

1. A composition comprising a TNFa antagonist and a VEGF antagonist for use

in preventing or treating a disease of the eye.

2. The composition of claim 1, wherein the TNFa antagonist and the VEGF

antagonist are antigen binding proteins.

3. The composition of claim 1 or claim 2, wherein the TNFa antagonist and the

VEGF antagonist are presentin the form of a dual targeting protein.

4. The composition of claim 3, wherein the dual targeting protein comprisesat

least one paired VH/VL domain which binds TNFa or a TNFa receptor, and at least

one paired VH/VL domain which binds VEGF or a VEGF receptor.

5. The composition of claim 4, wherein the dual targeting molecule is a DVD-lg.

6. The composition of claim 3 or 4, wherein the dual targeting protein is a

bispecific antibody.

7. The composition of claim 3, wherein the dual targeting protein is a dAb-dAb

in-line fusion.

8. The composition of claim 3, wherein the dual targeting protein is a receptor-

Fc fusion whichis linked to one or more epitope binding domains.

9. The composition of claim 2, wherein the TNFa antagonist is an anti-TNFa

antibody.

10. The composition of claim 2, wherein the VEGF antagonist is an anti-VEGF

antibody.

11. The composition of claim 3, wherein the TNFa antagonist portion of the dual

targeting protein is an anti-TNF antibody and wherein the VEGF antagonist portion of

the dual targeting protein is an anti-VEGF epitope binding domain.
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12. The composition of claim 3, wherein the VEGF antagonist portion of the dual

targeting protein is an anti-VEGF antibody and the TNFa antagonist portion of the

dual targeting protein is an anti-TNF epitope binding domain.

13. The composition of claim 8, 11 or 12, wherein the epitope binding domainis a

dAb.

14. The composition of claim 13, wherein the dAb is a human dAb.

15. The composition of claim 8, 11 or 12, wherein the epitope binding domainis

derived from a non-lg scaffold.

16. The composition of claim 15 wherein the epitope binding domain is selected

from CTLA-4 (Evibody); lipocalin; Protein A derived molecules such as Z-domain of

Protein A (Affibody, SpA), A-domain (Avimer/Maxibody); Heat shock proteins such as

GroEl and GroES$; transferrin (trans-body); ankyrin repeat protein (DARPin); peptide

aptamer; C-type lectin domain (Tetranectin); human y-crystallin and human ubiquitin

(affilins); PDZ domains; scorpion toxinkunitz type domains of human protease

inhibitors; and fibronectin (adnectin).

17. The composition according to claim 8 or any one of claims 11 to 16, wherein

the epitope binding domainis directly attached to the antigen binding protein with a

linker consisting of from 1 to 30 amino acids.

18. The composition according to claim 17, wherein the linker is selected from

those set out in SEQ ID NO: 3-8 and 25, or any combination or multiple thereof.

19. The composition according to any one of claims 11 to 18, wherein the epitope

binding domainis linked to the N-terminus of the antigen binding protein heavy chain.

20. The composition according to any one of claims 11 to 18, wherein the epitope

binding domainis linked to the N-terminus of the antigen binding protein light chain.

21. The composition according to any one of claims 11 to 18, wherein the epitope

binding domainis linked to the C-terminus of the antigen binding protein heavy chain.
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22. The composition according to any one of claims 11 to 18, wherein the epitope

binding domainis linked to the C-terminus of the antigen binding protein light chain.

23. A composition according to any one of claims 2 to 7, or 8 to 22, wherein the

antigen binding protein comprises the CDRH1, CDRH2 and CDRHS3 containedin the

heavy chain set out in SEQ ID NO:10 and the CDRL1, CDRL2 and CDRL3 contained

in the light chain set out in SEQ ID NO:12.

24. The composition according to claim 23 which comprises the heavy chain

sequence of SEQ ID NO:14, 15, 47, 69, 70, 71 or 72 andthe light chain sequence of

SEQ ID NO:12.

25. The composition as claimed in any one of claims 3-8 or 11-24, wherein the

composition is to be administered intravitreally every 4-6 weeks.

26. The composition as claimed in any one of claims 1-25, wherein the

composition comprises a further active agent, optionally an anti-inflammatory agent.

27. Use of a composition as defined in any one of claims 1-26 for the

manufacture of a medicamentfor use in preventing or treating a disease of the eye.

28. A TNFa antagonist selected from the group consisting of adalimumab,

infliximab, etanercept, ESBA105, PEP1-5-19, PEP1-5-490, PEP 1-5-493, an adnectin

of SEQ ID NO:2, golimumab, certolizumab, ALK-6931, and an antibody comprising a

heavy chain of SEQ ID NO:30 anda light chain of SEQ ID NO:31, for use in

preventing or treating an eye disease, wherein the TNFa antagonistis to be

administered in combination with a VEGF antagonist selected from the group

consisting of bevacizumab, ranibizumab, r84, aflibercept, CT01, DOM15-10-11,

DOM15-26-593, PRS-050, PRS-051, MP0012, CT-322, ESBA903, EPI-0030, EPI-

0010, and DMS1571.

29. A VEGF antagonist selected from the group consisting of bevacizumab,

ranibizumab, r84, aflibercept, CT01, DOM15-10-11, DOM15-26-593, PRS-050, PRS-

051, MP0012, CT-322, ESBA903, EPI-0030, EPI-0010 and DMS1571, for usein

preventing or treating an eye disease, wherein the VEGF antagonistis to be

administered in combination with a TNFa antagonist selected from the group

consisting of adalimumab, infliximab, etanercept, ESBA105, PEP1-5-19, PEP 1-5-
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490, PEP1-5-493, an adnectin of SEQ ID NO:2, golimumab, certolizumab, ALK-6931,

and an antibody comprising a heavy chain of SEQ ID NO:30 anda light chain of SEQ

ID NO:31

30. A TNFa antagonist as claimed in claim 28 or the VEGF antagonist as claimed

in claim 29, wherein the TNFa antagonist is adalimumab and the VEGF antagonistis

ranibizumab.

31. A pharmaceutical composition comprising a composition as claimed in any

one of claims 1 to 24 and a pharmaceutically acceptable carrier.

32. A pharmaceutical compositions as claimed in claim 31, wherein the

composition comprises a further active agent, optionally an anti-inflammatory agent.

33. A polynucleotide sequence encoding an antigen binding protein as claimed in

any oneof claims 2 to 24.

34. A polynucleotide sequence encoding a heavy chain or light chain of a

composition according to any oneof claims 5,6 or 9 to 24.

35. A polynucleotide sequence as claimed in claim 34, wherein the sequenceis

as set forth in SEQ ID NO: 11, 13, or 46.

36. A recombinanttransformed or transfected host cell comprising one or more

polynucleotide sequencesas claimed in any oneof claims 33-35.

37. A methodfor the production of a composition according to any one of claims

2 to 24 which method comprises the step of culturing a host cell of claim 36 and

isolating the antigen binding protein.

38. A composition as claimed in any oneof claims 1 to 24, whichis for delivery

via the intravitreal route.

39. A composition as claimed in any oneof claims 1 to 24, whichis for delivery

via the periocular route.
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40. A composition according to claim 39 whichis for delivery via trans-scleral,

subconjunctival, sub-tenon, peribulbar, topical, retrobulbar route or which is for

delivery to the inferior, superior or lateral rectus muscle.

41. A composition according to any one of claims 1 to 24 wherein the disease of

the eye is diabetic macula edema, cystoid macula edema, uveitis, AMD (Age related

macular degeneration), choroidal neovascular AMD,diabetic retinopathy, retinal vein

occlusion and other maculopathies and ocular vasculopathies.

42. A method of preventing or treating a patient afflicted with an eye disease

comprising administering a prophylactically or therapeutically effective amount of a

composition or dual targeting protein according to any one of claims 1 to 24

systemically or topically to the eye of the patient.

43. The method of claim 42, wherein said patient is suffering from at least one of

the following diseases or disorders: diabetic macula edema, cystoid macula edema,

uveitis, AMD (Age related macular degeneration), choroidal neovascular AMD,

diabetic retinopathy, retinal vein occlusion and other maculopathies and ocular

vasculopathies.

44. A dual targeting antigen binding molecule comprising a TNFa antagonist

portion, a VEGF antagonist portion and a linker connecting said TNFa antagonist

portion to said VEGF antagonist portion, wherein:

the TNFa antagonist portion comprises an amino acid sequenceof any one of

the TNFa antagonistslisted in table 1;

the VEGF antagonist portion comprises an amino acid sequence of any one

of the VEGF antagonistslisted in table 2;

the linker is an amino acid sequence from 1 — 150 amino acids in length; and

the dual targeting molecule is not DMS4000 or DMS4031.

45. A dual targeting antigen binding molecule comprising a TNFa antagonist

portion, a VEGF antagonist portion and a linker connecting said TNFa antagonist

portion to said VEGF antagonist portion, wherein:

the TNFa antagonist portion comprises an amino acid sequenceof any one of

the TNFa antagonistslisted in table 1;

the VEGF antagonist portion comprises an amino acid sequence of any one

of the VEGF antagonistslisted in table 2;
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the linker is an amino acid sequence from 1 — 150 amino acids in length; and

wherein the dual targeting antigen binding moleculeis for use in preventing or

treating a disease of the eye andis to be administered intravitreally every 4-6 weeks.

46. A dual targeting molecule as claimed in claim 44 or 45, wherein the linkeris

selected from those set out in SEQ ID NO: 3-8, 25, 66-68, and 145-162 or any

combination or multiple thereof.

47. A dual targeting antigen binding molecule as claimed in any oneof claims 44-

46, consisting of an amino acid sequence of SEQ ID NO:62 or SEQ ID NO 64.

48. An antigen binding protein comprising the heavy chain sequence of SEQ ID

NO:69, 70, 71 or 72 and the light chain sequence of SEQ ID NO:12.

49. A pharmaceutical composition comprising an antigen binding protein as

claimed in claim 48 and a further active agent, optionally an anti-inflammatory agent

50. A polynucleotide sequence encoding the antigen binding protein of claim 48.

51. A polynucleotide sequence as claimed in claim 50, wherein the polynucleotide

comprises SEQ ID NO:141, 142, 143 or 144 and SEQ ID NO:11.
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Figure 11
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Figure 12
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Black bars = day 7 results

White bars = day 14 results
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Box No. ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

Asail required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable clairns could be searched withouteffort justifying an additional fees, this Authority did not invite paymentof
additionalfees.

As only someof the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

.[|No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the
paymentof a protestfee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[X|Noprotest accompanied the payrnent of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 . . .

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-43, 45(completely); 46, 47(partially)

A (pharmaceutical) composition comprising a TNF-alpha
antagonist and a VEGF antagonist for use in preventing or
treating a disease of the eye. Polynucleotide sequences.
Recombinant host cell. Method of production. Method of
preventing or treating a patient. afflicted with an eye
disease. Dual targeting antigen binding molecule comprising
a specified TNF-alpha antagonist portion, a specified VEGF
antagonist portion and a linker, for use in preventing or
treating a disease of the eye and is to be administered
intravitreally every 4-6 weeks.

2. claims: 44(completely); 46, 47(partially)

A dual targeting antigen binding molecule comprising a
specified TNF-alpha antagonist portion, a specified
anti-VEGF antagonist portion and a linker, wherein the dual
targeting molecule is not DMS4000 or DMS4031.

3. claims: 48-51

An antigen binding protein comprising the heavy chain

sequence of SEQ ID NO:69, 70, 71 or 72 and the Vight chain
sequence of SEQ ID NO: 12 
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CASE PAT055157-US-NP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Confirm No. 5306

Sigg, Juergen et al.

APPLICATION NO: 13/750,352

FILED: January 25, 2013

FOR: SYRINGE

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir

Prior to the examination of the above-referenced patent application, please enter the

following preliminary amendments.

Amendments to the Claims are reflected in the listing of the claims which begins on

page 2 of this paper.

Remarks/Arguments begin on page 6 of this paper.
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Amendments to the Claims:

This fisting of claims will replace all prior versions, andlistings, of claims in the

application:

Listing of Claims:

1{currently amended) A pre-filed syringe for intravitreal injection. the syringe comprising

@ glass body_forming a barrel, a stopper and a plungerthe-bedycomprising-arn-outietatan

oullet-end-—and—the-stepper_being-arrangedwithinthe_bedy-such_that-afrantsurfaceofthe

stopper-andthe-bedy-define-a_varable_-volume-—chamber-from-which2fluid-can-be-expelled

oughshe-sullelthe-phingercomprisingplingersonlactsuface-at-a frst end-and~a-red

 
inthattne-fluidis-an-and containing an ophthalmic solution which comprises a VEGF-antagonist,

wherein:

(a) the syringe has a nominal maximum fill volume of befween about 0.45mi and about Imi,

(b) the syringe ts filled with a dosage volume of between about 0.03mi and about 0.05ml of said
VEGF antagonist solution,

(c} the syringe barrel comprises less than about 500ug silicone oil, and

(d} the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per mi.

2.original) A pre-filled syringe according to claim 1, wherein the syringe is filled with between

about 0.15mi and about 0.175mi of a VEGF antagonisi solution.

3.(original) A pre-filled syringe according to claim 1, wherein the syringe is filled with about

0.165mi of said VEGF antagonist solution.

4(original)—A pre-filled syringe according to claim 1, wherein the syringeis filled with dosage

volume of about 0.05mi of a VEGF antagonist solution.

5(original) A pre-filled syringe according to claim 1, in which the dosage volume is

determined by the volume of the variable volume chamber when a predetermined part of the

stopperis aligned with a priming mark on the syringe.

6.(currently arnended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of silicone oil that has an average thickness of about 450nm orless,

 
oriess,-preferably-100am-or less,preferably60nm-or-lose-preferably20nm-oriess

-2-
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7 {currently amended) A pre-filled syringe according fo claim 1, wherein the syringe barre}

has an internal coating less than about 500ugq silicone oilpreferabhess—than-about1odu¢

siticene-cil-preferablyess-thanabout$Gu¢siicone-cil-preferablyless-than-about25u9-siisone

oit-preferablyless-than-aboutOue-csiicene ail

8 (currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of merethan from about iug te less than about 500uq,merethan-abeut

Sug-mereihan-abeutSyg-more-thar-about-7ug-ormoere-than-about-ougsilicone oil.

9.(currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of abouttyg-aboutS00ue, from about 3ug- to about 200pg-abeutSug-

aboutoGne-orabeut-Toug-abeutG0u¢-silicone oil.

10. {original} A pre-filled syringe according to clain 1, wherein the silicone off is DC365

emulsion.

11. (anginal) A pre-filled syringe according to claims 1, wherein the syringe is silicone oil free.

12. (original) A pre-filed syringe according to claim 1, wherein the VEGF antagonist solution

further comprises one or more of (3) no more than 5 particles >25um in diameter per mi, and Gi)

no more than 50 particles >7Opum in diameter per mi.

13. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution

meets USP789.

14. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-

VEGF antibody.

15. {original} A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.

16. (original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/mi.

17. (original) A pre-filled syringe according to claims 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40ma/mi.

20. (original) A pre-filled syringes according fo claim 1, wherein the syringe has a stopper break

loose force of less than about 171N.

~3-
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21. (original) A pre-filled syringe according to claim 20, wherein the syringe has a stopper

break loose force of Jess than about 5N.

22. {original} A pre-filed syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.

23. (original) A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide

force of less than about 5N.

24. (original) A pre-filled syringe according to claims 20, wherein the stopper break loose force

or stopper slide force is measured using a filled syringe, at a stopper travelling speed of

190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

25.{original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H2O. ar EtO.

26.(original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

outer surface of the syringe has <tppm EtO or HO. residue.

27. {original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has been sterilised using EtO or HO: and the total EtO or H,O> residue found on the

outside of the syringe andinside of the blister pack is <O.1mg.

28. (original) A blister pack comprising a pre-filled syringe according to claims 25, wherein

<5%of the VEGF antagonist is alkylated.

29. {original} A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has beensterilised using E{O or H,O, with a Sterility Assurance Level of at least 10°.

30. (original) A method of treating a patient suffering from of an ocular disease selected from

choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary

to retinal vein occlusion (RVO) including both branch RVO (ORVO) and ceniral RVO (cRVO),

choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema

(DME), diabetic retinopathy, and proliferative retinopathy, comprising the step of administering

an ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. {original} The method of claim 30, further comprising an initial priming step in which the

physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

32. (original) A method according fo claim 30, wherein the VEGF antagonist administered js a

non-antibody VEGF antagonist and wherein the patient has previously received treatment with

an antibody VEGF antagonist.

 



REMARKS/ARGUMENTS

The foregoing amendments to the specification places the claims in better form and

remove multiple dependencies.

Claim 1 has further been amended to specify thai the glass body of the claimed syringe

forms a barrel — this amendment was performed to provide antecedent basis for the term

“barrel? in feature (c) of the same claim. Claim 1 has also been amended to specify that the

claimed syringe is used to facilitate intravitreal injection. Support for these amendments may be

found on p.2, lines 7-8 of the original specification. Finally, claim 1 has been amended to delete

elements that relate to the arrangement and functionality of the body, the stopper and the

plunger, because these elements represent typical features of conventional sytinges. Thus, no

new matter has been added. Applicants reserve the right to prosecute fhe subject matter of the

cancelled claims in subsequent divisional applications.

Should the Examiner have any questions, please contact the undersigned attorney.

Respectfully submitted,

/ Andrew Holmes / 

Novartis Pharmaceuticals Corporation Andrew Holmes
One Health Plaza, Bldg. 101 Agent for Applicant
East Hanover, NJ 07936 Reg. No. 54,813
+} 8627785816

Date: August 16, 2043
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CASE PAT055157-US-NP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Confirm No. 5306

Sigg, Juergen et al.

APPLICATION NO: 13/750,352

FILED: January 25, 2013

FOR: SYRINGE

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir

Prior to the examination of the above-referenced patent application, please enter the

following preliminary amendments.

Amendments to the Claims are reflected in the listing of the claims which begins on

page 2 of this paper.

Remarks/Arguments begin on page 6 of this paper.
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Amendments to the Claims:

This fisting of claims will replace all prior versions, andlistings, of claims in the

application:

Listing of Claims:

1{currently amended) A pre-filed syringe for intravitreal injection. the syringe comprising

@ glass body_forming a barrel, a stopper and a plungerthe-bedycomprising-arn-outietatan

oullet-end-—and—the-stepper_being-arrangedwithinthe_bedy-such_that-afrantsurfaceofthe

stopper-andthe-bedy-define-a_varable_-volume-—chamber-from-which2fluid-can-be-expelled

oughshe-sullelthe-phingercomprisingplingersonlactsuface-at-a frst end-and~a-red

 
inthattne-fluidis-an-and containing an ophthalmic solution which comprises a VEGF-antagonist,

wherein:

(a) the syringe has a nominal maximum fill volume of befween about 0.45mi and about Imi,

(b) the syringe ts filled with a dosage volume of between about 0.03mi and about 0.05ml of said
VEGF antagonist solution,

(c} the syringe barrel comprises less than about 500ug silicone oil, and

(d} the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per mi.

2.original) A pre-filled syringe according to claim 1, wherein the syringe is filled with between

about 0.15mi and about 0.175mi of a VEGF antagonisi solution.

3.(original) A pre-filled syringe according to claim 1, wherein the syringe is filled with about

0.165mi of said VEGF antagonist solution.

4(original)—A pre-filled syringe according to claim 1, wherein the syringeis filled with dosage

volume of about 0.05mi of a VEGF antagonist solution.

5(original) A pre-filled syringe according to claim 1, in which the dosage volume is

determined by the volume of the variable volume chamber when a predetermined part of the

stopperis aligned with a priming mark on the syringe.

6.(currently arnended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of silicone oil that has an average thickness of about 450nm orless,

 
oriess,-preferably-100am-or less,preferably60nm-or-lose-preferably20nm-oriess

-2-
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7 {currently amended) A pre-filled syringe according fo claim 1, wherein the syringe barre}

has an internal coating less than about 500ugq silicone oilpreferabhess—than-about1odu¢

siticene-cil-preferablyess-thanabout$Gu¢siicone-cil-preferablyless-than-about25u9-siisone

oit-preferablyless-than-aboutOue-csiicene ail

8 (currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of merethan from about iug te less than about 500uq,merethan-abeut

Sug-mereihan-abeutSyg-more-thar-about-7ug-ormoere-than-about-ougsilicone oil.

9.(currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of abouttyg-aboutS00ue, from about 3ug- to about 200pg-abeutSug-

aboutoGne-orabeut-Toug-abeutG0u¢-silicone oil.

10. {original} A pre-filled syringe according to clain 1, wherein the silicone off is DC365

emulsion.

11. (anginal) A pre-filled syringe according to claims 1, wherein the syringe is silicone oil free.

12. (original) A pre-filed syringe according to claim 1, wherein the VEGF antagonist solution

further comprises one or more of (3) no more than 5 particles >25um in diameter per mi, and Gi)

no more than 50 particles >7Opum in diameter per mi.

13. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution

meets USP789.

14. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-

VEGF antibody.

15. {original} A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.

16. (original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/mi.

17. (original) A pre-filled syringe according to claims 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40ma/mi.

20. (original) A pre-filled syringes according fo claim 1, wherein the syringe has a stopper break

loose force of less than about 171N.

~3-
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21. (original) A pre-filled syringe according to claim 20, wherein the syringe has a stopper

break loose force of Jess than about 5N.

22. {original} A pre-filed syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.

23. (original) A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide

force of less than about 5N.

24. (original) A pre-filled syringe according to claims 20, wherein the stopper break loose force

or stopper slide force is measured using a filled syringe, at a stopper travelling speed of

190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

25.{original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H2O. ar EtO.

26.(original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

outer surface of the syringe has <tppm EtO or HO. residue.

27. {original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has been sterilised using EtO or HO: and the total EtO or H,O> residue found on the

outside of the syringe andinside of the blister pack is <O.1mg.

28. (original) A blister pack comprising a pre-filled syringe according to claims 25, wherein

<5%of the VEGF antagonist is alkylated.

29. {original} A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has beensterilised using E{O or H,O, with a Sterility Assurance Level of at least 10°.

30. (original) A method of treating a patient suffering from of an ocular disease selected from

choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary

to retinal vein occlusion (RVO) including both branch RVO (ORVO) and ceniral RVO (cRVO),

choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema

(DME), diabetic retinopathy, and proliferative retinopathy, comprising the step of administering

an ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. {original} The method of claim 30, further comprising an initial priming step in which the

physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

32. (original) A method according fo claim 30, wherein the VEGF antagonist administered js a

non-antibody VEGF antagonist and wherein the patient has previously received treatment with

an antibody VEGF antagonist.

 



REMARKS/ARGUMENTS

The foregoing amendments to the specification places the claims in better form and

remove multiple dependencies.

Claim 1 has further been amended to specify thai the glass body of the claimed syringe

forms a barrel — this amendment was performed to provide antecedent basis for the term

“barrel? in feature (c) of the same claim. Claim 1 has also been amended to specify that the

claimed syringe is used to facilitate intravitreal injection. Support for these amendments may be

found on p.2, lines 7-8 of the original specification. Finally, claim 1 has been amended to delete

elements that relate to the arrangement and functionality of the body, the stopper and the

plunger, because these elements represent typical features of conventional sytinges. Thus, no

new matter has been added. Applicants reserve the right to prosecute fhe subject matter of the

cancelled claims in subsequent divisional applications.

Should the Examiner have any questions, please contact the undersigned attorney.

Respectfully submitted,

/ Andrew Holmes / 

Novartis Pharmaceuticals Corporation Andrew Holmes
One Health Plaza, Bldg. 101 Agent for Applicant
East Hanover, NJ 07936 Reg. No. 54,813
+} 8627785816

Date: August 16, 2043
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Amendments to the Claims:

This fisting of claims will replace all prior versions, andlistings, of claims in the

application:

Listing of Claims:

1{currently amended) A pre-filed syringe for intravitreal injection. the syringe comprising

@ glass body_forming a barrel, a stopper and a plungerthe-bedycomprising-arn-outietatan

oullet-end-—and—the-stepper_being-arrangedwithinthe_bedy-such_that-afrantsurfaceofthe

stopper-andthe-bedy-define-a_varable_-volume-—chamber-from-which2fluid-can-be-expelled

oughshe-sullelthe-phingercomprisingplingersonlactsuface-at-a frst end-and~a-red

 
inthattne-fluidis-an-and containing an ophthalmic solution which comprises a VEGF-antagonist,

wherein:

(a) the syringe has a nominal maximum fill volume of befween about 0.45mi and about Imi,

(b) the syringe ts filled with a dosage volume of between about 0.03mi and about 0.05ml of said
VEGF antagonist solution,

(c} the syringe barrel comprises less than about 500ug silicone oil, and

(d} the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per mi.

2.original) A pre-filled syringe according to claim 1, wherein the syringe is filled with between

about 0.15mi and about 0.175mi of a VEGF antagonisi solution.

3.(original) A pre-filled syringe according to claim 1, wherein the syringe is filled with about

0.165mi of said VEGF antagonist solution.

4(original)—A pre-filled syringe according to claim 1, wherein the syringeis filled with dosage

volume of about 0.05mi of a VEGF antagonist solution.

5(original) A pre-filled syringe according to claim 1, in which the dosage volume is

determined by the volume of the variable volume chamber when a predetermined part of the

stopperis aligned with a priming mark on the syringe.

6.(currently arnended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of silicone oil that has an average thickness of about 450nm orless,

 
oriess,-preferably-100am-or less,preferably60nm-or-lose-preferably20nm-oriess

-2-
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7 {currently amended) A pre-filled syringe according fo claim 1, wherein the syringe barre}

has an internal coating less than about 500ugq silicone oilpreferabhess—than-about1odu¢

siticene-cil-preferablyess-thanabout$Gu¢siicone-cil-preferablyless-than-about25u9-siisone

oit-preferablyless-than-aboutOue-csiicene ail

8 (currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of merethan from about iug te less than about 500uq,merethan-abeut

Sug-mereihan-abeutSyg-more-thar-about-7ug-ormoere-than-about-ougsilicone oil.

9.(currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of abouttyg-aboutS00ue, from about 3ug- to about 200pg-abeutSug-

aboutoGne-orabeut-Toug-abeutG0u¢-silicone oil.

10. {original} A pre-filled syringe according to clain 1, wherein the silicone off is DC365

emulsion.

11. (anginal) A pre-filled syringe according to claims 1, wherein the syringe is silicone oil free.

12. (original) A pre-filed syringe according to claim 1, wherein the VEGF antagonist solution

further comprises one or more of (3) no more than 5 particles >25um in diameter per mi, and Gi)

no more than 50 particles >7Opum in diameter per mi.

13. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution

meets USP789.

14. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-

VEGF antibody.

15. {original} A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.

16. (original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/mi.

17. (original) A pre-filled syringe according to claims 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40ma/mi.

20. (original) A pre-filled syringes according fo claim 1, wherein the syringe has a stopper break

loose force of less than about 171N.

~3-
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21. (original) A pre-filled syringe according to claim 20, wherein the syringe has a stopper

break loose force of Jess than about 5N.

22. {original} A pre-filed syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.

23. (original) A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide

force of less than about 5N.

24. (original) A pre-filled syringe according to claims 20, wherein the stopper break loose force

or stopper slide force is measured using a filled syringe, at a stopper travelling speed of

190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

25.{original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H2O. ar EtO.

26.(original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

outer surface of the syringe has <tppm EtO or HO. residue.

27. {original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has been sterilised using EtO or HO: and the total EtO or H,O> residue found on the

outside of the syringe andinside of the blister pack is <O.1mg.

28. (original) A blister pack comprising a pre-filled syringe according to claims 25, wherein

<5%of the VEGF antagonist is alkylated.

29. {original} A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has beensterilised using E{O or H,O, with a Sterility Assurance Level of at least 10°.

30. (original) A method of treating a patient suffering from of an ocular disease selected from

choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary

to retinal vein occlusion (RVO) including both branch RVO (ORVO) and ceniral RVO (cRVO),

choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema

(DME), diabetic retinopathy, and proliferative retinopathy, comprising the step of administering

an ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. {original} The method of claim 30, further comprising an initial priming step in which the

physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

32. (original) A method according fo claim 30, wherein the VEGF antagonist administered js a

non-antibody VEGF antagonist and wherein the patient has previously received treatment with

an antibody VEGF antagonist.

 



REMARKS/ARGUMENTS

The foregoing amendments to the specification places the claims in better form and

remove multiple dependencies.

Claim 1 has further been amended to specify thai the glass body of the claimed syringe

forms a barrel — this amendment was performed to provide antecedent basis for the term

“barrel? in feature (c) of the same claim. Claim 1 has also been amended to specify that the

claimed syringe is used to facilitate intravitreal injection. Support for these amendments may be

found on p.2, lines 7-8 of the original specification. Finally, claim 1 has been amended to delete

elements that relate to the arrangement and functionality of the body, the stopper and the

plunger, because these elements represent typical features of conventional sytinges. Thus, no

new matter has been added. Applicants reserve the right to prosecute fhe subject matter of the

cancelled claims in subsequent divisional applications.

Should the Examiner have any questions, please contact the undersigned attorney.

Respectfully submitted,

/ Andrew Holmes / 

Novartis Pharmaceuticals Corporation Andrew Holmes
One Health Plaza, Bldg. 101 Agent for Applicant
East Hanover, NJ 07936 Reg. No. 54,813
+} 8627785816

Date: August 16, 2043
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
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New International Application Filed with the USPTO as a Receiving Office
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Doc Code: PPH.PET.G52 PTOISB/20UK (02-12)
Document Description: Petition to rnake special under Patent Pros Hwy Approved for use through 01/34/2015, OMB 0651-0058

US. Patent and Trademark Office; ULS DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection ofinformation unless it displays @ valid OMB control number.

REQUEST FOR PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM

BETWEEN THE UNITED KINGDOM INTELLECTUAL PROPERTY OFFICE (UKPO) AnD THE USPTO

=“Tanuary 25, 2013 aitorney Docket No|55187-US-NP
Tea [SYRINGE
| THIS REQUEST FOB PARTICIPATION IN THE PPH PILOT PROGRAM ALONG WITH THE BEQUIRED DOCUMENTS MUST BE SUBMITTED ViA EFS-

1 WeB. INFORMATION REGARDING EFS-WEs IS AVAILABLE AT HTTP /AWWWLUSPTO.GOWEBCIEFS HELPTML,

APPLICANT HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY(PPH) PILOT PROGRAM
| AND PETITIONS TO MAKE THE AROVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PPH PILOT PROGRAM.

The above-identified application and the corresponding UK application(s) have the same priorityMiling date. If UKIPO is not the
| office of first filing (OFF), identify the OFF and the OFF application no.

GB1301368.5
The UK application number(s) is/are:
 

 

The filing date of the UK application(s) is/are: GB1301368.5 wasfiled January 25, 2013, and claims priority to
EP12174680, which wasfiled July 3, 2012, and is the same priority application as that for 13/750,352 

1. List of Required Documents:

a. A copy of the latest UK office action priar to the “Decision to Grant a Patent’ in the above-identified

UK application(s}

ig attached.

rl is not attached because the UK application was allowed inafirst office action.

* itis not necessary to submit a copy of the “Decision to Grant a Patent.”

(1) An information disclosure statement listing the documents cited in the UK office action

mi is attached.

[¥] has already been filed in the above-identified US. application on Maron 18, 2019 and June #, 2018 .
{2} Copies of all documents (except for U.S. patents or WS. patent application publications)

ry are attached.
March 19, 2013 and June 4, 2013

have already beenfiled in the above-identified U.S. application on

 
[Page | of 2]

This collection of informationis required by 35 U.S.C. 119, 37 CFR 1.55, and 37 CFR 1.102(d}. The informationis required to obtain orretain
a benefit by the qublic, which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and
37 CFR 1.11 and 1.14. This collection is estimated to take 2 hours ta complete, including gathering, preparing, and submitting the completed

application form to the USPTO. Timewill vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this ourden should be sent to the Chief information Officer, US. Patent and Trademark
Office, U.S. Department af Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS.
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PTO/SB/20UK (02-12)
Approvedfor use through 01/31/2015. OMB 0651-0058

U.S. Patent and Trademark Office; USS DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit displays a valid OMB control number.

REQUEST FOR PARTICIPATION IN THE PPH PILOT PROGRAM BETWEEN UKIPO AND THE USPTO
(continued)

ll. Claims CorrespondenceTable:

Patentable Claims

in UK Application Explanation regarding the correspondence

US claim 3 depends from claim 1. UK claim 3 is multiply dependenton claims 1-4.

Peirrereininetintrtimnae

Pt]USclaim 31 dependsfrom claim 30. UKclaim 36 dependsonclaim 35, which depends onclaim 34, which rnultiply dependsonall previousclairns.

Claims in US Application

Ill. All the claims in the US application sufficiently correspond to the patentable/allowable claims in the
UK application.

Signature! ANdrew Holmes/ pate MUgust 16, 2013

Ware ogg ANdrew Holmes — 51,813(Print/Typed Registration Number
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i have now received the combined search and examination reportfrom the UKIPO. The due date for
rasnonding to the raport is 3rd duly 2644. A capyof the report is enclosed for your records,

The Examiner implicitly acknowledged thatthe clairned syringe
However, the Exarniner oblected fo the claims for lack of invant
has alleged that the claims merely define a collocation of features
cornbination de not introduce an inventive step.

he cited prior art.

ivese inn partioudar, the Examiner
ati-known in the prior art which in

rhe Exarniner has argued that tyuinal eyringe volumes used in ophthalmic applications include 1 mi
pointing to various patent applications that relate to the Intravitreal administration a! a VEGF-APRS
antagonist molecule. For exampia, the Examiner cited Genantect’s WO 2006/047326, which
discloses the use of a low-volume syringe such as a tuberculin syringe containing 50u/ ofa
ranibizurnab solution.

n addition, the Examiner painted to OcuJdect’s US 2012/0078224 which discloses that “the drug
reservair is silicone oil-free dacks silicone off or one ofits dgrivafives) and is not internally coveredor
lubricated with silicone off, |... which ensures thatsilicone of does not gel inside ihe eye causing
floaters or intragcular pressure elevation" (see paragraph {0145)]. However, ihis application appears
to relate fo an intraocularinjection device that comprises ather parts in addition to a syringe.

he Exarniner further citas Baxter's WO 2006/1 28564, whichr ates to & sificane-free syringe.¥

However, thedisclosed syrings comprises a polypropylene bady with a laminated pistort in orderto
avaid the use of silicane of.

Keith Howick cc,
Huw G Rabygors
Richard f jRcksan
Paul N Howard om

 Apthany © fames cay one
Bruce Cockeartan cra, ot
Tatmaran Marsitall .
Hugh R Gowdfeiiaw «     
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The Examiner further objected tc tne clairnsfor failing to make clear which part of the lainis ihe

inventive concept The Examiner appears ta be concerned that claim 7 is nat suffict tly cancise andthat mainlyfeatures that distinguish the claimed subject-matter from the prior art sh ould be recited in
the claim.

i have not reviewed the application in greater detail, but t appears thal the Examiner's cancerns
regarding inventive step could be addressed by defining the amount of silicone ail in the barrel more

grecisaly, c.g. by spectlying that the amount of sificane oil is in the range of abaut Sug-about 200uq
isee page 5, line 28 af the dascrigtion).

Mlease iet me know ff you would tke us to orepare a draft response to the outstanding examination
report for your review. | look forward to receiving your further instructions.

Should you have any questions regarding the above, please do not hesitate to conlact me.

ee a
i AyViagacas 3 CLEARS

\é

qe CameronMarshall

Enct. Combinad saarch and examination repart
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Your Reference: P061025GB:CIM/JPG

Application No: GB1301368.5

22 March 2013

Dear Sirs

Patents Act 1977:
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Copled for Drap Dead  
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Patents Directorate

Concept House
Cardiff Road, Newport
South Wales, NP10 8QQ

Direct Line: 01633 814706

E-Mail: matthew.parker@ipo.gov.uk
Switchboard: 0300 300 2000
Fax: 01633 817777
Minicom: 0300 0200 015

 
Combined Search and Examination Report underSections 17 and 18(3)

Latest date for reply: 3 July 2014

I enclose two copies ofmy search and examination report and a copyofthe citations.

By the above date you should either file amendments to meetthe objectionsin the report or
makeobservations on them. If you do not, the application may be refused.

Online e-filing

You mayfile such amendmentsor observationselectronically if you wish, using the online
patent filing services detailed in www.ipo.gov.uk/p-apply-online.

Othersearch results

If you have applicd to another patent office for a patent for this invention you will be
receiving from them theresults of their search. If you decide to proceed with the present
application you are asked to provide a copy of any suchofficial search report or details of any
documents cited and category assigned in the report. You may file such information
electronically using the online patentfiling services detailed in www.ipo.gov.uk/p-apply-
online.

Cut-offdate This request applies to search reports that you have received before the date
when yousend a responseto ourfirst examination report under section 18(3) or section 18(4),
 

tUse of E-mail: Please note that e-mail should be used for correspondenceonly.
Disclaimer:

Intellectual Property Office is an operating name of the Patent Office

Please note the documents we send you maybe subject to copyright
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Application No : GB1301368.5 Page 2 22 March 2013

if you makeno responseto an initial section 18(4) report the cut-off date is two months after
the date of that report. Tell us about a search report sooner rather than later if that would
allow it to be considered during our first examination.

Exceptions You donot haveto supply details of a search report that (1) showsa nil response,
or (2) has been published by WIPO or EPO,or (3) you havealready supplied to us ona
previous GB application.

Publication

I estimate that, provided you have metall the formal requirements, preparations for
publication of your application will be completed soon after 26 November 2013.At this time
youwill receive a letter confirming the exact date when the preparations for publication will
be completed. This letter will also tell you the publication numberanddate ofpublication of
your application. However,it should not be relied upon as a reminderifyou are intending to
withdraw your application before publication.

Onthedate of publication details ofyour application, including your name andaddress,will
be entered in the Register of Patents and will becomepublicly available, including on our
website. Some documents and correspondence from your application file will also be made
publicly available on our website at www.ipo.gov.uk/p-ipsum.

Withdrawal

If you wish to withdraw yourapplication to prevent publication you must withdrawit before
the preparations for publication are complete. One way that you can withdraw your
application is by emailing withdraw@ipo.gov.uk. Further details on withdrawal are available
from www.ipo.gov.uk/p-withdraw. WARNING- once preparationsfor publication are
complete it will NOT be possible to prevent publication.

Amendment

If you wish to file amended claimsfor inclusion with the published application you must do
so before the preparations for publication are completed.

Correspondence

If you write to the Office less than 3 weeks before 26 November 2013 please mark yourletter
prominently: "URGENT - PUBLICATION IMMINENT".

Intellectual Property Office is an operating nameof the Patent Office www.ipo.gov.uk
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observations oo the patentabilityofyour invention,

(d} Provided that the requirements of the Act have been met, I can send your application to gramas early as three
months after publication, Before doing so I will bring the original search up to date and raise with you any
further objection that might result fromthis top-up search. However, there is a possibility that at that time }

x ty date of your invention and ofto all the patent applications published after the priority
your application. If this is the case I wouldhave to complete the search afer grant and
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Your ref: PO6IO2SGB-CIMSIPG Yoxconiaer : Dr Matthew Parker

 

Application No: GBRi301368.4 Yebs OL633 814706

Applicant Novartis AQ Date of report : 22 March 2013

Latest date for reply: | 3 Fuly 2014 | Page 1/2earADEOeneeeenerRtnt

Patents Act 1977

Combined Search and Examination Report under Sections 17 & 183}

Patentability

I, Section 4A(1}(a} states8 that” a patent shall not be granted for the invention of -& amethod of treatment of theiman or animal body by surgeryor therapy’. Claims 33-37
clearly define a method of therapy and therefore these are not patentable

Collocation and clarity

2. The combination of a series of knownfeatures, cach playingits usual part in the finalentity, isaa matter of design or mere collocation, and net of invention. See Mamual aePatent
Practice section 3.17.

3, Clamd of your application seseemsto contain a mimber of features which are well
knowninthe arf and if is unclear where you believe your invention les. The first part of the

clabn describes a standard variable volumesyringe with a plunger, body, stopper, outlet,
wherein the phinger forces the stopper towards the outlet reducing the volume of the variable
chamber. This is entirely conventional in the syringe art. The claim then goes onto describe ant
ophthalmic solution which comprises a VEGF-antagonist. As described in your deseryption
such a flaid is well knownin the arf and is produced commercially as ranibizumab (Lucentis

BEM bevacizumaiab (Avastin RPM) “and afitbercept (Evise RIM‘The claim defines a ayringswith a nominal maximumfi velume of between OG. Smi and about imi. As desertbed in your

 
 

 
 

   
 

 

description on page i, Hines 13-15, low volume syringes are commonin the art. The nedefines the syruige barrel as comprising less the $00u¢silicon af}. Low silicon otf and silicon
oll free syringes are alse well knowninthe art. Therefore, tt seems that the claimis merelya
combination of well known features and if is unclear which part of your claimis the mventive
concept,

  

4. if you believe that yourinventive concept is a novel VEGF antagonist solutionthen

your main claim should be directed to this and the details about the syrineeeconstruction
should be omiited fromthe claim. Hf you believe that the sytinge and ps unger has somesort ofnovel mnventive concept then your main claim shouldbe directed to this andthe details about
the VEGFantagonist sohition should be omutted fromthe claim.

brventive step

5. The invention as defined in claims 1-32 is obvicus in view of what has already been
disclased in the following documents

 al Property Officeisan operating namie of the Matent Office yaranndie gowuk,
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Your ref: POST O2SGE:CIMUPG Date of repert: 22 March 2013
Apphcation Ne < GBL301368.5 Page 2/2

{ixamination Repart centd.}

US2013/012918 Al (FOSTER), see paragraph [0050]

US20t2asSe4Al (GCUIECT}, see paragraphs [0145], [0147], [0148]
S2EN36/17 ae (REGENERONW), see abstractWO2007i149v4 (REGENERON}, see abstract

WO2007/084765 A (POTENTIA)}, see Figure 9, paragraph [0215]
WO2007/035621 Al (OSLEYETECH), see ustact and paragraph [0106]wO20016/128564 AL (BAXTER), see abstracWO2006/047325 Al (GENENTECH), see vbstract and paragraph(G130]
CN2O1S78680 U (HIANYOV), seeabstract

 

=nr
~o

&, As discussed above your claimsdefine a collocation of well known featurcs which in
combination do not intrachice an inventive step. All the above documents show some of the
features of clanm1 at least.

3. The POSTER decument shows a typical ophthalmicsyringe which can have a typxa RTM
syringe volume of imi. The OCUIECT dsocumernt a syringefor tajection of Lucentis
(ranibizumab), or Avastin RIM foevacizumab}, the syringe is additionally sdiconoil free. The

 
two REQGENERON documents showthat oohthalinie solation using VEGF antagonist are
well known. The POTENTIA showsthe use of such an ophthalmic solution suchas AvastinRTMwith a gmall volume sytinge. The0ST EYETRCHshows an ophthalmic syringe for use
with VEGP antagonist. TheBAXTER and HANYOUdocuments showthal syringes which
ate produced without siliconoff are well known. The GENENTECHdisclose the uyection of
0.68 ml. ranibizumab solution inte the eye.

Clarity

8. Your staternent of invention on page | lines 28-35 is not consistent with chum1.

9, ‘The description on page 2, Hine 21 states that ‘the body may be made frorna plastic
material’ and this is inconsistent with claim which defines the syringe comprising a glass
body.

<

i

Purther search

10. On amendment a further search form and fee maybe requested.

 
frtelectaal Property ONfine is an operating name of the Paton! Office  
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Gieto'S INFELLECTUAL
| Sg eee PROPERTY OFFICE

Application No: GB1301368.5 Examiner: Dr Matthew Parker
Claims searched: 1-32 Date of search: 21 March 2013

Patents Act 1977: Search Report under Section 17

Documents considered to be relevant:

Identity of documentand passageor figure ofparticular relevance

US2013/012918 Al

(FOSTER), see paragraph [0050]

US2012/078224 Al

(OCUJECT),see paragraphs [0145], [0147], [0148]

US2006/172944 Al

(REGENERON),see abstract

W02007/149334 A2

(REGENERON),see abstract

WO2007/084765 Al

(POTENTIA), see Figure 9, paragraph [0218]

WO0O2007/035621 Al

(OSI EYETECH),see abstract and paragraph [0106]

WO02006/128564 Al

(BAXTER),see abstract

W02006/047325 Al

(GENENTECH),see abstract and paragraph [0130]

CN201578690 U

(JIANYOU),see abstract

Documentindicating lack of novelty or inventive Document indicating technological background and/orstate
step of the art.
Document indicating lack of inventive step if Document published on orafter the declared priority date but
combined with one or more other documents of before the filing date of this invention.
same category.
Memberof the same patent family Patent document published onor after, but with priority date

earlier than,the filing date of this application.

intellectual Property Office is an operating name of the Patent Office www.ipo.gov.uk
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Field of Search: ,

Search of GB, EP, WO & US patent documentsclassified in the following areas ofthe ukc* :

Worldwide search of patent documents classified in the following areas of the IPC
A61K; A61M .
The following online and other databases have been used in the preparation of this search report
EPODOC, WPI

InternationalClassification:

Subgroup Valid From

0005/31 01/01/2006

0005/178 01/01/2006 

Intellectual Property Office is an operating nameof the Patent Office www.ipo.gov.uk
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Hectronically submitted E emall@carprnaaiscom

vasw.carpinaalscont

Your Rei GRIINISB.S

Our Ret POS TO25GB:CJMAIPG

Cate ard May 2043

Re: United Kingdom Patent Application No. 1501368.8
NOVARTIS AG

lam responcing to the combined search and examination report dated 22nd March 2043.

introduction

The prasant invention refates to a prefited syringe with a reduced sificone content containing an
ophthaimic soktion which camorises a VEGF antagonist forintravitreal administration.

With “stanclard” sillcenised syringes known in the ari, small amounts of siigane oan detach from the
sytinge barre? during storage and use, and this material js injected info the eye with each
adrniniatration, Over time, dranletis of sillonns in the eye can build up and aggregate, causing
“Hoaters” in the vision. In addifien, silicane olf can cause aggregation of profeineceous products
such as ihe VEGF antagonists referred fo in the claims. By reducing thesilicane levels as much as
passinie, the amount of silicone that detaches framihe syringe barrel wail is minimised.

Silicane-tree syringes are knownin the art, however, such syringes are made of plastic. Silicane-ree
dlastic syringas cannot be used as pre-Hled syringes for a number of raasons.

Tyginally health authorities require that the outer surface of pre-filed syringes is sterile. Although
they maybefiled under aseptic candilions, only the contents would therefore be sterile. Thus, they
are typically packaged in blisier packs and then sublected to sterilisation. The sterilising process has
io be aggressive enough io enter the blister pack io sterilise the outer surface of the syringe, and the
syringe sealing hax ta be tight enough to prevent ingress of the steriising agent ina fhe syringe.

The seal cravided by plastic siicone-frea syringes is not tight enaugh, meaning that terminal
sterilisation of the syringas cannot be carried out without the sterilising agant entering the syrings.
Bintogic producis such as the VEGF antagonists referred to in the claims are parficularly sensitive to
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such sierifising agents, which can oxidise/denature the groteins.

Nor is # passikte to use siicone-ree glass-barrelled syringes. In glass-barralied syringes, rubber
sionpers ave used to ensure suitable tightness of the seal, Therefore terminal sterilisation is poasible
without the sterilising agent entering the eyringe. However, there is a high friction lavel betweenthe
rubber ann glass meaning that the break-lcose andslide forees fur moving the sloppar would he so
high as to render the syringe unusable in the absence ofsilicone.

aw pylor art fevels

ug sy"Inge can be
jad in the barrel of the

The invantors showfor the first time that silicone levels cain be reducedfar bel

while stil obtaining a usable syringe (eee page&, line § to page 7, Sne 18). Th
terminally sterilised after Alling without damaging the VEGF antagonist contair
syringe.

Amendments
sy FF

An amendad set of claims 1-37ia submitted herewith, which shail replace the claims currently on He.

Claim 7 has been amended by specifying that the glass Qody forms a barrel in order to provide
proper antecedent basis forthe term “barref”in feature (5). in addition, it has baen specified that the
sytinge 3 for intravitreal injection. Basis for this amendrnentis found in the description as originally
fied at page 2, Hnas 1 and 3.

Gleim 7 has further baen amended by deleting features thal relaie in ihe arrangement and functionality
of the beely, the stopper and the plunger as far as these are lygical for conventional syringes.

The above amendmenis da not constitiue an abandonment of subject-matter, and the applicant

reserves the right fe reintroduce any deleted subject-matter inte the present appiloation and/or any
divisional applications.

Collocation and Clarity

The Examiner has alleged that claim 7 is merely a combination of wall-knownfeatures and that it is
unclear which cert of the claim refates to the inventive concept. in particular, the Examiner has
alieged that both low-volume sytiriges and low-silicane syringes wears mownin the at. The applicant
disagrees with the Examiner's asseasment since none of Ihe references cited in the sambined
search and examination report appear fo disclose a low-volume, iaw-silicone prefilled syringe with 3
gisas body (see discussion ofthe individual references under inventive steg),

The Examiner further requestedthat the claim bere-drafied such that features that co not refate to

the Inventive conceg! are omitted. More spacificaily, tha Examdner arenested omitting elther detaiiarelating te the construntion of ihe syringes or details regarding the VEGF antagonist salution,Without prejudice, claim 1 has bean amended by deflating anyfeatures deesorbing |She syringe that
appear notte be rafevant for the Inventive concept.

However, as highlighted in the introductory remarks, the problems associates’ with siticanised
syringes are of particular concern with the VEGF antagonists restered te in the claims and ihe
descrigiion. As already discussad, droplets ofsilloone frora the ayringacan farm aggregates in the
eye, causing “floalers” in the vision.

nh
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With infravenous or inframuscutar injections, which are used in adrninisiaring other protein-based
products such as antibodies and vaccines,ihis is less of a problern as the allicane dropists are tess
fikaly to incalise and aggregate. in addition, the volumes in which the VEGF antagonists are
administered are by arorder of magnitude smatier thar: those used fer e.g. ihe administration af
vaccine, which may atso be provided in presiied syringes. The exact administration of small
volumes ig fechnioally more challenging thanthe administratian of larger volumias which allow more
room for error.

The problem underlying the invention directly relates tu ihe administration of VEGFantagonists to
the eye by means of a pre-filled syringe. Herice a ralatianship between syringe comsinicion aod
details of the VEGF antagonist eclution eyists that ia properly reflected in the claims.

in orderto further clarily wherein the invention fies, claim ¢ has been amended to specify thai the
syrings is for invavilreal injaction.

The Examiner bas objected ta the passage al page 1, lines 2835, and page 2, fine 21, as being
inconsisterd with the clains. For reason of procedural economy, if is requested that arnenamenis to
the description are postponed until the Examiner has agreed to an allowable wording of the claims.

 

inventive Step

The Examiner has objected to claim 4 forlack of inventive slep. in parliewdar, the Examiner has
alleged that the invention merely relates te 2 collocaiian of well-known features. Thereiors ihe
Exarniner has clied several documents that disclose at least some of the features of claim 1.

LIS2013/012318 ralales to a disnosable hypodermic syringe for stable, ona-handed dispansing of
fluids and precision positioning see abstract). A pre-filled syringe. much less a pre-filad syringe with
a glass body, wherein the syringe barrel comprises leas than about 500ug silicone olf, is not
disclosed anywhere in US20134112918. The only statement that appears to be remotely relate to the
present application is found in paragraph {GOS0], which stales that typical syringe volumes used In
oobthadmic surgery may include 1 mv, 3 ov, or 6 ml. Thus, US2015/072916 dues not appear io ba of
any relevance with regard to the present invention.

WO2D0B/047325 relaies to a casing regimen administering a iherageuiically elective amount of
VEGF antagonist io a maramal suffering from, or at risk for, an intracndar neovascular disomer
(abstract). This agplication further discloses ihe use of s 30 gauge, 1/2-inch needle aliached to a low
volume (e.g. tubernulin) syringe for administering 50 yf of the study drug saluitan (see page Jz, HNeS
4G and 71). No further details regarding the syringe are disclosed. In particular, no ore-fiied syringe
with a glass body having a barrel comprising less than: about 500qgsilicone oil Is dizclosed.
Therefare WO2006/047325 does not apgear fo be relevarit for considering the inventive concept of
the present invention.

LIS2008/172844 relates fo methads of reducing or resting angiogenesis and/or inflummnation
assuciated with eye injusy wa subject in need thereof, comprising administering an agant sapable of
Rocking of innibiling VEGF (absiract). There is ne mention of administration of the disclasead VEGF
aniagonist by means of a syringe, much less by a pre-filled syringe with jow-silicone cantent. Therefore
HS2HNGN72844 aise does nol appear to be of any relevance with regard te the present invention.

sod
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WO2007/149924 is directed fo pharmaceution! formulations suitable for intravifras! adrninistration

comprising aagenis cagatleof inhiolting VEGF (abstract). ones formulations can be provided in@ prefilled syringesuitable for intravitreal administration (gee page 5, paragraph (0036p). & pre-filled
glase syringe@ containding a 40 mom VEGFTrap liquid formulatio:ris alse discinsed (ee 6.9.
example 4). No disclosure regarding the silicone content of ihessyringe is made, Therefore
WO2007/41403S4 also does riot appear to be relevant with respect in the present invention,

WWiO2607/G84785 provides composition, methors, and articles of manufacture Jor treating an eye
disorder such as macular degeneration, chorcidal neovascularization, or retinal neovascularization
isee abstract). This application further discloses a syringe containingofirst therapeullc agent dissolved
ina fiquid medium located in the syringe and a needle that contains an coulay implant with a sustained-
raleaseformulation of a second therapeutic agent (sce e.g. paragraph (4010). No disclosure regarding
the siicane content in a glass syringe of the volume specified in claim 4 is found In WO207/084768.
Tharsfore this application is aise of ma relevance wilh regard fo the prasent invention.

CNQG1S7TSSSC relates to x olinical syringe (1a. not a pre-filed syringe) that does not head {o be coated
with sdicone of (Le. is silicone-trae}. Therefore this application also doas noi appearic be relevant fo
the present invention.

WO2007/035624 relates to an ophthalmic syrings for performing infravireous injections (see page 1,
fnes 8 and 8}. The application disclosas that particulate contaminants present in a drug, im a syringe,
or in or on materials usedat the timeof injection mayhave the pcieniial to induos detrimental effects

wheninjactad inde the viracus (page 2, lines 29-314). Fudhermare, & syringe with ad mi glasg barrel
seaied with a rubber stopperie disclosed(page 9Hines 13-78). & pre-filled syringe is also
cortamplater (page 9, ines 16 and 47}. While a silicone cnatingis consideredSor the needle (see ¢.9.
page 7, tines 20-26), silicone coating of the syringe barrel is not addressad anywherein the
apntication. Tharsfore WO007/055621 appears to be of no relevance withregardta the present
invention.

US2012/078224 discloses a devine for dalivering pharmaceutical formulations into the eye. The
agplication specifically discloses that ihe drug reservar of the device Je sifcone oll-free (lacks
silicone of ar one of fs derivatives} and is not intemally covered or lubricaled with siicone off, {..}
which ensures that siicone Gl does nat get inside the eve causing Yaslers arintraocularpressure
elevation” (see paragranh [0445}}. In this respect, the appiination appears to address a similar
groblem as the present invention. However, ie solution provided fo this problemis different from the
present invention in as far as 92012/078224 teaches the avaidance of sillnane ralher than ihe
reduction of the silicone content in the syringe barred te lees than about 400ug and consaquently
proposes thet the reservoir is made of a material that contains a cyclic alefin series rasin (see 2g.
paragraph (0146). The useof a plastic resin in place of glass as the rese:voir material of chalice
makes sense because, as stated above, glass woudd be incompatible witha sillcone-free reservoir if
wauld be impossible to move the plungar tc expel ihe drug from the reservair (cl. paragraph [014a
at US2012/078224).

 

WO2008/128584 relates io a syringe composed of a polyprapylene boliew barrel and a sikting
coated rubber piston (cf, tle). This 2application states that one disadvantageof the ususe of silicane-
coated prstoris in commencial syringesis thai that ihe silicone oils contaminate the content of the
syringe body {see page 1, paragraph [002], last sentence). Therefore this apqlication relates fo the fe
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saree probem that is addracsad by the present Invention. WO2000/128564 furtherdiscloses thal, in
order ta avaid the above mentioned disadvaniage, laminated pistons were devaloped which are
sificonatree (page 1, paragraph (003). The application is basen on the discoverythat conventional
hallovw-barrel bodies madeof polyprooylane oan be combined with ceriain pistons with certain
coatings (page 1, paragraph [G08H. Thus, while WO2006/128564 addresses the same oreblam as
the present application, a completely differant solution is provided.

Henoe, while US2012/078224 and WO2008/128584 both appear to address the srablem underlying
the Invention, neither of the two apniications provides any pcinters that would noint the skillad
person the solution provided in the instant application. In particular, neither of the lwo applications

addresses the specific problem associated with oredilled syringes containing one af tha VEGF
antagonists referred fo in the claims. As discussed in the introduction, silicone-free syringes are nat
suitable for use with thesa VEGF antagonists because they lypically ara mace of materials other
than glass and therefore do not provide a fight enough seal to prevent sterilising agents fam
entering the ayringe barre! and oxidising or denaturing thea VEGF antagonist, The use of a glass
bodyis thereiare essential io provide a fight enough seal to prevent the sterilising agen? from coming
inte semact with the VEGF antagonist contained in the syringe. However, the use of a glass body
requires ihe use of sficone as a tubricant fo reduce the friction betweenthe barrel and the phinger. 

The inventors showed for the first timethat ihe amount of silsune used f6 coat the Barrel of ine

ayfinga can be reduced dramatically without affecting the functionality of the ayringe (cf page 15,
lines 18 and 16 the dascripiian). This was unexpected. By reducing the arnnunt of silicane, the
fiketihoud of Introducing silicone inte the eye in an smount that could lead fo the formation of floaters
ig also dramatically reduced. jn addition, the amount of silicone is fowenough fe avoid aggregaia
formation of the VEGF antaganist during siorage of the syringe.

it follows irom the aboye that the claimed subjeci-matier hus sn inventive step in view of the cited
nrior art.

Requssis

The Examiner is encouraged to confact the applicant's agent, should furtherclarifications or
amendmanis be requirect. in particular, a description whieh has been amended to match the claims
will be submitted, should the Examiner agree that ihe amended set of claims agpears allowable.

An interview with the Examiner is requested, if this is deemed to be expedient for accelerating
examination of the present apalication. .

if BLECTRONICALLY SIGNED AND SUBMITTED ff

Garomasis&Ransiord 

Enel. Amended set of claims 1-37 (clean and marked-up versions)
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CLAIMS

LA pretfilled syringefor : 
 i, 8 stopper and a plunger: the-+ 

  
 

  
 

32. cay
BLPERRG-ai-p-Best-eneans

Settt
ha "3 fey foyer thet tes
tuheot-oa-be-used-toJorcethesha} 
 

 
 

  tele-ehapiberscharac me-ot-the--
¢

ap ophthalmic solution which comprises a VEGP-antagonist wherein:

5 4 nominal maximum fill volume of between abou 0.3m] and about

oneb)} the syringe is filled a dosage volume ofbetweenabout U.O3rni and aboot 0.05mi ofsaid
YVEQP antagonist sohition,

(c} the syringe barrel comprises Jess than about 500pg silicone oil, and
>

(d the VEGF antagonist solation comprises no more than 2 particles >50pun1 in diameter

ce

2. A pre-filled syringes according to clann |i, wherela the syringeis filled with between about
 
“\

O.i5mi and about G.174Smi ofa VEG
a

F antagonist sohmion.2

3, A pre-filled syringe according to claim | or claim 2, wherein the syrings is Hled with
about 0.165mi of said VEGP antagonist sohition,

ig filled wit‘C os
4, & pre-filled syringe according to any previous claim, wherein the syringe

=

dosage volume of about 0.05mi! ofa VEGFantagonist sohition.

5. 4 prefilled syringe according to any previous claim, in which the dosage volume is
determined by the vohime ofthe variable volume chamber when a predetermined part ofthe
stopperjs aligned with a priming mark on the syringe.

 6. A pre-filled syringe aceording to any previous slain, wherein the syringe bars
ty

internal coating of silicone ofl that has an average thickness of about 450nm or less,
t

preferably 40Gnm or fess, preferably 350nm or less, preferably 300nm orfess, oreferably
Sf fa20Unmorless, preferably 10nmorless, preferably SOnmorless, preferably 20morfess.

7. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
intemal coating of less than about 500yg silicone oil, preferably less than about 100uE

~yd.
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silicone olf, preferably fess than about JOpe silicone ofl, preferably less than about Joug
ere

silicone olf, preferablykeless i about Hug silicone of.
8. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of more than about |uig, more than about 3ug, more than about Sug. more

'

than about Fug ar more than about 1Qug silicone ol.

¥ A pre-filled syringe according io any eveclaim, wherein the ayringe barrel bas aninternal coating of about I pe-about 50Gn¢, about 3Jug-about 200ng, about Spg-aboul 10Qug
or about }Oug-about 50ug silicone olf,

10. A pre-filled syringe according to any previous claim, wherein the silicone ofl is D365
emulsion,

ii. A pre-filled syringe according to any one of claims 1-5, wherein the syringe is siliconef

yt Be
oil free,

12. A pre-filled syringe aceording t any previous claim, wherein the VEGF antagonist
solution further comprises one or more of(1) no morethan 5particles =2Syre in diameter per
ml, and (U} no more than SQ particles >]Qjin diameterperyal.

13. A pre-filled syringe aceording to any previous claim, wherein the VEGF antagonist
aclution meets LISPYSS,

0

(4, A pre-filled syringe according {co any previcus claim, wherein the VEGF anagonist is as
en

anti-VEGFantibody.
4

18. A pre-filled syringe according to claim 14, wherein the adi-VEGP antibody ig
ranibizumab.

16. A pre-filled syringe acoording to claim 15, wherein the ranibizamahis al a concentration

17, A pre-filled syringe according to anyone ofclaims 1-13 wherein the VEGP antagonist is
a non-antibody VEGF sntagmnist.

x18. Apre-filled syringe according to claim 17, whervin the non-antibody VEGF antagonist j
aflibercept or conbercept.

ao

19. A pre-filled oyringe accordingto claim18, wherein the non-antibody VEGF anagonist is
aflibercept at a concentration of 40me/mi.

20. A pre-filled syringe according fo any previous claim, wherein the syringes hag a stopper
break foose Pores of less than about PTN,
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21. A pre-filled syringe seers to Claim 20, wherein the syringe has a stupper break loose
force ofless than about SN

22. A pre-filled syringe according to any previous claim, wherein the syringe has a stopper
3shde ferce of less than about TEN.

23. A pre-filled syringe according to claim 22, wherein the syrings has a stopper slide force
of less than about SN.

24. A pre-filled syringe according to amy of claims 20-23, wherein the stopper break loose

force or stopperslide force ts measured using « filledeeat aa stepper travelling epoed ofP90ram/min, with a 300 x 6.5 inch needle attached to the ayring

25, A blister pack vompsASH. a pre-filled syringe according to ay previous clagm, whereinthe syringe has been sterilised using H2Q, or INO.

26. A blister pack comprising a pre-filled syringe according to claim 25, wherein the outer

surface of the syringe has <lopm EtO or Had) residue.

ai
27. A blister pack comprising a pre-filled syringe acvordingto claim 25, wherein the syringe

has beensterilised using BLO or H)Qz and the total Eior HO) residue found on the outsidex

ifthe syringe and inside ofthe blister pack is <O.img.a

 
28. A Mister pack cernprising a pre-filled syringe according to any one of elaims 25-27,

wherein <3%of the VEGF antagonist is alkylated,
 

29. A buster pack«compresa pre-filled syringe accordingto any of claims 25-28, wherein 
the syringe has been sterih ing FeO or HoO: with a Steriity Asaurance Level ofat least
e, 

30, A blister pack according to any of claims 24-29, wherein the pre-filled syringe has a& 
shelf Hfe of wo to 6 months, & months, 12 months, 1S months, 18 months, 24 months ori

 longer.

 1A kit comprising: () a pre-filled syringes according to ary one of claims 1-24, or a blister

 
iepack cornprisiag 3 pre-filled syringe according to any one of claims 25-30, 4D a needle, and

optionally CHD instructions far administration.

32. A kit aecording to clairn 31, wherein the needie ts a 30-gauge x 4 inch neadis,

33. A pre-filled syringe according to any one of claims 1-24 forase in therapy.>

bs
34. A pre-filled syringe according to any one of claims 1-24 for use in a methodoftreating a

alepatient suffering from an ceular disease selected from choroidal neovascularisation, wel age-

-16-
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related macular degeneration, macular edema secondary to retinal vein occlusion (RVO)

including both branch RVO (bRVO) and central RVO (cRVO), choroidal neovascularisation

secondary to pathologic myopia (PM), diabetic macular edema (DME), diabetic retinopathy,

andproliferative retinopathy.

35. The pre-filled syringe for the use according to claim 34, wherein the method comprises

the step of administering an ophthalmic solution to the patient using the pre-filled syringe.

36. The pre-filled syringe for the use according to claim 35, wherein the method further

comprises an initial priming step in which the physician depresses the plunger of the pre-

filled syringe to align the pre-determined part of the stopper with the priming mark.

37. The pre-filled syringe for the use according to claim 35 or 36, wherein the VEGF

antagonist administered is a non-antibody VEGF antagonist and wherein the patient has

previously received treatment with an antibody VEGFantagonist.

-17-
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CLAIMS

1, & pre-filled syringe for intravitreal injection comprising a glass body forming « barrel, a
stopper and a plunger and cordaining an ophthalmic sohition which comprises a VEGF~
sataganist wherein:Bt

nn «

(a) the syringe has a nominal maximum All volume of between abeut QSmi and about
tm},

:

ih} the evrinee is filled « dosage volume of between about 0.03mi! and about 6.05mi of said4 y Lk &

VEGF antagonist schation,

'o} the syringe barrel comprises fess than about SOGue silicone of, and3 5 IRE :

id} the VEGF antagonist sohition comprises uo more than2particles 50pm in diameter

per od,

2. A pre-filled syringe acvording to claim 1, wherein the syringe ia Hlled with between about
0. i 4ref and about O.1745mi afa VEGFantagonist sobitior.

3, A pre-filled syringe according to claim 1 or claim 2, wherein the syringe is A:
about 0.165ofsaid VEGFantagonist solulion

4, A pre ed aerelaqesme ek ano any oT ye cepinorn ie filled eeithHed syringe according to any previous claim, wherein the syringe is Tied withcodosage vyotume of about 0.05mi of a VEGF antagonist solution.
5. A pre-fUled syringe according to ary previcus claim, in which the dosage vohune ts

determined by the volume ofthe variable volume chamber when a predetermined part ofthe
siopper ia aligned with 4 priraing mark on the syringe.

& A pre-filled syringe according to any previous claire, wherein the syringe Sarre! has aninternal coating af sUicone cil that has an average thickness of about 400m or “bess,
a

preferably 400mm or less, preferably 3S0emor Jess, preferably 300mmor less,k  
wswe w200xun or Jess, preferably 10Gnmor fess, preferably SOnre orless, preferably 20amoF

T. A pre-filled syringe according to any previous claim, wherein the syringe barre! has an€

internal coating of jess than about SOQug silicone ofl, preferably less than about 100ug
silicone oll, preferably fess than about SOug silleane ol, preferably less than aboul 2hug
ificone oll, preferably less than aboutur silicone ol.

A pre-filled syringe according te anyprevious claim, wherein the syringe Barrel has anSS

sown coating of more than about lag, more than aboul 3y4g, more than about Sug, more

 
than about Tue or more than about [Ougsilicone ail.res &

-i4- 
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