106. (TWICE AMENDED) [An] A humanizad antibody which [acks immunogani’c}i:y"mmpama ©
a non-human parant antibody upon repeated administration 10 a human panefr;!‘in order 1o treata
chronic disease in hat palient[ and],_wherein the humanized antibody cgnprises a consensus
human vanable domain of @ human heavy chain immunoglobulin subgroup, wharein amino acid
| residues forming Complementarity Determining Regions (CDRs) mefédt comprise non-human
antibody amino acid residues, and further [comprising] comprises a Framework Region (FR)

7 substitulion where me substtuted FR residue: (a) noncovalently rfds antigen dwrectly; (b) inleracls 9"

w/' ‘-L‘

with a CDR; (c) [compnses] introduces a glycosylation site which affects the antigen binding or
aftinity of the antibody; or (d) participates in the V,-V,, interface by affecling the proximity or

Vs

orjentation of the V, and V,, regions with raspact 1o ong‘another.

=T (g . ——
- 107. (AMENDED) The humanized antibody %aim 106 comprising a non-human FR residue

which noncovalently binds antigen directly.

108. (AMENDED) The humanized antbody of claim 106 comprising a non-human FR residue
which interacts with a CDR.

109. (AMENDED) The ng antiboay of claim 106 compnsing a non-human FR residue
which [comprises] introduces ?giyoosylation site which affects the antigen binding or-affinity of the

g antibody.

110. (AMENDED) humanized antibody of claim 108 comprising 2 non-human FR residus
which participates :;me V-V, interface by affecting the proximity or orientation of he V,-V,, regions
with respect to;v’e another.

1. (AN/!ENDED) A humanized antibody comprising 2 consensus human variable domain of
human V,/subgroup |il, wherein amino acid residues forming Complementarty Determining Regions
(CDRs)/thereof comprise non-human antibody amino acid residues, and further comprising a

anugen directly; (b) interacts with a CDR; (¢) [comprises] intreduces a glycosylation site which
affects the antigen binding or affinity of the antibody; or (d) participates in the V,.-V,, interface by
affecting the proximity or orientation of the V, and V,, regions with respect o one another.

e e———
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112.  (Reiterated) The humanized antibody ofclaim 111 which lacks immunogenicily compared
10 a non-human parent antibody upon repeaied agministration 1o a human patient in order fo treat
a chronic disease n that patient.

T ——

113. (AMENDED) A humanized vanant of a non-numan parent antibody which binds an antigen
with bater affinity than the parent antibody and comprises a consensus human variable domain of

a human neavy chain immunogiobulin subgroup whergin amino acid residues forming

residues, and further [compnsing] comprises a Framework Region (FR) substilution whera the
subslituted FR rasidue: (@) noncovalently binds anfigen directly; (b) interacts with a CDR; (c)
[comprises] introduces a glycosylation site which affects the anugen binding or affinity of the
antiboay; or (d) paricipates in the V-V, interface by affecting the proximity or orientation of the V_
and V,, reqions with respect 10 one another.

T Complementanity Determining Regions (CDRs) thereof camprise hon-human antibody amino acia

114. (AMENDED) The humanized variant of claim 113 which binds the antigen ar least about
3-fold more tightly than the parent antibody binds antigen.

et i W 5 e
. Piease add the following claims 10 the above-identified applicatiop:

-115. (NEW) A humanized antibody heavy chain variable domain compnsing non-human
Complementarity Determining Region (CDR) amino acia residues which bind antigen incorporated
into @ human antibody variable domain, and further comprising an amino acia substiuton at a sie
selacted from (e group consisting of. 24H; 73H, 76H, 78H, and 93H, utilizing the numbering system
// sel forth in Kabat.
Jio
116. (NEW) The humanized variable domain of claim 115 wherein the substtuled residue is the
residue found a1 the corresponding location of the non-human antibody from whieh the non-numan
CDR amino acid residues are oblained.

117. (NEW) The humanized vanable domain of claim 115 wherein no human Framework Region
(FR) residue omer than those set fortn in the group has been Substituted.

118. (NEW) The humanized varianie domain of ciaim 115 wherein the human antibody vanable
domain is a consensus human variable domain.
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119. (NEW) Tne humanized variable domain of claim 115 wherein the residue at site 24H has
been substituted.

120. (NEW) The humanized variable domain of claim 115 wherein the residue at site 73H has
pesn substituted.

121. (NEW) The humanized variable domain of claim 115 wherein the residue at site 76H has
been subsituled.

122. (NEW) The humanized vanable domain of claim 115 wherein the residue at sita 78H has
been substtuted.

123. (NEW) The humanized variable domain of claim 115 wnerein the residus at site 934 has
been substituted.

124. (NEW) The humanized variable domain of claim 115 which further comprises an amino acid
subslitution at site 71H.

125. (NEW) Tne humanized variable demain of claim 115 which turther compnses amino acid
substitutions at sitas 71H and 73H,

126. (NEW) The humanized vanable domain of claim 115 which further comprises amina acid
substilutions at sites 71H, 73H and 78H.

127. (NEW) An antibody comprising the humanized varnable domain of claim 115.

128, (NEW) A nhumanized varnant of @ non-human parent antbody which binds an anugen,
wherain the humanizea vanant comprises Compiementarity Determining Region (CDR) amine acid
residues of the non-human parent antibody incarporated into & human antibody variable domain,
ana further comprises a Framework Region (FR) substitution where the substituted FR residue: (a)
noncovalently binds antigen directly; (b) interacis with a COR; or (c) paricipates in the V-V,
interface by affecung the proximity or orientation of the V, and \{, regions with respect to one
another, and wherain the humanized vanant binas tha antigen more tightly than the parant antibody

L’F\ NQ-:J 0'3 :
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Celltech Antibody Technology Platform Further Strengthened Through New Patents in US and Europe

SLOUGH, U.K., Sept. 26 /PRNewswire/ -- Celltech announced today that the U.S.
Patent Office has allowed one of its key patent applications covering engineered
human antibodies. The grant of this "Adair" patent will occur in early 1997 and
will expire in 2014. This broad product patent covers a key approach to the
construction of new human antibodies which is essential in order to achieve full
therapeutic activity. It covers all antibodies which have been constructed
using this approach. A corresponding patent has already been granted in Europe,
although it is anticipated that the financial benefit to Celltech from the U.S.
patent will be more significant in the near term because of the numbers of
antibodies in late-stage development in the U.S.

The "Adair" patent is an important new element in Celltech's technology
platform, and complements previous Celltech patents in the field of antibody
engineering. It covers all of Celltech’s own antibodies currently in clinical
development, thus substantially extending their period of patent protection. In
addition the patent covers a range of antibodies under development by other
companies. This would result in royalty revenues should these products reach
the market.

There are already a number of process patents covering the manufacture of
engineered antibodies including those granted to Celltech, Genentech, the
Medical Research Council and Protein Design Laboratories. Celltech has
agreements in place with Genentech and the Medical Research Council relating to
the commercial exploitation of some of these patents. Celitech pursues the
strategy of licensing its existing antibody patents to any interested party for
products which are not directly competitive with Celltech's own products. This
policy will be pursued with the new "Adair" patent and all licensees who have
directly licensed pre-existing patents from Celltech (in particular the "Boss"
antibody engineering patents) will be offered favorable terms for the "Adair"
patent.

Commenting on the news today, Dr. Peter Fellner, CEQ, said, "Celltech has
built a very valuable platform technology in the field of antibody engineering
and the grant of this patent will further strengthen our position. We expect a
continued growth in royalty revenues from our licensed patents which will make a
significant contribution to the profitability of the company. The potential in
this area can be seen from the growing success of ReoPro(TM) (Lilly/Centocor).
Royalties on the sales of this product are paid to both Genentech and Celltech."
SOURCE Celitech Therapeutics Ltd.

MNOTE TO EDITORS:

1. The Adair product patent covers any antibody in which the antigen binding
regions from a donor antibody have been transferred to the framework of a human
antibody, and specifies certain requirements in specific amino acid residues
within the product which are necessary to recover full antigen binding activity
of the newly created antibody.

2. Antibodies are natural proteins which bind tightly and specifically to
antigens. This binding property is particularly important in praviding a
defense mechanism against infectious organisms such as bacteria and viruses.
For some time, scientists have been able to produce antibodies in the

9/26/96 EXHIBIT A
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laboratory and their availability has had a profound impact on diagnostic
medicine. In contrast, they have had little impact on therapeutic medicine,
The reason for this is that the first antibodies were derived from animal
sources. When these animal antibodies were injected into humans they induced  a
significant immune response which led to either adverse reactions or a rapid
loss of therapeutic efficacy. More recently techniques have been developed to
produce engineered human antibodies which are virtually identical to natural
human antibodies. The main advantage of these antibodies is that they do not
cause a significant immune response in man and they are very well tolerated.
Because of their good tolerance, their binding properties are being used in a
wide variety of therapeutic applications in areas such as blockade of receptor
functions in heart disease, neutralization of cytokine in rheumatoid arthritis
and Kkilling of cancer cells./

/CONTACT: Dr. David Bloxham, Chief Executive of Celltech Therapeutics
Ltd., or Peter Allen, Finance Director of Celltech Group plc, 0-1753-534655;
or Jon Coles of Brunswick, 0-171-404-5959; or Rich Tammero of Noonan/Russo
Communications, Inc., 212-696-4455 ext. 222, e-mail: news@noonanrusso.com/
08:52 EDT

0624 09/26/96 08:52 EDT HT

:TICKER: CEL.GB

:SUBJECT: BIOT PTNT ENGL USA

Copyright (c) 1996 PR Newswire

Received by NewsEDGE/LAN: 9/26/96 6:50 AM

9/26/96 2
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Eield of the Invention
The present invention relates generally to the
combination of recombinant DNA and monoclonal antibody

technologies for developing novel therapeutic agents and,
more particularly, to the proauction of non-immunogenic
antibodies specific for the human interleukin-2 receptor and
their uses.

Background of the Invention

In mammals, the immune response is mediated by two
types of cells that interact specifically with fore.jn
material, j.e., antigens. One of these cell types, B-cells,
are responsible for the production of antibodies. The second
cell class, T-cells, include a wide variety of cellular
subsets controlling the in vivo function of both B-ceclls and
a wide variety of other hematopoietic cells, including T-
cells.

One way in which T-czlls exert this control is
through the production of a lymphokine known as interleukin-2
(IL-2), originally named T-cell growth factor. 1IL-2's prine
function appears to be the stimulation and maintenznce of T-
cells. Indeed, some immunologists believe that IL-2 may be
at the center of the entire immune response (see, Farrar, J.,
et al., Immunocl. Rev. 6£3:123-166 (1982), which is
incorporated herein by reference).

To exert its biological effects, IL-2 interacts
with a speciric high-affinity membrane receptor (Greene, W.,
et al., Progress in Hematology XIV, E. Brown, Ed., Grune and
Statton, New York (1986), at pgs. 283 ff). The human IL-2
receptor is a complex multichain glycoprotein, with one

chain, known as the Tac peptide, being about 55KD in size
(see, Leorard, W., et al., J. Biol. Chem. 260:1872 (1985),
which is incorporated herein by reference). A gene encoding

this protein has bteen isolated, and predicts a 272 amino acid
peptide, including a 21 amino acid signal peptide (see,
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Leonard, W., et al., Nature 311: 626 (1984)). The 219 NH,-
terminal amino acids of the p55 Tac protein apparently
comprise an extracellular domain (see, Leonard, W., et al.,

Science, 230:633-639 (1985), which is incorporated herein by

- reference).
S Much of the elucidation of the human IL-2
* receptor's structure and function is due tc the development
of specifically reactive monoclonal antibodies. In
particular, cne mouse monoclonal antibody, known as anti-Tac
(Uchiyama, et al., J. Immunol. 126:1393 (1981)) has shown
10 that IL-2 receptors can be detected on T-cells, but also on
cells of the monocyte-macrophage family, Kupffer cells of the
- liver, Langerhans' cells of the skin and, of course,
activated T-cells. Impertantly, resting T-cellx, B-cells or
circulating machrophages typically do not displfy the IL-2
15 recepter (Herrmann, et al., J. Exp. Med. 162:1111 (198S5)).
The anti-Tac monoclonal antibody has alsc been used
to define lymphocyte functions that require IL-2 interaction,
and has been shown to inhibit varicus T-cell functions,
including the generation of cytotoxic and suppressor T
, 20 lymphocytes in cell culture. Also, based on studies with
anti-Tac and other antibodies, a variety of disorders are now
associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukemia.
More recently, the IL-2 receptor has been shown to
25 be an ideal target for novel therapeutic approaches to T-cell
mediated diseases. It has been proposed that IL-2 receptor
specific antibodies, such as the anti-Tac monoclonal
antibody, can be used either alone or as an immunoconjugate
(e.g., with Ricin A, isctopes and the like) to effectively
30 remove cells bearing the IL-2 receptor. These agents can,
for example, theoretically eliminate IL-2 receptor-expressinc
leukemic cells, certain B-cells, or activated T-cells
involved in a disease state, yet allow the retention of
mature normal T-cells and their precursors to ensure the
35 capability of mounting a normal T-cell immune response as
needed. In general, most other T-cell specific agents can
destroy essentially all peripheral T-cells, which limits the
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agents' therapeutic efficacy. Overall, the use of
appropriate monoclonal antibodies specific for the IL-2
receptor may have therapeutic utility in autoimmune diseases,
organ transplantation and any unwanted response by activated
T-cells. Indeed, clinical trials have been initiated using,
e.g., anti-Tac antibodies (see, generally, Waldman, T., et
al., Cancer Res. 45:625 (1985) and Waldman, T., Science
232:727-732 (1986), both of which are incorporated herein by
reference).

Unfortunately, the use of the anti-Tac and other
non-numan monoclonal antibodies havelcertain drawbacks,
particularly in repeated therapeutic regimens as explained
below. Mouse monoclonal antibodies, for example, do not fix
human complement well, and lack other important
immuneoglcbulin functional characteristics when used in
humans.

Ferhaps more importantly, anti-Tac and other non=-
human monoclonal antibodies contain substantial stretches of
amino acid sequences that will be immunogenic when injected
inte a human patient. Numerous studies have shown that,
after injection of a foreign antibody, the immune response
elicited by a patient against an antibody can be quite
strong, essentially eliminating the antibody's therapeutic
utility after an initial treatment. Moreover, as increasing
numbers cof different mouse or other antigenic (to humans)
monoclonal antibodies can be expected to be developed to
treat various diseases, after the first and second treatments
with any different non-human antibodies, subsequent
treatments even for unrelated therapies can be ineffective or
even dangerous in themselves.

While the production of sc=called "chimeric
antibodies" (e.g., mouse variable regions joined to human
constant regions) has proven somewhat successful, a
significant immunocgenicity problem remains. In general, the
production of human immunoglobulins reactive with the human
IL-2 receptor, as with many human antigens, has been
extremely difficult using typical human monoclconal antibedy

production techniques. Similarly, utilizing recombinant DNA
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technology to produce so-called "humanized" antibodies (see,
e.g., EPO Publication No. 0229400), provides uvncertain
results, in part due to unpredictable binding affinities.
Thus, there is a need for improved forms of human-

. like immunoglobulins specific for the human IL-2 receptor

S that are substantially neon-immunogenic in humans, yet easily
- and economically produced in a manner suitable for

therapeutic formulation and other uses. The present
invention fulfills these and other needs.

10 Summary of the Invention

The present invention provides novel compositions
: useful, for example, in the treatment of T-cell mediated
human disorders, the compositions containing human-like
immunoglobulins specifically capable of blocking the binding
15 of human IL-2 to its receptor and/or capable of binding to
the p55 Tac protein on human IL-2 receptors. The
immunoglobulins can have two pairs of light chain/heavy chain
complexes, typically at least one pair having chains
comprising mouse complementarity determining regions
; 290 functionally joined to human framework region segments. For
exanple, mouse complementarity determining regions, with or
without additional naturally-associated mouse amino acid
residues, can be used to produce human-like antibodies
capable of binding to the human IL-2 receptor at affinity
25 levels strcnger than about 10° M™'.

The immunoglobulins, including binding fragments
and other derivatives thereof, of tﬁe present inventicn may
be procduced readily by a variety of recombinant DNA
techniques, with ultimate expression in transfected cells,

30. preferably immortalized eukaryotic cells, such as myeloma or
hybridoma cells. Polynucleotides comprising a first sequence
coding for human-iike immunoglobulin framework ragions and a
second sequence set coding for the desired immunoglobulin
complementarity determining regions can be produced
is synthetically or by combining appropriate cDNA and genomic
DNA segments.

T L o R e T
e R SR DG S opl gt h S e
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i The human-like immunoglobulins may be utilized
alone in substantially pure form, or complexed with a
cytotoxic agent, such as a radionuclide, a ribosomal
inhibiting protein or a cytotoxic agent active at cell
surfaces. All of these compounds will be particularly useful

5 in treating T-cell mediated disorders. The human-like
immunoglobulins or their complexes can be prepared in a
pharmaceutically accepted dosage form, which will vary
depending on the mode of administration.
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k- Figure 1. Comparison of sequences of anti-Tac
i heavy cha‘n (upper lines) and Eu heavy chain (lower lines).
The l-letter code for amino acids is used. The first amino

- acid on each line is numbered at the left. Identical amino
k- 5 acids in the two sequences are connected by lines. The 3
'f: - CDRs are underlined. Other amino acid positions for which
4 the anti-Tac amino acid rather than the Eu amino acid was
7 used in the humanized anti-Tac heavy chain are denoted by

an =,

10 Figure 2. Comparison of sa2quences of anti-Tac
light chain (upper lines) and Eu light chain -(lower lines).
ol = The single-letter code for amino acids is used. The first
amino acid on each line is numbered at the left. Identical
amino acids in the two sequences are connected by lines. The
15 3 CDRs are underlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an *.
Figure 3. Nucleotide sequence of the gene for the
20 humanized anti-Tac heavy chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide sequence.

The nucleotides TCTAGA at the beginning and end of the gene

are Xba I sites. The mature heavy chain sequence begins with
=3 25 amino acid #20 Q.
Figure 4. Nucleotide sequence of the gene for the

humanized anti-Tac light chain variable region gene. The

translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide seguence.
30 The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature light chain sequence begins with
amino acid #21 D.
rigure S. A. Sequences of the four
oligonucleotides used to synthesize the humanized anti-Tac
s heavy chain gene, printed 5' to 3'. B. Relative positions
of the oligonucleotides. The arrows point in the 3!

direction for each oligonucleotide.
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Figure 6. (A) Sequences of the four
oligonucleotides used to synchesize the humanized anti-Tac
light chain gene, printed 5' to 3'. (B) Relative positions
of the oligonucleotides. The arrows point in the 3'
direction for each oligonucleotide. The position of a Hind
III site in the overlap of JFD2 and JFD3 is shown.

Figure 7. Schematic diagram of the plasmid
pHUGTAC1 used to express the humanized anti-Tac heavy chain.
Relevant restriction sites are shown, and coding regions of
the heavy chain are displayed as boxes. The direction of
transcription from thz immunoglobulin (Ig) promoter is shown
by an arrow. E,; = heavy chain enhancer, Hyg = hygromycin
resistance gene,

Figure 8. Schematic diagram of the plasmid pHuULTAC
used to express the humanized anti-Tac light chain. Relevant
restriction sites are shown, and coding regions of the light
chain are displayed as boxes. The direction of transcription
from the Ig promoter is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkat
cells stained with anti-Tac antibody or humanized anti-Tac
antibody followed respectively by flucorescein-conjugated goat
anti-mouse Ig antibody or goat anti-human Ig antibody, as
labeled. 1In each panel, the dotted curve shows the results
when the first antibody was omitted, and th~ solid curve the
results when first and second (conjugated) antibodies were
included as described.

Figure 10. (A) Flnorocytometry of HUT=-102 cells
stained with 0-40 ng of anti-Tac as indicated, then with
biotinylated anti-Tac, and then with phvcoerythrin-ceonjugated
avidin. (B) Fluorocytometry of HUT-102 cells stained with
the indicated antibody, then with biotinylated anti-Tac, and
then with phycoerythrin-conjugated avidin.
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DETAILED DESCRIPTION OF THZ INVENTION

In accordance with the present invention, human-
like immunoglobulins specifically reactive with the IL-2
receptor on human T-cells are provided. These
immunoglobulins, which have binding affinities of a% least
about 10° M', and preferably 10° M' to 10" M"' or stronger,
are capable of, e.g., blocking the binding cf IL-2 to human
IL-2 receptors. The human-like immunoglobulins wiil have a
human-like framework and can have complementarity determining
regions (CDR's) from an immunoglobulin, typically a mouse
immunoglobulin, specifically reactive with an epitope on p55
Tac protein. The immunoglobulins of the present invention,
which can be produced economically in large quantities, find
use, for example, in the treatment of T-cell mediated
disorders in human patients by a variety of technigues.

The basic antibody structural unit is known to
comprise a tetramer. Each tetramer is composed of two iden-
tical pairs of polypeptide chains, each pair having one
"light" (about 25kD) and one "heavy" chain (about S0-70kD).
The NH,-terminus of each chain begins a variable region of
about 100 to 110 or more amino acids primarily responsible
for antigen recognition. The COOH terminus of each chain
defines a constant region primarily responsible for effector
function.

Light chains are classified as either kappa or
lambda.

gamma, mu, alpha, delta, or epsilon, and define the

Heavy chains are classified (and subclassified) as

antibody's isotype as IgG, IgM, IgA, IgD and IgE,
respectively. Within light and heavy chains, the variable
and constant regions are joined by a "J" region of about 12
or more amino acids, with the heavy chain also including a
"D'" region of about 12 more aminc acids. (See, generallv,
Fundamental Immunology, Paul, wW., Ed., Chapter 7, pgs. 131-
166, Raven Press, N.Y. (1984), which is incorporated herein
by reference.)

The variable regions of each light/heavy chain »air
form the antibody binding site. The chains all exhibit the

same general structure of relatively conserved framework

AR o =T Y B SRR AT T n ek <
i T T R e vt nx T4 . * b e o TR o e R <
ok < .
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regions joined by three hypervariable regions, alsc callied
CDR's (see, "Sequences of Proteins of Immunological
Interest," Kabat, E., et al., U.S. Department of Health and
Human Services, (1981); and Cholthia and Lesk, J. Mol. Biol.,
186:901-917 (1987), which are incorporated herein by

reference). The CDR's from the two chains of each pair are
aligned by the framework regions, enabling binding teo a
specific epitope.

As used herein, the term "immunoglobulin" refers to
a protein consisting of one or more polypeptides
suhstantially encoded by immunoglobulin genes. The
recognized immunoglobulin genes include the kappa, lambda,
alpha, gamma, delta, epsilon and mu constant region genes, as
well as the myriad immunoglobulin variable region genes. The
immunoglobulins may exist in a variety of forms besides
antibodies: including, for example, Fv, Fab, and F(ab);, as
well as in single chains (e.g., Huston, et al., oc. Nat.
Acad. Sci. U.S.A., 85:5879-5883 (1988) and Bird, et al.,
Scizrca, 242:423-426 (1988), which are incorporated herein by
reference). (See, generally, Hood, et al., "Immunology",
Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood,
Nature, 323:15-16 (1986), which are incorporated herein by

reference).

Chimeric antibodies are antitodies whose light and
heavy chain genes have been constructed, typically by genetic
engineering, from immunoglobulin gene segments belonging to
different species. For example, the variable (V) segments of
the genes from a mouse monoclonal antibody may be joined tu
human constant (C) segments, such as 7y and +3. A typical
therapeutic chimeric antibody is thus a hybrid protein
consisting of the V or antigen=-binding domain from a mouse
antibody and the C or effector domain from a human antibody
(e.g., A.T.C.C. Accession No. CRL 9688 secretes an anti-Tac
chimeric antibody), although other mammalian species may be
used.

As used herein, the term "framework region'" refers
to those portions of immunoglobulin light and heavy chain
variable regions that are relatively conserved (i.e., other
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10
-~ than the CDR's) among different immunoglobulins in a single
species, as defined by Kabat, et al., op. cit. As used
herein, a "human-like framework region" is a framework region
that in each existing chain comprises at least about 70 or
more amino acid residues, typically 75 to 85 or more
5 residues, identical to those in human immunoglobuiins.

- As used herein, the term "human-like
immunoglobulin™ refers to an immunoglebulin comprising a
human-like framework and in which any constant region present
is substantially homologous to a human immunoglobulin

10 constant region, j.e., at least about 85-90%, preferably
about 95% identical. Hence, all parts of a human-like
immunoglobulin, except possibly the CDR's, are substantially
homologous to corresponding parts of one or more native human
immunoglobulin sequences. For example, a human-like

. 15 immunoglobulin would not encompass a chimeric mouse variable
region/human constant region antibody.

i Human-like antibodies have at least three potential
advantages over mouse or and in some cases chimeric
antibodies for use in human therapy:

20 1) because the effector portion is human, it may

interact better with the other parts of the

{ human immune system (e.g., destroy the target
: cells more efficiently by complement-depencent
: cytotoxicity (CDC) or antibody-dependent

X 25 cellular cytotoxicity (ADCC)).

; 2) The human immune system should not recognize

2 the framework or C region of the human-like

:. antibody as feoreign, and therefore the

. antibody response against such an injected

" 30 antibody should be less than against a totally
} foreign mouse antibody or a partially foreign
= chimeric antibody.
1ﬁ 3] Injected mouse antibodies have been reported
2 to have a half-life in the human circulation
gl 35 much shorter than the half-life of normal

antibodies (Shaw, D., et al., J. Immunol.
138:4534-4538 (1987)). Injected human-like
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antibodies will presumably hzve a halr-life
essentially identical to naturally occurring
human antibodies, allowing smaller and 1l2ss
frequent doses to be giwven.
- In one aspect, the present invention is directed to
3 recombinant DNA segments encoding the heavy and/or light
- chain CDR's froam an immunoglobulin capable of binding to a
desired epitope on the human IL-2 receptor, such as the anti-
Tac monoclonal antibody. The DNA segments encoding these
regions will typically be joined to DNA segments er.zoding
10 appropriate human-like framework regions. The preferred DNA
sequences, which on expression code for the polypeptide
= chains comprising tha anti-Tac heavy and light chain
hypervariable regions (with human-like framework regions),
are shown in Figures 1 and 2, respectively. Due to codon
15 degeneracy and non-critical amino-acid substitutions, other
DNA sequences can be readily substituted for those sequences,

as detailed below.
The DNA segments will typically further include an
expression control DNA sequence operably linked to the human=-
20 like antibody cuding sequences, including naturally-
associated or heterologous promotar regions. Preferably, the
expression control sequences will be eukaryotic promoter
systems in vectors capable of transforming or transfecting
eukaryotic host cells, but control sequences for prokaryotic
25 hests may also be used. Once the vector has been
incorporated into the appropriate host, the host is
maintained under conditions suitable for high level

expression of the nucleotide sequences, and, as desired, the

collection and purification of the light chains, heavy
30 chains, light/heavy chain dimers or intact antibodies,
binding fragments or other immunoglcobulin forms may follow.
Human constant region DNA seguences can be isclated
in accordance with well known procedures from a variety of
human cells, but preferably immortalized B-cells (see, Kabat
35 op. cit. and WP87/02671). Th2 CDR's for producing the
immunoglobulins of the present invention will be similarly

derived from monoclonal antibodies capable of binding to the

B et T et
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human 11,-2 recep%~r and produced in any convenient mammalian
sourc=, including, mice, rats, rabbits, or other veterbrate
capabl2 of producing antibodies by well known methods.
Suitable source cells for the DNA sequences and host cells
. for immunoglobulin expression and secretion can be obtained
5 from a number of sources, such as the American Type Culture
- Collection ("Catalogue of Cell Lines and Hybridomas,"™ Fifth
edition (1985) Rockville, Maryland, U.S.A., which is
incorpoarated herein by reference).
In addition to the human=-like immunoglobulins
1Q specifically described herein, other '"substantially
homologous" modified immunoglobulins can be readily designed
i and manufactured utilizing various recombinant DNA technigues
well known to those skilled in the art. For example, the
framework regions can vary from the sequences in Figures 3
» 15 and 4 at the primary structure level by several amino acid
substitutions, terminal and intermediate additions and
deletions, and the like. Moreover, a variety of different

human framework regions may be used singly or in combination
as a basis for the human-like immunoglobulins of the present
2a invention. 1In general, modifications of the genes may be
readily accomplished by a variety of well-known techniques,
such as site-directed mutagenesis (see, Gillman and Smith,
Gene 8:81-97 (1979) and Roberts, S. et al, Nature 328:731-734
(1987), both of which are incorporated herein by reference).

25 Alternatively, polypeptide fragments comprising
only & porticn of the primary antibody structure may be
produced, which fragments possess one or more immunoglobulin
activities (e.g., complement fixation activity). Also
because like many genes, the immunogleobulin-related genes

30 contain separate functional regions, each having one or more

distinct biological activities, the genes may be fused to

- e o
:;.*: ‘ '..: -"..

functional regions from other genes (e.g., enzymes, see,
commonly assigned U.S.S.N. 132,387, filed Dec. 15, 1987, é&
which is incorporated herein by reference) to produce fusion ﬁ'
35 proteins (e.g., immunotoxins) having novel properties. EA
§i
3
£
S
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The nucleic acid sequences ci the present iavention
capable of ultimately expressing the desired human~like
antibodies can be formed from a variety of different
polynucleotides (genomic or cDNA, RNA, synthetic
oligonucleotides, etc.) and components (e.g., V, J, D, and C
regions), as well as by a variety of different techniques.
Joining appropriate genomic sequences is presently the most
common method of production, but cDNA sequences may also be
utilized (see, European Patent Publication Nao. 0239400 and
Reichmann, L., et al., Nature 332:323-327 (1988), both of
which are incorporated herein by reference). )

As stated previously, the DNA sequences will be
expressed in hosts after the sequences have been operably
linked to (i.e., positioned to ensure the functioning of) an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.
Commonly, expression vectors will contain selection markers,
e.g., tetracycline or neomycin, to permit detection of those
cells transformed with the desired JNA sequences (see, e.9.,
U.S. Patent 4,704,362, which is incorporated herein by
reference).

E. coli is one prokaryotic host useful particularly
for cloning the DNA sequences of the present invention.
Other microbial hosts suitable for use include bacilli, such
as Bacillus subtilus, and other enterobacteriaceae, such as
Salmonella, Serratia, and various Pseudomonas species. In
these prokaryotic hosts, one can also make expression
vectors, which will typically contain expression control
sequences compatible with the host cell (e.g., an origin of
replication). 1In addition, any number of a variety of well-
known promoters will be present, such as the lactose promoter
system, a tryptophan (trp) promoter system, a beta-lactamase
promoter system, or a promoter systam from phage lambda. The
promoters will typically control expression, optionally with
an operator sequence, and have ribosome binding site
sequences and the like, for initiating and completing
transcription and translation.
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Other microbes, such as yeast, may also be used for
expression. Saccharomyces is a preferred host, with suitable
vectors having expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other
glycolytic enzymes, and an origin of replication, termination
sequences and the like as desired.

In addition to microcrganisms, mammalian tissue
cell culture may also be used to express and produce the
polypeptides of the present invention (see, Winnacker, "From
Genes to Clones," VCH Publishers, N.Y., N.¥Y. (1987), which is
incorporated herein by reference). Eukaryotic cells are
actually preferred, because a number of suitable host cell
lines capable of secreting intact immunoglobulins have been
developed in the art, and include the CHO cell lines, various
COS cell lines, Hela cells, mveloma cell lines, etc, but

preferably transformed B-cells or hybridomas. Expression
vectors for these cells can include expression control
sequences, such as an origin of replication, a promoter, an
enhancer (Queen, C., et al., Immunol. Rev. 89:49-63 (198§),
which is incorporated herein by reference), and necessary
processing information sites, such as ribosome binding sites,
RNA splice sites, polyadenylation sites, and transcriptional
termirnator sequences. Preferred expression control segquences
are promoters derived from immunoglobulin genes, SV40,
Adenovirus, Bovine Papilloma Virus, and the like.

The vectors containing the DNA segments of interest
(e.g., the heavy and light chain_gncoding sequences and
expression contral sequences) can be transferred into the
host cell by well-known methods, which vary depending on the
type aof cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment or electroporation may be
used for other cellular hosts. (See, generally, Maniatis, et

olecular Cloning: Laboratory Manual, Cold Spring

Harbor Press, (1982), which is incorporated herein by
reference.)

Once expressed, the whole antibodies, their dimers,
individual light and heavy chains, or other immunoglobulin
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forms of the present invention can be purified according to
standard procedures of the art, including ammonium sulfate
precipitation, affinitv ceolumns, column chromatography, geil
electrophoresis and the like /see, generally, Scopes, R.,

" Protein Purification, Springer-Verlag, N.Y. (1982)).

5 Substantially pure immunoglobulins of at least about %0 to
- 95% homogeneity are preferred, and 98 to 99% or more
homogeneity most preferred, for pharmaceutical uses. Once
purified, partially or to homogeneity as desired, the
polypeptides may then be used therapeutically (including
10 extracorporeally) or in developing arnd performing assay
procedures, immunofluorescent stainings, and the like. (See,
generally, Immunological Methods, Vols. I and II, Lefkovits
and Pernis, eds.,, Academic Press, New York, N.Y. (1979 and
1981)).

- 15 The antibodies of the present invention will
typically find use individually in treating a T-cell mediated
disease state. Generally, where the cell linked to a disease
has been identified as 1L-2 receptor bearing, then the human-
like antibodies capable of blocking the binding of IL-2 to

20 the human IL-2 receptor are suitable (see, U.S.S.N.

085,707, entitled "Treating Human Malignancies and

Disorders," which is incorporated herein by reference).

For example, typical disease states suitable for
treatment include graft versus host disease and transplant
25 rejection in patients undergoing an organ transplant, such as
heart, lungs, kidneys, livar, etc. Other diseases include
autoimmune diseases, such as Type-I aiabetes, multiple
sclerosis, rheumatoid arthritis, systemic lupus

erythematosus, and myasthenia gravis.

30 The human-like antibodies of the present invention
may also be used in combination with other antibodies,
particularly human monoclonal antibodies reactive with other
markers on cells responsible for the disease. For example,
suitable T-cell markers can include those grouped into the

35 so-called "Clusters of Differentiation," as named by the

First International Leukocyte Differentiation Workshop,

= ,_Q_.", T
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5 Leukocyte Typing, Bernard, et al., Eds., Springer-Veriag,
N.Y. (1984), which is incorporated herein by reference.

The antibodies can als» be used as separately

administered compositions given in conjunction with

" chemotherapeutic or immunosuppressive agents. Typically, the
' 8 agents will include cyclosporin A or a purine analog (e.c.,
. methotrexate, 6-mercaptopurine, or the like), but numerous

additional agents (e.g., cyclophosphamide, prednisone, etc.)
well-known to those skilled in the art may also be utilized.
A preferred pharmaceutical composition of the
. ic present invention comprises the use of the subject antibodies
in immunotoxins. Immunotoxins are characterized by tio
- components and are particularly useful for killing selected
cells in vitro or in vivo. One component is a cytotoxic
agent which is usually fatal to a cell when attached or
- 15 absorbed. The second component, known as the "delivery
vehicle," provides a means for delivering the toxic agent to
a particular cell type, such as cells comprising a carcinoma.
The two components are commonly chemically bonded together by
any of a variety of well-known chemical procedures. For
20 example, when the cytotoxic agent is a protein and the second
component is an intact immunoglobulin, the linkage may be by
way of heterobifunctional cross-linkers, e.g., SPDP,
carbodiimide, glutaraldehyde, or the like. Production of
various immunotoxins is well=-known with the art, and can be
25 found, for example in "Monoclonal Antibody-Toxin Conjugates:
Aiming the Magic Bullet," Thorpe et al, Monoclonal Antibodies
in Clinical Medicine, Academic Press, pp. 168-190 (1982),

which is incorporated herein by reference.
A variety of cytotoxic agents are suitable for use

30 in immunotoxins. Cytotoxic agents can include

radionuclides, such as Iodine-131, Yttrium=-90, Rhenium-1i88,

and Bismuth-212:; a number of chemotiierapeutic drugs, such as

vindesine, methotrexate, adriamycin, and cisplatinm: and

cytotoxic proteins such as ribosomal inhibiting proteins like
35 pokeweed antiviral protein, Pseudomonas exotoxin A, ricin,

diphtheria toxin, ricin A chain, etc., or an agent active at

the cell surface, such as the phospholipase enzymes (e.g.,
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- phospheolipase C). (See, gepnerally, commonly assigned
U.5.8.N. (Townsend and Townsend Docket No. 11823-
7-2) filed concurrently herewith, "Chimeric Toyins," Olsnes
and Phil, Pharmac. Ther., 25:355-381 (1982), and "Monoclonal
& Antibodies for Cancer Detistion and Therapy," eds. Baldwin
S and Byers, pp. 159-179, 224-266, Academic Press (1985), all

- of which are incorporated herein by reference.)

The delivery component of the immunotoxin will
include the human-like immunoglobulins of the present
invention. Intact immunogleobulins or their binding

- 10 fragments, such as Fab, are preferarly used. Typically, the
antibodies in the immunotoxins will be ot the human IgM or

4 IgG isotype, but other mammalian constant regions may be
utilized as desired.

The human-like antibodies and pharmaceutical

g 15 compositions thereof of this invention are particularly
useful for parenteral administration, ji.e., subcutaneously,
intramuscularly or intravenously. The compositions for
parenteral administration will commonly comprise a solution
of the antibody or a cocktail thereof dicsolved in an accept-

.

w
i

v
S

20 able carrier, preferably an agueous carrier. A variety of

§ o b
A0

Lk t‘{:'»:";.'&-

agueous carriers can be used, e.g., water, buffered water,
0.4% saline, 0.3% glycine and the like. These solutions are
sterile and generally free of particulate matter. These
compositions may be sterilized by conventional, well known

25 sterilization techniques. The compositions may contain
pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions such as pH adjusting
and buffering agents, toxicity adjusting agents and the like,
for example sodium acetate, sodium chloride, potassium

30 chloride, calcium chloride, sodium lactate, etc. The
conce tration of antibody in these formulations 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.,

35 in accordance with the particular mode of administration

selected.
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Thts, a typical pharmaceutical coaposition for
intramuscular injection could be made up to contain 1 ml
sterile buffered water, and 50 mg of antibody. A typical
composition for intravenous infusion could be made up to
contain 250 ml of sterile Ringer's solution, and 150 mg of
antibody. Actual methods for preparing parenterally
administrable compositicns will be known or apparent to those
skilled in the art and are described in more detail in, for
example, Remington's Pharmace tical Science, 15th ed., Mack
Publishing Company, Easton, Pennsylvania (1980), which 1is
incorporated  herein by reference.

The antibodies of this invention can be lyophilized
for storage and reconstituted in a suitable carrier prior to
use. This technique has been shown to be effective with
conventional immune globulins and art-known lyophilization
and reconstitution techniques can be employed. It will be
appreciated by those skilled in the art that lyophilization
and reconstitution can lead to varying degrees of antibody
activity loss (e.g., with conventional imnune globulins, 1gM
antibodies tend to have greater activity less than IgG
antibodies) and that use levels may have to be adjusted to
compensate.

The compositions containing the present human-like
antibodies or a cocktail thereof can be administered for
prophylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient
already suffering from a disease, in an amount sufficient to

cure or at least partially arrest the disease and its

complications. An amount adequate to accomplish this is
defined as a "therapeutically effective dose." Amounts
effective for this use will depend upon the severity of the
infecticn and the general state of the patient's own immune
system, but generally range from about 1 to about 200 rg of
antibody per dose, with dosages of from 5 to 25 mg per
patient being more commonly used. It must be kept in mind
that the materials of this invention may generally be
employed in serious disease states, that is life-threatening
oy potentially life-threatening situations. In such cases,
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. in view of the minimization of extraneous substanczs znd the
- lower probability of "foreign substance" rejections which are
achieved by the present human-like antibodies of this in-
vention, it is possible and may be felt desirable by the
treating physician to administer substantial excesses of
these antibodies.

In prophylactic applications, compositions
containing the present antibodies or a cocktail thereof are
administered to a patient not already in a disease state to
enhance the patient's resistance. Such an amount is defined
to be a "prophylactically effective dose." In this use, the
precise amounts again depend upon the patient's state of
health and general level of immunity, but generally range
from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per
patient. A preferred pruphylactic use is for the prevention
of kidney transplant rejection.

Single or multiple administrations of the
compositions can be carried out with dose levels and pattern
being selected by the treating physician. In any event, the
pharmaceutical formulations should provide a quantity of the
antibody(ies) of this invention sufficient to effectively
treat the patient.

Human-like antibodies of the present invention can
further find a wide variety of utilities ip vitro. By way of
example, the antibodies can be utilized for T-cell typing,
for isolating specific IL-2 receptor bearing cells or
fragments of the receptor, for vaccine preparation, or the
like.

For diagnostic purposes, the antibodies may either
be labeled or unlabeled. Unlabeled antibodies can be used in
combination with other labeled antibodies (second antibodies)
that are reactive with the human-like antibody, such as anti-
bodies specific for human immunoglobulin constant regions.
Alternatively, the antibodies can be directly labeled. A
wide variety of labels may be employed, such as
radionuclides, fluors, enzymes, enzyme substrates, enzyme co-

factors, enzyme inhibiters, ligands (particularly haptens),
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- etc. Numerous types of immunoassays are available and are
A wall known to those skilled in the art.
b= _ Kits can alsoc ke supplied for use with the subject

¥ antibodies in the protection against or detection of a

ft a cellular activity or for the presence of a selected antigen.
*: - 5 Thus, the subject antibody composition of the present

ci' - invention may be provided, usually in a lyophilized form in a
té container, either alone or in conjunction with additional

? antibodies specific for the desired cell type. The

i?r antibodies, which may be conjugated to a label or toxin, or

- 10 unconjugated, are included in the kits with buffers, such as
Tris, phosphate, carbonate, etc., stabilizers, biocides,
inert proteins, e.g., serum albumin, or the like, and a set
of instructions for use. Generally, these materials will be
present in less than about 5% wt. based on the amount of

15 active antibody, and usually present in total amount of at

least about 0.001% wt. based again on the antibody

concentration. Frequently, it will be desirable to include
an inert extender or excipient to dilute the active
ingredients, where the excipient may be present in from apout
20 1 to 99% wt. of the total cowmposition. Where a second
antibody capable of binding to the chimeric antibody is
employed in an assay, this will usually be present in a
separate vial. The second antibody is typically conjugated
to a label and formulated in an analogous manner with the
25 antibody formulations described above.
The following examples are offered by way of
illustration, not by limitation.
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EXPERIMENTAL
- Design of genes for human-]like light and heavy chains
The sequence of the human antibody Eu (Sequences of
Proteins of Immunological Interest, Kabat, E., et al., U.S.
Dept. of Health and Human Services, 1983) was used to provide
A 5 the framework of the humanized antibody, because the amino
= acid sequence of the heavy chain of anti-Tac is more
homologous to the heavy chain of this antibody than to any
other heavy chain sequance in the National Biomedical
Foundation Protein Identification Resource.
10 To select the sequence of the humanized heavy
chain, the anti-Tac heavy chain seguence (see, commonly
- assigned U.S.S.N.'s 186,862 and 223,037, which are
incorporated herein by reference) was aligned with the
sequence of the Eu heavy chain (Figure 1). At each
15 position, the Eu amino acid w~as selected for the humanized
sequence, unless that position fell in any one of the
B following categories, in which case the anti-Tac amino acid
was selected.

(1) The position fell within a complementarity

20 determining region (CDR), as defined by Kabat,
et al., op. cit. (amino acids 31-35, 50-66,
99-106) ;

(2) The Eu amino acid was unusual for human heavy

chains at that position, whereas the anti-Tac

25 amino acid was typical for human heavy chains
at that position (amino acids 27, 93, 95, 98,
107-109, 111);

(3) The position was immediately adjacent to a CDR
in the amino acid sequence of the anti-Tac

30 heavy chain (amino acids 30 and 67).

(¢) 3-dimensional modeling of the anti-Tac
antibody suggested that the amino acid was
physically close to the antigen binding region
(amino acids 48 and 68).

35

Some amino acids fell in more than one of these categories

but are only listed in one.
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To =salect the sequence of the humanized light
chain, the anti-Tac light chain sequence was aligned with the
segquence of the Eu light chain (Figure 2). The Eu amino
acid was selected at each position, unless the position again
fell into one of the categories (1) - (4), (with light chain
replacing heavy chain in the category definitions):

(1) CDRs (amino acids 24-34, 50-56, 89-97),

(2) Anti-Tac amino acid more typical than Eu

(amino acids 48 and 63).

(3) Adjacent to CDRs (no amino acids: Eu and
anti-Tarc were already the same at all these
positions).

(4) Possible 3-dimensional proximity to binding
region (amino acid 60).

The actual nucleotide sequence of the heavy

(Figure 3) and light chain (Figure 4) genes were selected as
follows:

(1) the nucleotide sequences code for the amino
acid sequences chosen as described above.

(2) 5' of these coding sequences, the nucleotide
sequences code for a leader (signal) seguence,
namely the leader of the light chain of the
antibody MOPC 63 and the leader of the heavy
chain of the antibody PCH 108A (Kabat et al.,
op. cit.). These leader sequences were checsen
as typical of antibodies.

(3) 3' of the coding sequences, the nucleotide
sequences are the sequences that follow the
mouse light chain J5 segment and the mouse
heavy chain J2 segment, which are part of the
anti-Tac sequences. These sequences are
included because they contain splice donor
signals.

(4) At each end of the seqﬁence is an Xba I site
to allow cutting at the Xba I sites and
cloning into the Xba I site of a vector.
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Construction of humanized light and heavy cha'n genes

To synthesize the heavy chain, four
oligonucleotides HES12, HES13, HES14, HES15 (Figure 5A) were
synthesized using an Applied Biosystems 3B0B DNA synthesizer.

Two of the oligonucleotides are part of each strand of the
heavy chain, and each oligonucleotide overlaps the next one
by about 20 nucleot.des to allow annealing (Figure 5B).
Together, the oligonucleotides cover the entire humanized
heavy chain (Figure 3) with a few extra nucleotides at each
end to allew cutting at the Xba I sites. The
cligonucleotides were purified from polyacrylamide gels.

Each oligonucleotide was phosphorylated using ATP
and T4 polynucleotide kinase by standard procedures (see,
Maniatis, op. cit.). To anneal the phosphorylated
oligonucleotides, they were suspended together in 40 ul of TA
(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM
magnesium acetate) at a concentration of about 3.75 uM each,
heated to 95 deg for 4 min. and cocled slowly to 4 deg. To
synthesize the complete gene from the oligonucleotides by
synthesizing the opposite strand of each oligonucleotide
(Figure S5B), the following components were added in a final
volume of 100ul:

10 ul annealed oligonucleotides
0.18 mM each deoxyribonucleotide

0.5 mM ATP

0.5 mM DTT

100 ug/ml BSA

3.5 ug/ml T4 g43 protein (DNA polymerase)

25 ug/ml T4 g44/62 protein (polymerase
accessory protein)

25 ug/ml 45 protein (polymerase accessory
protein)

The mixture was incubated at 37 deg for 30 min.
Then 10 u of T4 DNA ligase was added and incubation at 37 deg
resumed feor 30 min. The polymerase and ligase were
inactivated by incubation of the reaction at 70 deg for
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15 min. . Tc digest the gene with Xba I, to the reaction was
= added 50 ul of 2x TA containing BSA at 200 ug/ml and DTT at 1
mM, 43 ul of water, and 50 u of Xba I in S ul. The reaction
was incubated for 3 hr at 37 deg, and run on a gel. The 431
bp Xba I fragment was purified from a gel and cloned into the
S Xba I site of the plasmid puUC19 by standard methods. Four
= plasmid isolates were purified and sequenced using the
dideoxy method. One of these had the correct seguence
(Figure 3).
To synthesize the light chain, four
: 10 oligonucleotides JFD1, JFD2, JFD3, JFD4 (Figure 6A) were
synthesized. Two of the oligonucleotides are part of each
- strand of the light chain, and each oligonucleotide overlaps
the next one by about 20 nucleotides to allow annealing
(Figure 6B). Together, the oligonucleotides cover the entire
= 15 humanized light chain (Figure 4) with a few extra nucleotides
at each end to allow cutting at the Xba I sites. The
oligonucleotides were purified from polyacrylamide gels.
The light chain gene was synthesized from these
olignucleotides in two parts. 0.5 ug each of JFD1 and JFD2
20 were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH
7.5, 20 mM magnesium chloride, 50 mM sodium chloride), heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in
order for the oligonucleotides to anneal. JFD3 and JFD4 were
treated in the same way. Each reaction was made 10 mM in DTT
and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase
(US Biochemicals) was added, in a final volume of 24 ul, and
incubated for 1 hr at 37 deg to synthesize the opposite
strands of the oligonucleotides. Xba I and Hind I1I were
added to each reaction to digest the DNA (there is a Hind III
site in the region where JFD2 and JFD3 overlap and therefore
in each of the synthesized DNAs; Figure 6B). The reacticns
were run on polyacrylamide gels, and the Xba I - Hind III
fragments were purified and cloned into pUC18 by standard
methods. Several plasmid isolates £or each fragment were
sequenced by the dideoxy method, and correct ones chosen.
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Construction of plasmids to express humanized light apd lieavy
@ chajins
The heavy chain Xba I fragment was isclated from
the pUCl9 plasmid in which it had been inserted and then
2 inserted into the Xba I site of the vector pV4l (see,
5 commonly assigned U.S.S.N. 223,037) in the correct
. orientation by standard methods, to produce the plasmid

pHUGTACl (Figure 7). This plasmid will express high levels
of a complete heavy chain when transfected intc an
appropriate host cell.

The two light chain Xba I - Hind III fragments were
isclated from the pUC18 plasmids in which they had been
inserted. The vector plasmid pVsl (see, commonly assigned
U.S.S.N. 223,037) was cut with Xba I, deplhcsphorylated and
ligated with the two fragments by standard methods. The
desired reaction product has the circular form: vecter - Xba
I - fragment 1 = Hind III =- fragment 2 - Xba I - vector.
Several plasmid isolates were analyzed by restriction mapping
and sequencing, and one with this form chosen. This plasmid,
pHULTAC (Figure 8), therefore contains the complete humanized
light chain (Figure 4) and will express high levels of the
light chain when transfected inte an appreopriate host cell.

Synthesis and affinity of humanized antibody

The plasmids pHuGTAC1l and pHULTAC were transfected
into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the basis of resistance to
mycophenolic acid and/.> hygromycin B conferred by the gpt
and hyg genes on the plasmids (Figures -7,8) by standard
methods. To verify that these cells secreted antibody that
binds to the IL-2 receptor, supernatant from the cells was
incubated with HUT-102 cells that are known to express the
IL-2 receptor. After washing, the cells were incubated with
fluorescein-conjugated goat anti-human antibody, washed, and
analyzed for fluorescence on a FACSCAN cytofluorometer. The
results (Figure 9A), clearly show that the humanized antibody
binds to these cells, but not to Jurkat T-cells that do not

express the IL-2 receptor (Figure 9D). As controls, the

L e T = Bias 2 B B ey i gl o S B s e L S
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original mouse anti-Tac antibody was also used to stain these
cells (Figure 9B,C), giving similar results.

For further experiments, cells producing the
humanized antibody were injected into mice, and the resultant
ascites collected. Humanized antibody was purified to
substantial homogeneity from the ascites by passage through
an affinity column of goat anti-human immuneglobulin
antibody, prepared on an Affigel-10 support (Bio-Rad
Laborateories, Inc., Richmond, CA) according to standard
techniques. To determine the affinity of the humanized
antibody relative to the original anti-Tac antibedy, a
competitive binding experiment was performed, About 5 x 10°
HUT-102 cells were incubated with known gquantities (10 - 40
ng) of the anti-Tac antibody and the humanized anti-Tac
antibody for 10 min at 4 deg. Then 100 ng of bictinylated
anti-Tac was added to the cells and incubated for 30 min a%t 4
deqg. This quantity of anti-Tac had previously been
determined to be sufficient to saturate the binding sites on
the cells, but not Lo be in large excess. Then the cells
were washed twice with 2 ml of phosphate buffered saline
(PBS) containing 0.1% sodium azide. The cells were then
incubated for 30 min at 4 deg with 250 ng of
phycoerythrin-conjugated avidin, which bound to the
biotinylated anti-Tac already bound to the cells. The cells
were washed again as above, fixed in PBS containing 1%
parafermaldehyde, and analyzed for fluorescence on a FACSCAN
cytofluorometer.

Use of increasing amounts (10 - 40 ng) of the
anti-Tac antibody as competitor in the first step decreased
the amount of biotinylated anti-Tac that could bind to the
cells in the second step, and therefore the amount of
phycoerythrin-conjugated avidin that bound in the last step,
thus decreasing fluorescence (Figure 10A). Equivalent
amounts (20 ng) of anti-Tac, and humanized anti-Tac used as
competitor decreased the fluorescence to approximately the
same degree (Figure 10B). This shows that these antibodies
have approximately the same affinity, because if one had
greater affinity, it would have more effectively competed
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- with the biotinylated anti-Tac, thus decreasing fluorescence
more.

iologjca operties of the humanjzed aptib
For optimal use in treatment of human disease, the
] humanized antibody should be able to destroy T-cells in the
L body that express the IL-2 receptor. One mechanism by which
antibodies may destroy target cells is antibody-dependent
cell-mediated cytotoxicity, abbreviated ADCC (Fundamental
Immunology, Paul, W., Ed., Raven Press, New York (1984), at
‘ 10 pg. 681), in which the antibody forms a bridge between the
target cell and an effector cell such as a macrophage that
- can lyse the target. To determine whether the humanized
antibody and the original mouse anti-Tac antibody can mediate
ADCC, a chromium release assay was performed by standard
. 15 methods. Specifically, human leukemia HUT=-102 cells, which
express the IL-2 receptor, were incubated with °'Cr to allow
them to absorb this radionuclide. The HUT-102 cells were
then incubated with an excess of either anti-Tac or humanized
anti-Tac antibody. The HUT-102 cells were next incubated for
20 4 hrs with either a 30:1 or 100:1 ratio of effector cells,
which were normal purified human peripheral blood mononuclear
cells that had been activated by incubation for about 20 hrs
with human recombinant IL-2. Release of ”Cr, which indicated
lysis of the target HUT-102 cells, was measured and the
25 background subtracted (Table 1). The results show that at
either ratio of effector cells, anti-Tac did not lyse a
significant number of the target cells (less than 5%), while
the humanized antibody did (more than 20%). Hence, the
humanized antibody is likely to be more efficacious than the
30 original mouse antibody in treating T-cell leukemia or other
T-cell mediated diseases.

T = PR TS T T
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TABLE 1

Percent °'Cr release after ADCC

Effector: arget ti
30:1 100:1

Antibedy
Anti=Tac 4% < 1%

Humanized 24% 23%
anti-Tac

— e aa W i v 2 21 = AT i Syt b g by I T WO i e e
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- From the foregoing, it will be appreciated that ctne
human-like immunoglobulins of the present invention offer
numerous advantages of other human IL-2 receptor-specific
antibodies. 1In comparison to anti-Tac mouse monoclonal
antibodies, the present human-like immunoglobulin can be more

S 2conomically produced and contain substantially less foreign
|} amino acid sequences. This reduced likelihood of
antigenicity after injection into a human patient represents
a significant therapeutic improvement.
Although the present invention has been described

- 10 in sone detail by way of illustration and exzmple for

purposes of clarity and understanding, it will be apparent

= that certain changes and modifications may be practiced

within the scope of the appended claims.

- 15
¢
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25
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35
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1, A composition comprising a substantially pure
human-like immunoglobulin specifically reactive with p55 Tac
- protein.

v 25 A composition according to Claim 1, wherein
the immunoglobulin comprises two pairs of light/heavy chain
dimers, wherein each chain comprises a variable region and a
constant region.

10
i A compositior. according to Claim 2, wherein a

3 variable region of at least one chain comprises at least
about 75 amino acids from a human immunoglobulin variable
region framework.

) 4, A composition comprising a substantially pure
human-like immunoglobulin capable of inhibiting binding of
human interleukin-2 (IL-2) to a human IL-2 receptor.

20 7 A composition according to Claims 1 or 4,
. wvherein the immunoglobulin exhibits a binding affinity to a
human IL-2 receptor of about 10° M' or stronger.

6. A composition according to Claims 1 or 4,
25 wherein the immunoglobulin comprises complementarity
determining regions from one immunoglobulin and framework
regions from at least one different immunoglobulin.

7 A recombinant immunoglobulin composition
30 comprising a human-like framework and one or more foreign
complementarity determining regions not naturally associated

with the framework, wherein said immunoglobulin is capable of

binding to a human interleukin-2 receptor.

1_.
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B. A ccmposition according to <laim 7, wherein
one or more of the foreign CDR's are substantially homologous
to a CDR from an immunoglcbulin reactive with human p55 Tac
protein.

9. A composition according teo Claim 7, wherein
all of the foreign CDR's are located on heavy chains of the
immunoglobulin.

10. A composition according to Claim 7, wherein
the immuneoglobulin is an IgG, immunoglobulin isotype.

11. A composition according to Claim 7, wherein
the mature light and heavy variable region protein sequences
are substantially homologous to the sequences in Figures 3
and 4.

12. A human-like immunoglobulin having two pairs
of light chain/heavy chain dimers and capable of specifically
reacting with an epitope on a human interleukin-2 receptor
with an affinity of at least about 10® M"', said light and
heavy chains comprising complementarity determining regions
(CDR's) and human-like framework regions, wherein the CDR's
are from different immunoglobulin mclecules than the
framework regions.

13. An immanoglobulin according to Claim 12, which
binds to an =pitope located on a p55 Tac protein.

14. An immunoglobulin according to Claim 12, which
is capable of blocking the binding of interleukin-2 (IL-2) to
human IL-2 receptors.

15. An immunoglebulin according to Claim 12;
wherein the human-like framework regions comprise amino acids

sequences from at least two human immunoglobulins.
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16. An immunoglobulin according to Claim 12,

wherein the CDR's are from a mouse immunoglobulin.

17. A humanized immunoglobulin capable of binding
to human interleukin-2 receptors, said immunoglobulin
comprising one or more complementarity determining regions

(CDR's) from anti-Tac antibody in a human=like framework.

18. A humanized immunoglobulin according to Claim
17, wherein the human framework is substantially homologous

to an Eu immunoglobulin framework.

19. A humanized immunoglobulin according to Claim
17, having a mature heavy chain variable sequence as shown in

Figqure 3, an. = mature light chain sequence as shc.'n in

Figure 4.

20. A humanized immunoglobulin according to Claim I
17 which is capable of blocking the binding of IL-2 to

interleukin-2 receptors on human T-cells.

21. A method of treating T-cell mediated disnrders
in a human patient, said method comprising administering to
said patient a therapeutically effective dose of an

immunoglobulin according to Claims 1, 5, 12, or 17.

22. An immuneglobulin according to Claims 1, 5,

12, or 17 which was produced in a myeloma or hybridoma cell.

23. A human-like immunoglobulin heavy chain
comprising a human-like heavy chain framework region and a
hypervariable region which is substantially identical to a
monoclonal antibody heavy chain hypervariable region secreted
by the cell line designated A.T.C.C. Accession No. CRL 9688.

615 of 1033 Bl Exhibit 1002



' —

33

24. A human-like immuncglobulir lighbt cliain
comprising a human light chain framework region and a
hypervariable region which is substantially identical to a
monoclonal antibedy light chain hypervariable region secreted
by the cell line designated A.T.C.C. Accession No. CRL 9688.

25. A polynucleotide molecule comprising a first
sequence coding for human-like immunogleobulin framework
regions and a second sequence coding for one or more mouse
immunoglobulin complementarity determining regions, wherein
upon expression said polynucleotide encodes an immunoglobulin
specifically reactive with p55 Tac protein and capable of
blocking the binding of interleukin-2 (IL-2) to the IL-2

receptor on human T-cells.

26. A cell line transfected with a polynucleotide
of Claim 25.

. x M S,
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MOVLY, :I1-2 RECEPTOR-SPECIFIC HUMAN IMMUNOGLOBULINS

ABSTRACT OF THE DISCLOSURE
Human-like immunoglobulins specifically reactive
with human IL-2 receptors are prepared employing recombinant
DNA technology for use in, e.q., treatment of T-cell mediated
disorders.
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FIGURE 3

10 20 30 40 50 60
TCTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGSGCGTGCALT
~ Rl ey R e sl e Nl e - (i T g R T

70 80 90 100 110 120
CTCAGGTCCAGCTTGTCCAGICTGGGG O IGAACTCAAGAAACCTGGCTCGAGCGTGAAGG
S Al TR G 8BRS BN OR B RGeS A R

120 150 150 160 170 130
CCTCCTGCAAGGITICTGGCTACACCTTTACTAGCTACAGGATGCACTGGGTAAGGCAGS
LA AN R S G N SE ST R TR M W R

130 200 210 220 230 240
CCCCTGGACAGGGTCTGGAATCGATTGGATATATTAATCCGTCGACTGGGTATACTGAAT
RN e BT I E SR e e i N SR e 8 o R E

250 260 270 280 290 300
ACAATCAGAAGTTCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCCT
g~ R g, WARSEORY SRR T BT A BB S T T IR LA

310 320 330 340 350 360

ACATGGAACTGAGCAGCCTGAGATCTGAGGACACCGCAGTCTATTACTGTGCAAGAGSSS
- RS R RS AT R S e nEDe T e P T W YRR e

76 Jgo z90 400 410 «20
GGGLGESTCTTTGACTACTGGGGCCAAGGAACCCTGETCACAGTCTCCTCAGGTGAGTCCT
G W B A MR oG STl S T WY 55 B

530
TAAAACCTCTAGA
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FIGURE 5

AGCTTCTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGLGTS
CACTCTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCST

AAGGTC

CCCAGTCGANGGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCCTTAL
CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGST
CGAGCCAGG

TATATTAATCCGTCGACTGGGTATACTGAATACAATCAGAAGTTCAAGGACAAGGCAACA
ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAS

GACA

ATATCGTCTAGAGGTTTTAAGGACTCACCTGAGGAGACTGTGACCAGGGTTCCTTGGCCT
CAGTAGTCAAAGACCCCCCCCCCTCTTGCACAGTAATAGACTGCGGTGTCCTCAGATCTS

AGGCTGCT
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JFD1 CAAATCTAGATGGAGACCGATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCCAGGA
g TCAACCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGAT
3 JFD2 ATAAATTAGAAGCTTGGGAGCTTTGCCTGCCTTCTGCTGGTACCA STGCATGTAACTTAT
3 ACTTGASCTGGCAGAGCAGG TTATGGTGACCCTATCCCCGACGCTAGCAGAGAS
2 JFD3 GCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTS
: AGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGCCAGATGAT
9 TTC
& JFD4 TATATCTAGAAAAGTGTACTTACGTTTGACSTCCACCTTGGTCCCCTGACCGAACGTGAG
3 TGGGTAAGTACTCCTTTGATGGCAGTAATAAGTGGCGAAATCATCTGGCTGCAGAGAGCT
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DESIGNING IMPROVED HUMANIZED IMMUNOGLOBULINS

CROSS-REFERENCE TO REIATZD APPLICATION
This is a continuation-in-part application of
5 commonly assigned patent application U.S.S.N. 290,975, filed
December 28, 1988, which is incorporated herein by reference.

Tield of the Invention

The cresent invention relates generally to the
10 combination of recombinant DNA and monoclonal antibody

technologies fcr develaoping novel therapeutic agents and,
more particularly, to the preoduction of ron-immunogenic
antibodies having strong affinity for a predetermined
antigen.

- 15
Sackecround of the Invention
The advent of monoclonal antibody technology in th2
mid 1970's heralded a new age of medicine. For the first
time, researchers and clinicians had access to essentially
20 unlimited quantities of uniform antibodies capable of kincing
to a precdetermined antigeniz site and havirng various

immunological effector functions. These proteins, kncwn 2as

e SR PR TR

"monoclonal antibodies" were thought to hold great promise

in, e.g., the removal of harmful cells in vivo. Indeec, the

25 clinical value of monoclonal antibodies seemed limitless for
this use alone.

Unfortunately, the development of appropriate
therapeutic products based on these proteins has been
severely hampered by a number of drawbacks inherent in

30 monoclonal antibedy production. For example, most moncclonezl
antibodies are mouse derived, and thus do not fix human

AMﬁmu r e e e stk e e 1

complement well. They also lack other important

o

immunoglobulin functional characteristics when used in
humans.

a5 Perhaps most importantly, non-human monoclonal
antibodies contain substantial stretches of amino acid

saquences. that will be immunogenic when injected into a human
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patient. Numerous studies have shown that after injectlon of
a foreign antibod?, the immune response mounted by a patient
can be quite strong, essentially eliminating the antibody's
therapeutic utility after an initial treatment. Moreover, as
increasing numbers of different mouse or other antigenic (to
humans) monoclonal antibodies can be expected to developed to
treat various diseases, after the first or second treatments
with any non-human antibodies, subseguent treatments, even
for unrelated therapies, can be ineffective or even dangeraus
in themselves.

While the production of so called "chimeric
antibodies" (e.g., mouse variable regions joined to human
constant regions) has proven somewhat successful, a
significant immunogenicity problem remains. Moreover,
efforts to immortalize human B-cells or generate human
hybridomas capable of producing human immunoglcobulins against
a desired antigen have been generally unsuccessful,
particularly with many important human antigens. Most
recently, recombinant DNA technology has been utilized to
produce immunoglobulins which have human framework regions
combined with complementarity determining regions (CDR's)
from a donor mouse or rat immunoglobulin (see, e.g., EPO
Publication No. 0239400, which is incorporated herein by
reference). These new proteins are called "humanized
immunoglobulins" and the process by which the donor
immunoglobulin is converted into a human-like immunoglobulin
by combining its CDR's with a human framework is called
"humanization". Humanized antibodies are important because
they bind to the same antigen as “he original antibodiwus, =ut
are less immunogenic when injected into humans.

However, a major problem with present humanization
procedures has been a loss of affinity for the antigen,
usually by at least 2 to 3-fold (Jones et al., Nature,
321:522-525 (1986)) and in some instances as much as 10-fold
or more, especially when the antigen is a protein (Verhoeyen
et a2l., Science, 239:1534-1536 (1988)). Loss of any affinity
is, of course, highly undesirable. At the least, it means
that more of the humanized antibody will have to be injected
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inta the patient, at higher cost and greater risk of adverse
effects. Even more critically, an antibody with reduced
affinity may have poorer biclogical functions, such as
complement lysis, antibody-dependent cellular cytotoxicity,
or virus neutralization. For example, the loss of affinity
in the partially humanized antibody HuVHCAMP may have caused
it to lose all ability to mediate complement lysis (see,
Riechmann et al., pNature, 332:323-327 (1983):; Table 1).

Thus, there is a need for improved means for
producing humanized antibodies specifically reactive with
strong affinity to a predetermined antigen. These humanized
immunaoglabulins should remain substantially non-immunogenic
in- humans, yet be easily and economically produced in a
manner suitable for therapeutic formulation and other uses.
The present invention fulfills these and other needs.

Summarv of the Tnvention

The present invention provides novel methods for
designing humanized immuncqlobulin chains having one or more
complementarity determining regions (CDR's) from a donor.
immunoglobulin and a framework region f£from a human
immunoglabulin, the preferred methods comprising first
comparing the framework or variable region amino acid
sequence aof the donor immunoglobulin to corresponding
sequences in a collection of human immunoglobulin chains, and
selecting as the human immunoglobulin one of the more
homalogous sequences from the collection. The human
immunoglaobulin, or acceptor immunoglobulin, sequence is
typically selected from a cellection of at least 10 to 20
immunotlobulin chain sequences, and usually will have the
highest homology to the donor immuncglobulin sequence of any
sequence in the collection. The human immunoglobulin
framewark sequence will typically have about 65 to 70%
homolagy or mare to the donor immunoglobulin framework
sequences. The donor immunoglobulin may be either a heavy
chain or light chain (or both), and the human collection will
contain the same kind of chain. A humanized light and heavy
chain can be used to form a complete humanized immunoglobulin
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or antibody, having two light/heavy chain pairs, with or
without partial or full-length human constant regions and
other proteins.

In another embodiment of the present invention,
either in conjunction with the above comparison step or
separately, additional amino acids in an acceptor
immunogleobulin chain may be replaced with amino acids form
the CDR-donor immunogleobulin chain. More specifically,
further optional substitutions of a human framework amino
acid of the acceptor immuncglobulin with a corresponding
amino acid from a donor immunoglobulin will be made at
positions in the immunoglobulins where:

(a) the amino acid in the human framework region
of an acceptor immunoglobulin is rare for that position and
the corresponding amino acid in the donor immunoglobulin is
commeon for that position in human immunoglobulin secuences:
or

(b) the amino acid is immediately adjacent to one
of the CDR's; or

(¢) the amino acid is predicted to be within apcut
3A of the CDR's in a three-dimensional immunoglobulin model
and capable of interacting with the antigen or with the CDR'‘s
of the humanized immuncglobulin.

The humanized immunoglobulin chain will typically
comprise at least about 3 amino acids from the donor
immunoglobulin in addition to the CDR's, usually at least one
of which is immediately adjacent to a CDR in the donor
immunoglobulin. The heavy and light chains may each be
designed by using any one or all three of the position
criteria.

When combined into an intact antibody, the
humanized light and heavy chains of the present invention
will be substantially pon-immunogenic in humans and retain
substantially the same affinity as the donor immunoglobulin
to the antigen (such as a protein or other compound
containing an epitope). These affinity levels can vary from
about 10® M™! or higher, and may be within about & fold of
the donor immunoglobulin's original affinity to the antigen.
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Once designed, the immunoglobulins, including
binding fragments and other immunoglobilin forms, of the
present invention may be produced readily by a variety of
recombinant DNA or other techniques. Preferably,
polvnucleotides encoding the desired amino acid sequences are
produced synthetically or by joining appropriate nucleic acid
sequences for expression in a suitable host (e.g., cell
culture). The humanized immunoglobulins will be particularly
useful in treating human disorders susceptible to monoclonal
antibody therapy, but find a variety of other uses as well.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Comparison of sequences of anti-Tac
heavy chain (upper lines) and Eu heavy chain (lower lines).
The l-letter code for amino acids is used. The first amino
acid on each line is numbered at the left. Identical amino
acids in the two sequences are connected by lines. The 3
CDR's are uncderlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an *.

Figure 2. Conmparison of sequences of anti-Tac
light chain (upper lines) and Eu light chain (lcower lines).
The single-letter code for amino acids is used. The first
amino acid on each line 1s numbered at the left. Identical
amino acids in the two sequences are connected by lines. The
3 CDR's are uncerlined. Other amino acid positions faor which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an, *.

Figure 3. Nucleotide secquence of the gene for the
humanized anti-Tac heavy chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide seguence.
The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature heavy chain sequence begins with

amino acid 420 Q.

S
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Figure 4. Nucleotide sequence of the gene for the
humanized anti-Tac light chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide sequence.
The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature light chain sequence ngins with
amino acid #21 D.

Figure 5. A. Sequences of the four
oligonucleotides used to synthesize the humanized anti-Tac
heavy chain gene, printed 5' to 3'. B. Relative positions
of the oligonucleotides. The arrows point in the 3!
direction for each oligonucleotide.

Figure 6. (A) Sequences of the four
oligonucleotides used to synthesize the humanized anti-Tac
light chain gene, printed 5' to 3'. (B) Relative positions
of the oligonucleotides. The arrows point in the 3!
direction for each oligonucleotide. The position of a Hind
III sité in the overlap of JFD2 and JFD3 is shown.

Figure 7. Schematic diagram of the plasmid
pHuGTACllused to express the humanized anti-Tac heavy chain.
Relevant restriction sites are shown, and coding regions of
the heavy chain are displayed as boxes. The direction of
transcription from the immunoglobuiin (Ig) promoter is shown
by an arrow. E, = heavy chain enhancer, Hyg = hygromycin
resistance gene.

Figure 8. Schematic diagram of the plasmid pHuULTAC
used to express the humanized anti-Tac light chain. Relevant
restriction sites are shown, and coding regions of the light
chain are displayed as boxes. The direction of transcription
from the Ig promoter-is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkatl
cells stained with anti-Tac antibody or humanized anti-Tac
antibody followed respectively by fluorescein-conjugated goat
anti-mouse Ig antibody or goat anti-human Ig antibody, as
labeled. In each panel, the dotted curve shows the results
when the first antibody was omitted, and the solid curve the
results when first and second (conjugated) antibodies were
included as described.
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Figure 10. (A) Fluorocytometry of HUT-102 cells
stained with 0-40 ng of anti-Tac as indicated, then with
bictinylated anti-Tac, and then with phycoerythrin-conjugated
avidim. (B) Fluorocytometry of HUT-102 cells stained with
the indicated antibody, then with biotinylated anti-Tac, and
then with phycoerythrin-conjugated avidin.

DETAILED DESCRIPTION OF THE INVENTION
In accordance with the present invention, novel

means of designing humanized immunoglobulins capable of

specifically binding to a predetermined antigen with strong
e

affinity are provided. These improved methods produce

immunoglobulins that are substantially non-immunogenic in

humans but have binding affinities of at least about 10% M1,

preferably 10° W T to 10*% ud

immunoglobulins will have a human framework and have one or

, or stronger. The humanized

mare complementary determining regions (CDR's), plus a
limited number of other amino acids, from a donor
immunoglobulin specifically reactive with an antigen. The
immunoglobulins can be produced economically in large
quantities and find use, for example, in the treatment of
various human disorders by a variety of techniques.

In order that the invention may be more completely
understood, several definitions are set forth. As used
herein, the term "immunoglobulin" refers to a protein having
ane ar more polypeptides substantially encoded by
immunoglobulin genes. The recognized immunoglobulin genes
include the kappa, lambda, alpha, gamma, delta, epsilon and
mu constant region genes, as well as the myriad
immunoglobulin variable region genes. Full-length
immunoglobulin "light chains" (about 25 Kd, about 214 amino
acids) are encoded by a variable region gene at the
NH2-terminus (about 110 amino acids) and a kappa or lambda
canstant region gene at the COOH - terminus. Full-length
immunaoglobulin "heavy chains" (about 50 Kd, about 446 amino
acids), are similarly encoded by a variable region gene
(encading about 116 amino acids) and one of the other

638 of 1033 Bl Exhibit 1002



10

15

25

30

35

]

aforementioned constant region genes, e.qg., gamma (encoding
about 330 amino acids).

One form of immunoglobulin constitutes the basic
structural unit of an antibody. This form is a tetramer and
consists of two identical pairs of immunoglobulin chains,
each pair having one light and one heavy chain. In each
pair, the light and heavy chain variable regions are together
responsible for binding to an antigen, and the constant
regions are responsible for the antibody effector functions.
In addition to antibodies, immunoglobulins may exist in a
variety of other forms (including less than full-length that
retain the desired activities), including, for example, Fv,
Fab, and F(ab')2, as well as single chain antibodies (e.qg.,
Huston et al., Proc. Nat. Acad. Sci. U.S.A., B85:5879-5883
(1988) and Bird et al., Science, 242:423-426 (1988), which
are incorporated herein by reference). (See, ‘generally, Hood
et al., "Immunology", Benjamin, N.Y., 2nd ed. (1984), and
Hunkapiller and Hood, Nature, 323:15-16 (1986), which are
incorporated herein by reference).

An immunoglobulin light or heavy chain variable
region consists of a "framework" region interrupted by three
hypervariable regions, also called CDR's. The extent of the
framework region and CDR's have been precisely defined (see,
"Sequences of Proteins of Immunological Interest," E. Kabat
et al., U.S. Department of Health and Human Services, (1983);
which is incorporated herein by reference). The sequences of
the framework regions of different light or heavy chains are
relatively conserved within a species. The framework region
of an antibody, that is the combined framework regions of the
constituent light and heavy chains, serves to position and
align the CDR's. The CDR's are primarily responsible for
binding to an epifbpe of aﬁ“antiqen.

Chimeric antibodies are antibodies whose light and
heavy chain genes have been constructed, typically by genetic
engineering, from immunoglobulin variable and constant region
genes belonging to different species. For example, the
variable segments of the genes from a mouse monoclonal
antibody may be joined to human constant segments, such as
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gamma 1 and gamma 3. A typical therapeutic chimeric antibe.ly
is thus a hvbrid protein composed of the variable or

ancigen-binding domain from a mouse antibody and the constant

Q

r effector demain from a human antibody (e.ca., A.T.C.C.
AcTession No. C2L 9688 secretes an anti-Tac chimeric
antibady), although other mammalian species may be used.

As usad herein, the term "humanized" immunoglerzulin
cefers to an immunoglcbulin comprising a substzntially human
framework region and cne or more CDR's from & non-human
(usually a mouse or rat) immunoglobulin. The non-human
immunoglobulin providing the CDR's is called the "doneor" and
& human immunoclobulin providing the framework is called the
“acceptor”. Constant regions need not be present, but if
they are, they must be substantially homologous to human
immunaglobulin constant regions, i.e., at least about 83-30%,
greferably about 95% or more identical. Hence, all parts cf
& humanized immunoglebulin, except possibly the CDR's, are
substantially homolugous to corresponding parts of natural
human immunoglobulin seguences. A "humanized antibody" is an
aatibady comprising a humanized light chain and a humanized
heavy chain immunegleobulin. TFor example, a humanized
antibody would not encompass 2 tvpical chimeric antibocdy as

defined above, e.g., because the entire variable region of a

chimeric antibody is non-human. One says that the donor
antibody has been "humanized", by the process of
"humanization”, because the resultant humanized antibody is
expected to bind to the same antigen as the donor antidouVv
that provides the CDR's.

Humanized immunogleobulins, including humanized
antibodies, have been constructed by means of genetic
engineering. Most humanized immunoglobulins that have been
previously described (Jones et al., op. cit.: Verrhoeven ex
al., oo. cit.:; Riechmann et al., op. cit.) have comprised 2
framework that is identical to the framework of a particular
human immuncglobulin chain, the acceptor, and three CDR's
from 2 non-human donor immunoglobulin chain. In one case
(Riechmann et al., op. cit.), two additional amino acids in
the framework were changed to be the same ‘as amino acids in
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other human framework regions. The present invention
includes criteria by which a limited number of amino acids :in
the framawork of a humanized immunoglobulin chain are chosen
to be the same as the amino acids at those positions in the

donor rather than in the acceptor, in order to increase the

b st o e Nt d g i w n =

affinity of an antibody comprising the humanized

1 immunoglobulin cnain.

The c©resent invention is based in part on the mod

o
hok

[
0
"

that two contributing causes of the loss of affinity in

0
3

means of preoducing humanized antibodies (using as examples
mouse antibocdies as the source of CDR's) are:

(1) when the mouse CDR's are combined with the
human framework, the amino acids in the framework close to
the CDR's become human instead of mouse. Without intending
o be bound hy theory, we believe that these changed amino
15 acids may slightly distort the CDR's, because they create
different electrostatic or hydropohobic forces than in the
Zonor mouse antibody, and the distorted CDR's mav not make as=
effective contacts with the antigen as the CDR's did in th
donor antibody;

20 (2) Also, amino acids in the original mouse

antibody that are close to, but not part of, the CDR's (i1.e.;

still part of the framework), may make contacts with the
antigen that contribute to affinity. Tnhese amino acids are
lost when the antibody is humanized, because all frasework

25 amino acids are made human.

o r ey

To avoid these problems, and to produce humanized
antibodies that have a very strong affinity for a desired
antigen, the present invention uses the following four
criteria for designing humanized immunoglobulins. These
criteria may be used singly, or when necessary in
combination, to achieve the desired affinity or other

characteristics.

Criterion I: As acceptor, use a framework from a particular
35

Sy s e r‘_‘-.-‘t\j,,‘, FRp el b ol B2Aah Tl by B gy

o

human immunoglobulin that is unusually homologous to the

AT

| donor immunoglobulin to be humanized, or use a consensus
framework from many human antibodies. For example,
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comparison cf the sequence of a mouse heavy (or light) chain
variable region against human heavy (or light) variable

] ; regions in a data bank (for example, the National Bicmecical

Research fFoundation Protein Icdentification Resource) snows

[ R U

that the extent of homology to different human regions varies

5 greatly, typically from about 40% to about 60-70%. By

choosing as the acceptor immunogleobulin one of the human
heavy (respectively light) chain variable regions that :is
most homologous to the heavy (respectively light) chain

variabhle region of the donor immunoglobulin, fewer amino

acids will be changed in going from the donor immunoglecgulin

to the humanized immunoglebulin. Kence, and again without
intending to be bound by theory, it is believed that there is
a smaller chance of changing an amino acid near the CDR's

that distorts their conformation. Moreover, the precise

overall shape of a humanized antibody comprising the

humanized immunoglobulin chain may more closely resemble

rt

shepe cf the donor antibody, also reducing the chance of
cdistorting the CDR's.
Tvpically, one of the 3-5 most homoclogous heavy

20 chain variable region segquences 1n a representative
collection of at least about 10 to 20 distinct human heavy
chains will Le chosen as acceptor to provide the heavy chain
framework, and similarly for the licht chain. Preferakly,
one of the 1-3 most homologous variable regions will be used.
25 The selected acceptor immunoglobulin chain will most
preferably have at least about 65% homology in the frameworX
region to the donor immunoglobulin.

Recardless of how the acceptor immunoglobulin is
chosen, higher affinity may be achieved by selecting a small
number of amino acids in the framework of the humanized
immunoglobulin chain to be the same as the amino acids at
those positions in the donor rather than in the acceptor.
The following criteria define what amino acids may be so
selected. Preferably, at most or all aminc acid positions
A% satisfying one of these criteria, the donor amino a2cid will
in fact be selected.

e s e % aans s g B e <t Ve e S et ieeiesie sy (et i e e g
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Csiterion IZ: If an amino acid in the framework of the human
acceptor immunoglebulin is unusual (i.e., "rare", which as
used herein indicates an amineo acid occurring at that
positian in nc more than about 10% of human heavy
(respectively ligat) chain V region sequences in a
representative data bank), and if the donor amino acid at
zhat positicn i= typical for human sequences (i.e., "common",
which as used herein indicates an zmino acid occurring in at
least about 25% cf sequences in a representative data kank),
then the donor amino acid rather than the acceptor may be
selected. This criterion helps ensure that an atypical amiro
acid in the human framework cdoes nct disrupt the antibody
structure. Mareover, by replacing an unusual amino acid with
an amina acid from the donor antibocdy that happens to e
tvpical for human antibodies, the humanized antibody may be
made less immunocenic.

Criterion III: 1In the positions immediately adjacent to

ct

1 CDR's in the humanized immunoglobulin chain, the donor
amina acid rather than acceptor amino acid may be selected.
These amino acids are particularly likely to interact with
the zmino acids in the CDR's and, if chosen from the
acceptor, distort the donor CDR's and reduce affinity.
Moreover, the adjacent amino acids may interact directly wiz:
the antigen (Amit et al., Science, 233, 747-753 (1986), which
is incorporated herein by reference) and selecting thesc
amina acids from the donor may be desirable to kezp all the
antigen contacts that provide affinity in the original
antibody.

Criterion IV: A 3-cdimensional model, typically of the
original donor antibody, shows that certain amino acids
autside of the CDR's are close to the CDR's and have a good
probability aof interacting with amino acids in the CDR's by
hydragen bonding, Van der Waals forces, hydrophobic
interactions, etc. At those amino acid positions, the donor
amina acid rather than the acceptor immunoglobulin amino acid

may be selected. Amino acids according to this criterion wiil

-
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generzlly have a side chain atcm within about 3 angstrom
units of some site in the CDR's and must contain atoms that
could interact with the CDR atoms according to established
chemical forces, such as those listed above., Computer
grograms to create models of proteins such as antibodies are
generally available and well known to these skilled in the

arr (see, ilocew et al., Int. J. Quant. Chem., Quant. Biol.

Svme., 15:55-66 (1988): Bruccoleri et al., Nature, 335,
564-568 (1988); Chothia et al., Science, 233:7535-758 (1956),

2ll of which are incorporated herein by reterence)., These cCo
not form part ©f the invention. Indeed,- because all
antibodies have similar structures, the Known antibody
structures, which are available from the Brookhaven Protein
Data Bank, can be used if necessary as rough models of other
gntibodies. Commercially availaple computer programs can e
used ta display these models on a computer menitor, to

calculate the distance between atoms, and to estimate the

l1ikelihood of different amino acids interacting (see, Ferri
. Js -Mel. Graphics; 6:13=27 [31988)).

-

I3

Humanized antibodlies generally have at least three
potential advantages over mouse Or 1n some cases chimeric
antibodies fcor use in human therepy:

1) Because the effector pb:tion is human, it mav
interact better with the other parts of the human immune
system (e.c., deastroy the target cells mcre eifficiently by
complement- dependent cvtotoxicity (CDC) or
antibody-dependent cellular cytotoxicity (ADCC)).

21 The human immune system should not recoynize
the framework or constant region z-f the humanized antibody =zs
foreign, and therefore the antibody response against such an
injected antibody should be less than against a totally
foreign mouse antibody or a partially foreign chimeric
antibody.

3) Injected mouse antibodies have been reportec
ta have a half-1ife in the human circulation much shorter
than the half-life of normal antibodies (D. Shaw et al., J.
Immunocl., 138:4534-4538 (1987)). Injected humanized
antibodies will presumably have a half-life more similar tz
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naturally occurring human antibodies, allowing smaller and
less frequent doses to be given.

] ; In one aspect, the present invention is directed to
j - designing humanized immuneglobulins that are procduced by

expressing recombinant DNA segments encoding the heavy and

A
un

light chain CDR's from a donor immunoglobulin capable of
binding to a desired antigen, such as the human IL-2

e e

receptor, to DNA segments encoding accepter human framework

POy P LY

regions. Exemplary DNA sequences designed in accordance with
the present invention and, which on expression code for the

10 polypeptide chains comprising heavy and light chain CDR's

m el bt B s b g

Al

with substantially hvman framework regions, are shown 1n

Lo

. Figures 3 and 4, respectively., Due to codon degeneracy anad
non-critical amino acid substitutions, cther DNA seguences
; can be readily substituted for those segquences, as detailed
4 p 15 below. In general, the criteria of the present invention
3 find applicability to designing substantially any humanizecd
immunoglobulin.
The DNA segments will typically further include an
expression control DNA seguence operably linked to the
20 humanized immunoglobulin coding sequences, including
naturally-associated or heterologous promoter regions.
Preferably, the expression control sequences will ke
! eukaryotic promoter systems in vectors capable of
; transforming or transfecting eukaryotic host cells, but

25 control sequences for prokaryotic hosts may also be usad.

ey &

Once the vector has been incorporated intec the appropriate
host, the host is maintained under conditions suitable for
high level expression of the nucleotide sequences, and, as
desired, the collection and purification of the humanized
30 light chains, heavy chains, light/heavy chain dimers or
intact antibodies, binding fragments or other immunoglobulin

forms may follow (see, S. Beychok, Cells of Immunoglobulin

e et v e W

Synthesis, Academic Press, N.Y¥., (1979), which is

. incorporated herein by reference.
35

Human constant region DNA sequences can be isglzzed
in accordance with well known procedures from a variety of

human cells, but preferably immortalized B-cells (see, Kaka:z

o

[T
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op. cit. and WPB7/02671). The CDR's for producing the
immunoglobulins of the present invention will be similarly
derived from monoclonal antibodies capable of binding to the
predetermined antigen, such as the human IL-2 receptor, and
produced by well known methods in any convenient mammalian
source including, mice, rats, rabbits, or other vertebrate
capable of producing antibodies. Suitable source cells for
the constant region and framework DNA sequences, and host
cells for immunoglobulin expression and secretion, can be
cbtained from a number of sources, such as the American Type
Culture Collection ("Catalogue of Cell Lines and Hybridomas,"
Fifth edition (1985) Rockville, Maryland, U.S.A., which is
incorporated herein by reference).

In addition to the humanized immunoglobulins
specifically described herein, other "substantially
ncmologous" modified immunoglobulins to the native sequences
can be readily designed and manufactured utilizing various
recombinant DNA technigues well known to those skilled in the
art. For exanmple, the framework regions can vary
specifically from the sequences in Figures 3 and 4 at the
primary structure level by several amino acid substitutions,
terminal and intermediate additions and deleticns, and the
like. Moreover, a variety of different human framework
regions may be used singly or in combination as a basis Zer
the humanized immunoglobulins of the present inventicn. 1In
general, modifications of the genes may be readily
accomplished by a variety of well-known technigues, such as
site-directed mutagenesis (see, Gillman and Smith, Gene,

B:81-97 (1979) and S. Roberts et al., Nature, 328:731-73%

(1987), both of which are incorporated herein by reference).
Alternatively, polypeptide fragments comprising

only a portion of the primary antibody structure may be

produced, which fragments possess one or more immunogleobulin

activities (e.g., complement fixation activity). Also

because like many genes, the immunoglobulin-related genes
contain separate functional regions, each having one or more
distinct bioclogical activities, the genes may be fused to

functional regions from other genes (e.g., enzymes, see,
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commenly assigned U.S5.S.N. 132,387, filed Dec. 13, 1537,
which i1s incorporzted herein by reference) to produce fusion
proteins (e.c., immunotoxins) having novel properties. The
nucleic acid secuences of the present invention capable of
ultimately excressing the desired humanized antibodies can &
fcrmed from a variety of different polynuclecticdes (genomic
or cONA, RNA, synthetic oligonucleotides, etc.) and
components (e.c., V, J, D, and C regions), as well as 2y a
variety of different technigues. Jolning appropriate genomic
sequences is presently the most common method of procducticn,
but cDNA segquences may also be utilized (See;, European Patent
Publication No. 0239400 and L. Reichmann et al., Nature,

332:323-327 (1988), both of which are incorporated herein b

[

reference) .

As stated previously, the DNA seguences will hbe
expressed 1in hosts after the sequences have been operably
linked to (i.e., positioned to ensure the functicning ci) an
expression control seguence. These expression vectors are
Typically replicakble in the host organisms either as episcrnes
or as an integral part of the host chromosomal DNA. Commcnly,
expression vectors will contain selection markers, e.g.,
tetracycline cr neomycin, to permit detectien of those cells
transformed with the desired DNA seguences (ses, e.g., U.S.
Patent 4,704,362, which is incorporated herein by zeferencs).

E. coli is one preokaryotic host useful particulariyu

for cloning the DNA sequences of the present invention. Ozher
microbial hosts suitable for use include bacilli, such as
Bacillus subtilus, and other enterobacteriaceae, such as
Salmonella, Serratia, and various Pseucdomonas species. In
these prokaryotic hosts, one can also make expression
vectors, which will typically contain expression control
sequences compatible with the host cell (e.g., an arigin of
replication). 1In addition, any number of a variety of well-
known promoters will be present, such as the lactose prumoter
system, a tryptovhan (trp) prcmoter system, a beta-lactamase
promoter system, or a promoter system from phage lambda. The
promoters will tvpically control expression, cptionally wizh

an coperator sequence, and have ribosome binding site
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sequences and the like, for initiating and completing
t-anscriptiosn and translation.

ther microbes, such as yeast, may also be used for
expression. Saccharomyces is a preferred host, with suizable
vectors having expression control sequences, such as

B oromoters, including 3-phosphoglycerate kinase or other

glycolytic enzymes, and an origin of replication, terminetion
seguences and the like as desired.

in adéition to microorganisms, mammalian tissue
cell culture may also be used to express and produce the

10 polypeptides of the present invention (seze, Winnacker, "From

Genes to Clones," VCH Publishers, N.Y., N.Y. (1987), which is

R X T S A Ry ST e PO

incorporated herein by reference). Eukaryotic cells are

oy

actually preferred, bDecause a number cf suitable host cell

iines capable of secreting intact immunoglcbulins have teen

[
w

ceveloped in the art, and include the CHO cell lines, various
COS cell lines, Hela cells, myeloma cell lines, etc, but
preferably transformed B-cells or hybridomas. Expressicn
vectors for these cells can include expression control
seguences, such as an origin of replication, a promoter, an

nhancer (Queen et al., Immunol. Rev., 89:49-58 (1986), wihich

PR ™ ™ | My g

is incorporated herein by reference), and necessary

5 crocessing information sites, such as ribosome binding sites

’
RNA splice sites, polyadenylation sites, and transcripticnal

terminator sequences. Preferred expression control seguences

25 are promoters derived from immunoglobulin genes, SV4&0,

PR ——————

Adenovirus, Bovine Papilloma Virus, and the like.

i f The vectors containing the DNA segments of interest

| (e.d., thé héavy and light chain encoding seguénces and
expression control sequences) can be transferred into the

30 host cell by well-known methods, which vary depending cn the

tvype of cellular hest. For example, calcium chlecride

| transfection is commonly utilized for prokaryotic cells,
! whereas calcium phosphate treatment or electroporation may be

used for other cellular hosts. (See, generally, Maniatis et

1

1

h 39 el., Molecular Cloning: A Laboratory Manual, Cold Spring
i Harbor Press, (1982), which is incorporated herein by

reference.)

648 of 1033 Bl Exhibit 1002



&

L oy

a5, e B

P ——

- e

- rTrE

AR o

o et
P

10

it
u

20

25

30

35

18

Once expressed, the whole antibodies, their dimers,
individual lighz and heavy chains, or other immunoglobulin
forms of the present invention, can be purified according to
standard procecdures of the art, including ammonium sulfate
precipitatien, affinity columns, column chromatography, gel
electrophoresis and the like (see, generally, R. Sccpes,
"Protein Purification", Springer-verlag, MN.Y. (1982)).
Substantially pure immunoglobulins cf at least about 90 to
95% homogeneity are preferred, and 98 to 99% or more
homogeneity most preferred, for pharmaceutical uses. Once
purified, partially or to homogeneity as desired, the
polypeptides may then be used therapeutically (including

extracorporeally) or in developing and performing assay

{{1]

procedures, immunofluorescent stainings, and the like. (3=

===

generally, Immnunological Methods, Vcls. I and II, Lefkovits

anrd Pernis, eds., Academic Press, New York, N.Y. (1979 and
1981)).

The antibodies of the present invention will .
typically find use individually in treating substantially any
disease susceptible to monoclonal antibody-based therazzy. 1In
particular, the immunoglobulins can be used for passive
immunization or the removal of unwanted cells or antigens,
such as by complement mediated lysis, all without substantial

immune reactions (e.g., anaphylactic shock) associated with

many prior antibodies. For example, where the cell linked to
a disease has been identified as IL-2 receptor bearing, then
humanized antibodies that bind to the human IL-2 recepzor ars
suitable (see, U.S.S.N. 0B:5,707, entitled "Treating Human
Malignancies and Disorders," which is inceorpcrated herein by
reference). For such a humanized immunecglobulin, tvoical
disease states suitable for treatment include graft versus
host disease and transplant rejection in patisnts undergoing
an organ transplant, such as hear%t, lungs, kidneys, liver,
etc. Other diseases include autoimmune diseases, such as
Type I diabetes, multiple sclerosis, rheumatoid arthritis,
systemic lupus erythematosus, and myasthenia gravis.

The method of producing humanized antibodies cf the
present invention can be used to humanize a variety of donor
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antibodies, especially monoclonal antibodies reactive wizh

markers an cells responsible for a cdisease. For example,

suitable antibodies bind to antigens on T-cells, such as

thase grouned :Into the so-called “Clusters of

- -

ECE TR

Differentiacion," as named by the First International

1

fLaukscyte Differentiation Workshop, Leukocyze Tvping, Sernarcc
et al., Eds., Springer~ Verlag, N.Y. (1934), which is
incorparated herein by reference.

The antibodies of the present invention can a2lso be
a used as separately administered compositions given in
l E canjunction with chemotherapeutic or immunosuppressive

- agents. Typically, the agents will include cyclosporin A or

& purine analoc (e.g., methotrexate, 6-mercaptopurine, cr the

‘ 7 L
% Iike), but nunerous additional agents (e.g.,
cyclophospghanice, prednisone, etc.) well-known to those
skiiled in the art may also be utilized.

A preferred pharmaceutical composition cf the

gresent invention comprises the use of the subject antibedies

o b —p Ty i o

in izmmunatexins. Immunotoxins are characterized by two

campanents. and are particularly useful for killing selectad

LT

20 cells in wvitro or in vive. One ccmponent is a cytotexic

agent which is usually fatal to a cell when attached cr

absarbhed. The second component, known as the "delivery

e e e -

Sonies s sre s sBE ks
e

vehicle,"™ provicdes a means for delivering the toxic acgent tc

=

2 particular cell type, such as cells comprising a carcinome,

23 The twgo camponents are commonly chemically boncded together by

any of a variety of well-known chemical procedures. ZIcr

vy

example, when the cytotoxic agent is a protein and the seccnd

TN -

campanent is an intact immunoglobulin, the linkage mav e by

} way of heterobifunctional cross-linkers, e.a., SPDP,

30 carbodiimide, glutaraldehyde, or the like. Production of

found, for example in "Monoclonal Antibody-Toxin Conjucates:

Aiming the Magic Bullet," Thorpe et al., Monoclonal

Antibodies in Clinical Medicine, Academic Press, pp. 168-190Q
; 33 (1982), which is incorporated herein by reference.

3
1 various immunctoxins is well-known with the art, and can be

A variety of cytotoxic agents are suitable for use
in immunotoxins. Cytotoxic agents can include radionuciices,
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such as Iodine-131, Yttrium-50, Rhenium-188, and Bismuth-212:
a number of chemotherapeutic drugs, such as vincesine,
methotrexate, adriamycin, and cisplatinm: and cytotoxic
proteins such as ribosomal inhibiting proteins like pokeweec
antiviral protein, Pseudomonas exotoxin A, ricin, diphtheria
taxin, ricia A chain, etc., cor an agent active at the cell
surface, such as the ph-spholipase enzymes (e.q.,
phospholipase C). (See, generally, commonly assigned
U.S.S.N. 290,968 (Townsend and Townsend Docket No. 11323-
7-2) filed in U.S.P.T.0. on December 28, 1988, "Chimeric
Toxins,"™ Olsnes and Phil, Pharmac. Ther., 25:355-381 (1982),
ané "Monoclonal Antibodies for Cancer Detection and Therapy,"
eds. Baldwin end Bvers, pp. 159-179, 224-266, Academic Press
(1885), 211 ef which are incorporated harein by reference.)

The delivery component of the immunotoxin will
include the humanized immunoglobulins of the present
invention. Intact immunoglobulins or their binding
fragments, such as Fab, are preferably used. Typically, the
antibodies in the immunotoxins will be of the human IgM or
IgG isotype, but other mammalian constant regions may be
utilized as desired.

For diagnostic purposes, the antibodies may either
be labeled or unlabeled. Unlabeled antibodies can be used in
combination with other labeled antibodies (second antibodies)
that are reactive with the humanized antibody, such as anti-
bodies specific for human immunoglobulin ccnstant regions.
Alternatively, the antibodies can be directly labelea. A
wide variety of labels may be employed, such as
radionuclides, fluors, enzymes, enzyme substrates, enzyme co-
factors, enzyme inhibitors, ligands (particularly haptens),
etc.. Numerous types of immunoassays are available and are
well known to those skilled in the art.

The following examples are offered by way of
illustration, not by limitation.
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ZXPERIMENTAL

Desicn of cenes for humanized light and hezvv chains

e R AVGREELS Daa o g g A ment E T
(V)]

The sequence of the human antibody Eu (Sequences oi
Proteins of Immunological Interest, E. Kabat et 2l., U.S.
Dept. of Health and Human Services, 1983) was used to provice
the framework of the humanized antibody, because the amino

acid sequence of the heavy chain variable region of anti-Tac

s mcre homalogous to the heavy chain of this antibedy than

ta any other complete heavy chain variable region sequence in
the National Biomedical Foundation Protein Identification

h a Resagurce.

i Tn select the sequence of the humanized heavy
chain, the anti-Tac heavy chain sequence (see, commonly
assigned U.S.S.N.'s 186,862 and 223,037, which are
incorporated herein by reference) was aligned with the

13 sequence of the Eu heavy chain (Figure 1). At each

pasition, the Eu amino acid was selected for the humanized

following categories, in which case the anti-Tac amino ac:d
=as- selected:

20 (1) The position fell within a complementarity
determining region (CDR), as defined by Kabat, et al., oo.
cit. (aminoc acids 31-35, 50-66, 99-106) ;

(2) The Eu amino acid w~s rare for human heavy

i
5
4
k
E
a sequence, unless that position fell in any one of the
E
[{
| chains at that position, whereas the anti-Tac amino acid was
i
i
i
¢

25 cammen for human heavy chains at that positicn (a2mino acics
27, 93, 99, 98, 1Q¥=309; 13L)}
(3) The position was immediately adjacent tc a CDR
? in the amino acid sequence of the anti-Tac heavy chain (anino
I acids 30 and 67): or
ﬁ 20 (4) 3-dimensional modeling of the anti-Tac
It antibady suggested that the amino acid was physically close
? ta the antigen binding region (amino acids 48 and 68).
Amino acid #27 is listed in category (4) because the acceptor
a5

Eu amine acid Gly is rare, and the donor anti-Tac amino acid
Tyr is chemically similar to the amino acid Phe, which is
commen, but the substitution was actually made because 327

652 of 1033 Bl Exhibit 1002



22

also fell in category (4). Although some amino acids fell in
more than one of these categcries, they are only listed in
cne. Categories (2) - (4) correspond to criteria (2) - (4)
3 described above.
E To select the sequence of the humanized light
h chain, the anti-Tac light chain sequence was aligned with the
E secuence of the Eu light chain (Figure 2). The Eu amino

acid was selected at each position, unless the position again
fell into one of the categories (1) - (4) (with light chain
i replacing heavy chain in the category definitions):
1 10 (1) CODR's (amino acids 24-34, 50-56, 89-97);

(2) Anti-Tac amino acid more typical than Eu

t (amino acids 48 and 631):
h (3) Adjacent to CDR's (no amino acids: Eu and
E anti-Tac were already the same at all these positions): or
; : (4)Possible 3-dimensional proximity to binding

region (amino acid 60).
a The actual nucleotide sequence of the heavy
] (Figure 3) and light chain (Figure 4) genes were selected as
ﬁ fallows:
g 20 (1) The nucleotide sequences code for the amins
f acid sequences chosen as described above;
| (2) S' of these coding seguences, the nucleotide
sequences code for a leader (signal) sequence, namely the
leader of the light chain of the antibody MOPC 63 and the

€5 leader of the heavy chain of the antibody PCH 108A (Xebat

|ﬂ:|
rt

al., opo. cit.). These leader sequences were chosen as
: tvpical of antibodies;

(3) 3' of the coding secuences, the nucleotide
sequences are the sequences that follow the mouse light chain
J5 segment and the mouse heavy chain J2 segment, which are

part of the anti-Tac sequences. These sequences are included

o e g e
Ll
o

because they contain splice donor signals; and

(4) At each end of the sequence is an Xba I site
to allow cutting at the Xba I sites and cloning into the Xba

35 .
I site of a vector.

TRRTE Ve T 0
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Constructicn of humanized light ard heavv chain genes

To synthesize the heavy chain, four
oligonucleotides HES12, HES13, HES1l4, HES15 (Figure 5A) were
synthesized using an Applied Biosystems 380B DNA synthesizer.
Two of the ocligonucleotides are part of each strand of the

5 heavy chain, and each oligonucleotide overlaps the next cne
Dy about 20 nucleotides to allow annealing (Figure 53).
Together, the oligonucleotides cover the entire humanized
heavy chain variable region (Figure 3) with a few extra
nucleotidas at each end to allow cutting at the Xba I sites.

10 The oligonucleotides were purified from polyacrylamide gels.

Each oligonucleotide was phosphorylated using ATP
and T4 polynucleotide kinase by standard prccedures (see,
Maniatis, co. cit.). To anneal the phosphurylated
oligonuclectides, they were suspended together in 40 ul of TA

135 (33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM

A
5
d
€
&

magnesium acetate) at a concentration of about 3.75 uM each,
heated to 95 deg for 4 min. and cooled slowly to 4 deg. To
synthesize the complete gene from the oligonucleotides by

synthesizing the opposite strand of each oligonucleoctide

20 (Figure 58), the following components were added in.a final
? volume of 100ul: v
? 10 ul annealed oligonucleotides
E 0.16 mM each  deoxyribonucleotide
i 25 0.5 mM ATP
; 0.5 mM DTT
; 100 ug/ml BSA
'5 3.5 ug/ml T4 ©43 protein (DNA polymerase)
i 25 ug/ml T4 g44/62 protein (polvmerase
{ 30 a2ccessory protein;
E 25 ug/ml 45 protein (polymerase accessory
5 protein)
o The mixture was incubated at 37 deg for 30 min.

Then 10 u of T4 DNA ligase was added and incubation at 317 deg
resumed for 30 min. The polymerase and ligase ware
inactivated by incubation of thie reaction at 70 cdeq for
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papy

15 min. To digest the gene with Xba I, to the reaction was
adcéed 50 ul of 2x TA containing BSA at 200 ug/ml and DTT at 1
mM, 343 ul of water, and 50 u of Xba I in 5 ul. The reactiocon

TR

was incubated for 3 hr at 37 deg, and run on 2 gel. The 431
bp Xba I fracment was purified from a gel and cloned into the

T

Xba I site of the plasmid puUC19 by standard methods. Four

plasmid isciates were purified and sequenced using the
dideoxy method. One of these had the correct seguence
(Figure 3).

To synthesize the light chain, four
oligonucleotices JFD1, JFD2, JFD3, JFD4 (Figure 6A) were
synthesized. Two of the oligonucleotides are part of each
strand of the light chain, and each oligonucleotide overlaps
the next one by about 20 nucleotides to allow annealing
(Figure 68)}. Together, the‘oligonucleotides cover the entire
humanized light chain variable region (Figure 4) with a few
extra nuclecticdes at each end to allow cutting at the Xba I
sites. The oligcnucleotides were purified from
polvacrylanice gels.

The light chain gene was synthesized from these
20 cligonuclectides in two parts. 0.5 ug each of JFD1 and JrD2
were combined in 20 ul sequenase buffer (40 mM Tris-rCl, pH
7.5, 20 mM magnesium chlcride, 50 mM sodium chloride), heated
at 70 deg for 3 min and allowed to cool slowly tec 23 deg in
order for the oligonucleotides to anneal. JFD3 and 37D4 were
25 treated in the same way. Each reaction was made 10 =m in DTT

and 0.5 mM in each deoxyribonucleotide and 6.5 u of seguenassa

(US Biochemicals) was added, in a final volume of 24 ul, and
incubated fcr 1 hr at 37 deg to synthesize the opposi:e
strands of the cligonucleotides. Xba I and Hind III were
added to each reaction to digest the U'NA (there is a Hind III
site in the region where JrD2 and JFD3 overlap and therefore
in each of the synthesized DNAs; Figure 6B). The reactions

were run on polyacrvlamide gels, and the Xba I - Hind III

{ragments were purified and cloned into pUC18 by standard
35

methods. Several plasmid isolates for each fragment were

sequenced by the dideoxy method, and correct ones chcsen.
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Construction cf plasmids to express humanized light and heavy

chains

The heavy chain Xba I fragment was lsolated from
the pUC1l9 plasmid in which it had been inserted and then
inserted into the Xba I site of the vector pV4l (see,

- e o

RITy V= ) S A Y W

3 commonly assigned U.S.S.N. 223,037) in the correct
orientation by standard methods, to produce the plasaid

pPHUGTAC1 (Figure 7). This plasmid will express high levels

of a complete heavy chain when transfected into an
apprcpriate host cell.

1d The two light chain Xba I - Hind III fragments were
isolated frcem the pUCl8 plasmids in which they had Ebeen
inserted. The vector plasmid pVxl (see, commonly assigned
U.S.S.N. 223,037) was cut with Xba I, dephosphorylated and
ligated with the two fragments by standard methods. The

X 15 desired reaction product has the circular form: vector - Xta

I - fragment 1 - Hind III - fragment 2 - Xba I - vector.
Several plasmid isolates were analyzed by restriction macoing
and sequencing, and one with this form chosen. This plasmid,
PHULTAC (Figure B), therefore contains the complete humanizec

20 light chain (Figure 4) and will express high levels of the

light chain when transfected into an appropriate host cell.

Svnthesis and affinitv of humanized antibodv
The plasmids pHUGTACl and pHULTAC were transfected
23 into mouse Sp2/0 cells, and cells that integrated the
plasnids were selected on the basis of resistance %o
mycophenalic acid and/or hygromycin B conferred by the cpt

and hyg genes on the plasmids (Figures 7,8) by standard

methods. To verify that these cells secreted antibocdy th
i 30 binds to the IL-2 receptor, supernatant from the cells wa
incubated with HUT-102 cells that are known to express th
IL-2 receptor. After wushing, the cells were incubtated with
£luorescein-conjugated goat anti-human antibody, washed, and

analyzed for fluorescence on a FACSCAN cytofluorometer. The

33 results {Figure 9A), clearly show that the humanized antibecy

express the IL-2 receptor (Figure 9D). As controls, the

[ binds to these cells, but not to Jurkat T-cells that do not
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original mcuse anti-Tac antibody was also used ‘o stain these
g

-

cells (Figure SB,C), giving similar results.
For further experiments, cells producing the

humanized antibody were injected into mice, and the resultant

PRy X U 03 £

ascites collected. Humanized antibody was purified to

substantial homogeneity from the ascites by passage through
an affinity column of goat anti-human immunoglobulin
antibody, prepared on an Affigel-10 support (Bio-Rad
Laboratories, Inc., Richmond, CA) according to standard
techniques. Tc determine the affinity of the humanized

10 antibody relative to the original anti-Tac antibody, a
competitive binding experiment was performed. About 35 x 105
HUT-102 cells were incubated with known gquantities (10 - 40

\ ng) of the anti-Tac antibody and the humanized anti-Tac
antibody for 10 min at 4 deg. Then 100 ng of biotinylated
anti-Tac was added to the cells and incubated for 30 min at 4
ceg. This gquantity of anti-Tac had previously been

cetermined to be sufficient to saturate the binding sites on

15

the cells, but not to be in large excess. Then the cells
were washed twice with 2 ml of phosphate buffered saline
(PBS) containing 0.1% sodium azide. The cells were then
incubated for 30 min at 4 deg with 250 ng of
phycoerythrin-conjugated avidin, which bound to the
biotinylated anti-Tac already bound to the cells. The cells
were washed again as above, fixed in PBS containing 1%

20

25 paraformaldehyde, and analyzed for fluorescence on a FACSCAN

cytofluorometer.

Ry e —

Use of increasing amounts (10 - 40 ng) of the
anti-Tac antibody as competitor in the first step decreased
the amount of biotinylated anti-Tac that could bind to the
cells in the second step, and therefore the amount of
ohycoervthrin-conjugated avidin that bound in the last step,

30

s e P 7 par e 8

thus decreasing fluorescence (Figure 10A). Equivalent
amounts (20 ng) of anti-Tac, and humanized anti-Tac used as
competitor decreased the fluorescence to approximately the
same degree (Figure 10B). This shows that these antibodies
have approximately the same affinity, because if one had

greater affinity, it would have more effectively competed

35

T ek

—
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with the bictinylated anti-Tac, thus decreasing fluorescence

' more.

Siolcagical properties of the humanized antibodv
For cptimal use in treatment of human disease, the

5 humanized antibody should be able to destroy T-cells in the
pody that express the IL-2 receptor. One mechanisa by wnich
antibodies may destroy target cells is antibody-dependent
cell-mediated cytotoxicitv, abbreviated ADCC (Fundamental
Immunology, Paul, W., Ed., Raven Press, New York (1984), at
pg. 681), in which the antibody forms a bridge between the

i target cell and an effector cell such as a macrophage that

3 can lyse the target. To determine whether the humanized

i . 4

ﬁ antibody and the original mouse anti-Tac antibedy can nediate

ADCC, a chromium release assay was performed by standard

b b 3 - 15 methods. Specifically, human leukemia HUT-102 cells, which

o express the IL-2 receptor, were incubated with 3

Cr to allow
them to absorb this radionuclide. The HUT-102 cells were
then incubated with an excess of either anti-Tac or humanized
anti-Tac antibody. The HUT-102 cells were next incubated for

20 4 hrs with either a 30:1 or 100:1 ratioc of effector cells,

which were normal purified human peripheral blocod monoruclear

.

cells that had been activated by incubation for about 20 hrs
with human recombinant IL-2. Release of Slcr, which

indicated lysis of the target HUT-102 cells, was measurec and
the background subtracted (Table 1). The results show :hat'

at either ratio of effector cells, anti-Tac did not lvse a

25

o Sy S iy e S

significant number of the target cells (less than 5%), while
the humanized antibody did (more than 20%). Hence, the
humanized antibody is likely to be more efficacious than the

30 original mouse antibody in treating T-cell leukemia or osther

e e A LR

T-cell mediated diseases.

.-
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Percent 51Cr release after ADCC

Effector: Target ratio

30:1 100:1
Antibody
Anti-Tac 4% 1Y
Humanized 24% 23%
anti-Tac
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Although the present invention has been descriced
in some detail by way of illustration and example for
purposes of clarity and understanding, it will be apparent
that certain changes and modifications may be practiced

within the scope of the appended claims.
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WE CLAIM:

1s A method of designing a humanized
immunaglobulin (Ig) chain having one or more complementarity

determining regions (CDR's) from a donor Ig and a framework

3 regian from a human Ig, said method comprising: comparing
the: framework or variable region amino acid sequence of the
donor Ig with corresponding sequences in a collection of
human Ig chains: and selecting to provide the human Ig
framewark one of the about three most homologous sequences

10  from the collection.

2. A method according to Claim 1, wherein the
human Tg sequence is selected from a collection of at least
ahout ten to twenty Ig chain seguences.

- ) A method according to Claim 1, wherein the
human Ig chain seguence selected has the highest nomology in
the callect}on to the donor Ig sequence.

20 4. A method according to Claim 1, wherein the
human Ig framework sequence selected is at least about &3%
homolaogous to the donor Ig framework sequence.

5. A method according to Claim 1, wherein the
immunaglobulin chain is a heavy chain.

6. A method according to Claim 1, wherein %ne
humanized Ig chain comprises a human constant region.
ia « 5 An immunoglobulin comprising two light/heavy
chain pairs, wherein at least one chain is designed in
accordance with Claim 1.

35
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8. A method of designing a humanized
immunoglobulin chain having a framework region from a numan
acceptaor immunoglobulin and complementarity determining
reglans (CDR's) from a donor immunoglobulin capable of

Sinding to an antigen, said method comprising the steps 3f

El substituting at least one human framework amino acid of th
acceptor immunoglobulin with a corresponding aminc acié Irom
1 the donor immunoglobulin at a position in the immunoglobulins
where:
(2) the amino acid in the human framework recion
a af the acceptor immunoglobulin is rare for said position and
the corresponding amino acid in the donor immunoglobulin is
cammon for said position in human immunoglobulin seguences;
ar
? (b) the amino acid is immediately adjacent Tz cre
: 5. I5 af the CDR's; or
B (z) the amino acid is predicted to have a sics
chain atom within about 3A of the CDR's in a three-
_ dimensional immunogleobulin model and to be capable of
interacting with the antigen or with the CDR's of the
a 2d humanized immunoglobulin.
L
i 9. A method according to Claim 8, wherein th2
;i humanized immunoglobulin chain comprises in addition %o zhe
?i CDR's at least three amino acids from the donor
;i 23 Immunoglobulin chosen by criteria (a), (b) or (c).
10. A method according to Claim 9, wherein ac
Teast one of the amino acids substituted from the donor is
immediately adjacent a CDR.
ia
11. A method according to Claim 9, wherein saicd
humanized immunoglobulin chain is a heavy chain.
& 12. An immunoglecbulin comprising two light/heavy

chain pairs, wherein at least one chain is designed in

accordance with Claim B.
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13. An immunoglobulin according to Claim 12, wnich
is specifically reactive with an antigen at an affinity of at
least about 10% M™! or stronger.

14. An immunoglcbulin according to Claim 12,

3 wherein the designed chain is a light chain comprising azout

214 amino acids.

15. An immunoglobulin according to Claim 12,
wherein the designed chain is a heavy chain comprising azout
10 446 amino acids.

16. A DNA sequence which upon expression enccces a
humanized immunoglebulin chain according to Claim 1 or
Claim 8.

17. A method for improving the affinity of a
humanized immunoglobulin (Ig) to an antigen, by replacing
amino acids of the human Ig framework with amino acids from
the donor Ig framework at positions where:

20 (a) the amino acid in the human framework rscicn
of the first immunoglobulin is rare for said position and <he
corresponding amino acid in the donor immunoglobulin is
common for said position in human immunoglobulin segquences;
or

25 (b) the amino acid is immediately adjacent Tz cne,
of the CDR's; or

(c) the amino acid is predicted to have a siZe

chain atom within about 3A of the CDR's in a three-

dimensional immunoglobulin model and tn be capable of
30 interacting with the antigen or the CDR's of the humanized

immunoglobulin.

18. A method according to Claim 17, wherein the

additional amino acids comprise up to thnree amino aciéds, each

33 of which is immediately adjacent to one of the CDR's in the

second Ig.

o ———
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19. A method according to Claim 17, wherein e
additional amino acids comprise one amino acid immediately

adjacent to a CDR.

e

20. A method according to Claim 17, wherein tne
additional amino acids comprise at least two amino acids fron
the donor Ig which are predicted by modelling to be caca-tle
af interacting with the antigen or the CDR's.

21. A method according to Claim 20, wherein said
two or more amino acids are predicted to be within abcut 34
of the donor Ig CDR's.

Iaq

22. A method according to Claim 17, whereln tXe
humanized Ig has an affinity to the antigen within about 2 o
J fold of the donor Ig.

23. A method according to Claim 17, wherein the
antigen is a protein.

20 24. A method of producing a humanized

I L T e e T e Te s T S

immunoglobulin containing a heavy chain and a light chaix
cdesigned in accordance with Claim 17, said method comprising:
: culturing a host capable of expressing saic hezvy
chain, said light chain, or both, under conditions suizzzle

23 for production of said chains; and

recovering from the culture said humanized
immunoglobulin.

25. A polynucleotide compositicn comprising a DNA
sequence cocding for a humanized immunoglobulin designec :in
accordance with Claim 17.

30

LT Re T e e

26. A method of producing an improved humanizec
immunoglobulin comprising expressing the polynucleotide

I3 composition of Claim 25.
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: 34
27. A cell transformed with a polynucleotide
composition according to Claim 25.
28. A composition comprising a humanized

immunoglobulin secreted by a cell line according to Claim 24,

20

IS A TR

v
|

25

30
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t 11823-9
3 DESIGNING IMPROVED ED IMMUNOGLOBULINS
2

‘

: ABSTRACT OF THE DISCLOSURE

; 5 Novel methods for designing humanized

immunoglebulins having one or more complementarity
determining regions (CDR's) from a donor immunoglcobulin and a
framework region from a human immunogleobulin comprising £first
comparing the framework or variable region amino acid
10 sequence of the donor immunoglobulin to corresponding
sequences in a collection of human immuneglobulin chains, and
salecting as the human immunoglobulin one of the more
homologous sequences from the collection. Each humanized
immunoglobulin chain may comprise about 3 or more amino acids
L5 from the donor immunoglobulin in addition to the CDR's,
usually at least one of which is immediately adjacent to a
CDR in the donor immunoglobulin. The heavy and light chains
may each be designed by using any one or all three additicnal
position criteria. When combined into an intact antibocy,
20 the humanized immunoglobulins of the present invention will
be substantially non-immunogenic in humans and retain
substantially the same affinity as the donor immunoglobulin
to the antigen, such as a protein or other compound

containing an epitope.
25

N T — E——— S # TR e—
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ACAATCACANGTICAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCCT
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ACA [GGAACTCAGCAGCCTGAGATCTGAGGACACCGCAGTCTATTACTGTGCAAGAGGSS
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GGGGTG TCTTTqACTACTGGGGCCAAGGAACCCTGGTCACAGTCTCCTCAGGTGAGTCCT
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AR rF B e 'S ve 5 G B P TNETE se 8

Jlo 320 330 340 350 360
CAGATGATTTCGCCACT TAT ACTGCCATCAAAGGAGTACTTACCCACTCACGTTCGGTC
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AGCTTCTAGATGGGATCGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGLGTIS
CACTCTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGITCGAGIGTG
AAGGTC

CCCAGTCGACGGATTAATATATCCAATCCATTCCAGACCCTGTCCAGSGGCCTGICTTAC

CCAGTGCATCCTCGTAGCTAGTAAAGGTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGET
CGAGCCAGG

TATATTAATCCGTCGACTGGGTATACTGAATACAATCAGAAGTTCAAGGACAAGGCAACA
ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGA:
GACA

ATATCCTCTAGAGGT I TTAAGGACTCACCTGAGGAGACTGTGACCAGGGTTCCTTGSECCIC
CAGTAGTCAAAGACCCCCCCTCCTCTTGTACAGTAATAGACTGCGGTGTICTCAGATCET S
ALEETTGET
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CAAATCTAGATCGAGACCGATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCZAGEA
TCAACCGCACATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGITAGCGTCGGSEGAT
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Patent Docket PO709P1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Group Art Unif: 1642
Paul J. Carter ef al. Examiner: J. Reeves

Serial No.: 08/146,206

CERTIFICATE OF HAND DELIVERY °

T ; -1 hereby certify thal this wraspondenca is beinghand delivered in-an enveiops
Filed: November 1 7, 1993 addrﬂssed to: Assistant Gﬂmmlsswna: of Patanils, wnshlngion, D.C. 202‘.!1 on

For:  METHOD FOR MAKING HUMANIZED
ANTIBODIES

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

3/26/1999 TGRAY1 00000002 070630 08146
Assistant Commissioner of Patents

DFCAZE 80001, D.C. 20231

Sir:

Applicants submit herewith patents, publications or aother information (aftached hereto and
listed on the attached Form PTO-1449) of which they are aware, which they believe may be
material to the examination of this application and in respect of which there may be a duty to
disclose in accordance with 37 CFR §1.56.

This Information Disclosure Statement;

(@ () accompaniesthe new patent application submitted herewith. 37 CFR §1.97(q).

() 0 s filed within three months after the filing date of the application or within three
menths after the date of entry of the national stage of a PCT application as set forth
In 37 CFR§1.491.

(©) 0 s farasis known to the undersigned, is filed before the mailing date of a first Office
action on the merifs.

(d) 0 Isfiled aofter the first Office Action and more than three months after the application's
filing date or PCT national stage date of entry filing but, as far as is known fo the
undersigned, prior to the mailing date of either a final rejection or a notice of
allowance, whichever occurs first, and is accompanied by either the fee (6240) set
forth in 37 CFR §1.17(p) or a statement as specified in 37 CFR §1.97(e), as checked
below, Should any fee be due, the U.S. Patent and Trademark Office is hereby
authorized to charge Deposit Account No. 07-0630 in the amount of $240.00 to cover
the cost of this Information Disclosure Statement. Any deficiency or overpayment
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should be chargecd! or credited to this deposit account. A duplicate of this sheet is
enclosed.

(e) 0 is filed affer the miailing date of either a final rejecfion or a notice of allowance,
whichever occurred first, and is accompanied by the fee (§130) set forth in 37 CFR
§1.17()) and a statement as specified in 37 CFR §1.97(e), as checked below. This
document is fo be considered as a pefifion requesting consideraiion of the
information disclosure statement. The U.S, Patent and Trademark Office is hereby
authorized to charge Deposit Account No. 07-0630in the amount of $130.00 fo cover
the cost of this Information Disclosure Statement, Any deficiency or overpayment
should be charged or credited to this deposit account. A duplicate of this sheet is
enclosed.

(f) (x) is filed after the mailing date of a final rejection, but a request to withdraw the
finality thereof uncler 37 CFR § 1.129(a) was submitted on August 24, 1998. The U.S.
Patent and Tradernark Office is hereby authorized to charge Deposit Account No,
07-0630 to cover the cost of this Information Disclosure Statement in the event that
any fees are due. A duplicate of this sheet is enclosed.

(If either of boxes (d) or (e) is checked above, the following statement under 37 CFR §1.97(e)
may need fo be completed.) The undersigned states that:

0 Each item of informcafion contained in the information disclosure statement was
cited in a communication mailed from a foreign patent office in a counterpart
foreign applicatiors not more than three months prior to the filing of this information
disclosure statement.

0 No item of information contained in this information disclosure statement was cited
in a communication mailed from a foreign patent office in a counterpart foreign
application and, to the knowledge of the undersigned after making reasonable
inguiry, was known to any individual designated in 37 CFR §1.56(c) more than three
months prior fo the: filing of this information disclosure statement.

A list of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).
A copy of the items on PT(-1449 is supplied herewith:
(x) each (] none () only those listed below:

A concise explanation of relevance of the Items listed on PTO-1449 is:
(x) not given

0 given for each listed item
0 given for only non-English language listed item(s) (Required)
0 in the form of an English language copy of a Search Report from a foreign patent
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office, issued in a counterpart application, which refers to the relevant portions of
the references.

The Examiner is reminded that a "concise explancition of the relevance" of the submitted
prior art "may be nothing more than identification of the particular figure or paragraph of the
patent or publication which has some relation to the claimed invention," MPEP §409,

While the information and references disclosed in this Information Disclosure Statement may
be "material' pursuant fo 37 CFR §1.56. it is not infended fo constitute an admission that any patent,
publication or other information referred to therein is "prior art" for this invention unless specifically
designated as such,

In accordance with 37 CFR §1.97(g). the filing of this Information Disclosure Statement shall
not be construed to mean that a search has been made or that no other material information as
defined in 37 CFR §1.56(a) exists, It is submitted that the Information Disclosure Statement is in
compliance with 37 CFR §1.98 and MPEP §609 and the Exanniner is respectfully requested to consider
the listed references,

Respectfully submitted,
) TECH, JNC.
Date: January 29, 1999 By: 00 )

Wenciy M, lee
Reg. No. 40,378

1 DNA Way

So. San Francisco, CA 94080-4990
Phone: (650) 225-1994

Fax; (650) 952-9881
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Patent Docket PO709P1

IR ITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Group Art Unif: 1642

Paul J. Carter et al. Examiner: J. Reeves

Serial No.: 08/146,206

Cniia b | CERTIFICATE OF MAILING " - i
: 1 hareby certr!'y-lhal-thls conaspandﬂnoe is bslng dapwllad wlth lhs Umted Slalas;’
F“ed NOVBI’T’I ber ] 7, ] 993 Poslal Service as First Class Mail with: sufﬁcrer:[ poslage In an en\mlupa

addmssed 1o: Asslstani Commissioner of Falan15 Washlngion D.C. 20231 n.n o]

METHOD FOR MAKING HUMANIZED
ANTIBODIES

For:

g1

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

A
LR

Assistant Commissioner of Patents

WGshlno%on, D.C. 20231
003 070630 08146206

v

Hd 91 Y 66
3'?? TN H

0BT dnoyn

-l

Sir: 240,00 CH
Applicants submit herewith patents, publications or other information (attached herré%o cnd

listed on the attached Form PTO-1449) of which they are aware, which they believe ﬁay be
material to the examination of this application and in respect of which there may be a du’ry to

disclose in accordance with 37 CFR §1.56.

This Information Disclosure Statement:
(@) () accompanies the new patent application submitted herewith, 37 CFR §1.97(Q)

(b) 0 s filed within three months after the filing date of the application or within three
months dffer the date of entry of the national stage of a PCT application as set forth

in 37 CFR§1.491.
as far as is known to the undersigned, is filed before the mailing date of a first Office

action on the merits.

©0

(d 0 isfiled affer the first Office Action and more than three months after the application's
filing date or PCT national stage date of enfry filing but, as far as is known to the
undersigned, prior to the malling date of either a final rejection or a notice of
allowance, whichever occurs first, and is accompanied by either the fee (§240) set
forth in 37 CFR §1.17(p) or a statement as specified in 37 CFR §1.97(e). as checked
below. Should any fee be due, the U.S, Patent and Trademark Office is hereby
authorized to charge Deposit Account No. 07-0630 in the amount of §240.00 fo cover
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the cost of this Information Disclosure Statement, Any deficiency or overpayment
should be charged or credited to this deposit account. A duplicate of this sheet is
enclosed.

(e) ) s filed after the mailing date of either a final rejection or a nofice of allowance,
whichever occurred first, and is accompanied by the fee (§130) set forth in 37 CFR
§1.17()) and a statement as specified in 37 CFR §1.97(e), as checked below. This
document is to be considered as a petition requesting consideration of the
informatfion disclosure statement, The U.S. Patent and Trademark Office is hereby
authorized to charge Deposit Account No. 07-0630 in the amount of §130.00 to cover
the cost of this Information Disclosure Statement. Any deficiency or overpayment
should be charged or credited fo this deposit account. A duplicate of this sheet is
enclosed.

(M (x) is filed after the mailing date of a final rejection. but a request to withdraw the
finality thereof under 37 CFR § 1.129(a) was submitted on August 24, 1998. The U.S.
Patent and Trademark Office is hereby authorized to charge Deposit Account No,
07-0630 to cover the cost of this Information Disclosure Statement in the event that

any fees are due. A duplicate of this sheet is enclosed.

(=

(If either of boxes (d) or (e) is checked above, the following statement under 37 CFR §1.97(e)

may need to be completed.) The undersigned states that:

0 Each item of information contained In the information disclosure statement was
cited in a communication mailed from a foreign patent cffice in a counterpart
foreign application not more than three months prior to the filing of this information
disclosure statement.

(x) No item of information contained in this information disclosure statement was cited
in o communication mailed from a foreign patent office in a counterpart foreign
application and, to the knowledge of the undersigned after making reasonable
inquiry, was known to any individual designated in 37 CFR §1.56(c) more than three
months prior to the filing of this information disclosure statement.

Alist of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).
A copy of the items on PTO-1449 is supplied herewith:

(x) each () none () only those listed below:

A concise explanation of relevance of the items listed on PTO-1449 is:

(x) not given
0 given for each listed item
0 given for only non-English language listed item(s) (Required)
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0 in the form of an English language copy of a Search Report from a foreign patent
office, issued in a counterpart application, which refers to the relevant portions of
the references.

The Examiner is reminded that a "concise explanation of the relevance" of the submitted
prior art "may be nothing more than identification of the particular figure or paragraph of the
patent or publication which has some relation to the claimed invention." MPEP §609.

While the information and references disclosed in this Information Disclosure Statement may
be "material' pursuant to 37 CFR §1.56, it is notf infended to constitfute an admission that any patent,
publication or other information referred to therein is "prior art” for this invention unless specifically
designated as such.

In accordance with 37 CFR §1.97(g), the filing of this Information Disclosure Statement shall
not be construed to mean that a search has been made or that no other material information as
defined in 37 CFR §1.56(a) exists. It is submitted that the Information Disclosure Statement is in
compliance with 37 CFR §1.98 and MPEP §609 and the Examiner is respectfully requested to consider
the listed references.

Respectfully submitted,

ENMC‘H, {C.
Date: Mcrchq_ 1999 By: l ' )

Wendy M. Lee
Reg. No. 40,378

1 DNA Way

So. San Francisco, CA 94080-4990
Phone: (650) 225-1994

Fax: (650) 952-9881
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: . fw UNITED STAQ DEPARTMENT OF COMMERCE

.

j Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

\ iy
APPLICATIONNO, | FILNGDATE | FIRST NAMED INVENTOR | ArToRNEY DOCKETNO, |
02/146,206  11/17/9%3  CARTER F 709F 1
Fay HMZZ/0329 ) [ EXAMINER l
GENENTECH, INC. REEVES. .J
1 DNA WAY
SOLUTH SAN FRANCISCO CA 94080-4990 [ astuwr | PaPER nuMBER |
1642 0
DATE MAILED: D3/29/99

Please find below and/or attached an Office communication concerning this application or
proceeding. >

Commissloner of Patents and Trademarks

PTO-90C (Rev. 2/95) 1. Flla
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Application No. Applicant(s)
08/146,206 Carter et al
Office Action Summary St e l ” M
iwe rnemo [ [

Responsive to communication(s) filed on Aug 26, 1998

[J This action is FINAL,

[C] Since this application is in condition for allowance except for formal matters, prasecution as to the merits is closed
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

A shortened statutory period for response to this action is set to expire zerg  month(s), or thirty days, whichever
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of

37 CFR 1.136(a). :

Disposition of Claims

X Claimi(s) 43-128 is/are pending in the application.
Of the above, claim(s) is/are withdrawn from consideration.

(] Claim(s) is/are allowed.

[ Claim(s) is/are rejected.

1 Claim(s) is/are objected to.

Xl Claims 43-128 are subject to restriction or election requirement.

Application Papers
[] See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948.

(] The drawing(s) filed on is/are objected to by the Examiner.

[l The proposed drawing correction, filed on is [hpproved [“Wisapproved.

[] The specification is objected to by the Examiner.
[C] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
[] Acknowledgement is made of & claim for foreign priority under 35 U.S.C. § 119(a)-(d).
[Jan [CJSome* [JNone of the CERTIFIED copies of the priority documents have been
[] received.
[l received in Application No, (Series Caode/Serial Number)

[] received in this national stage application from the International Bureau (PCT Rule 17.2(a)).
*Certified copies not received: '
[0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)
] Notice of References Cited, PTO-892
[J Information Disclosure Statement(s), PTO-1449, Paper Nol(s).
X Interview Summary, PTO-413 8
[J Notice of Draftsperson's Patent Drawing Review, PTO-948
[] Notice of Informal Patent Application, PT0O-152

—- SEE OFFICE ACTION ON THE FOLLOWING PAGES —

U. S. Patent and Trademark Office

PT0-326 (Rev. 9-95) Office Action Summary Part of Paper No. 48
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Art Unit: 1642

)\ Restriction is required under 35 U.S.C. 121 and 372.
2. This application contains claims directed to more than one species of the generic
invention. These species are deemed to lack unity of invention because they are not so linked as
to form a single general inventive concept under PCT Rule 13.1.

The species are as follows:

Species A: 4L

Species B:  38L

Species C:  43L

Species D:  44L

Species E: 46L

Species F:  S8L

Species G:  62L

Species H:  65L

Species [: 66L

Species J: 67L

Species K:  68L

Species L: 69L

Species M:  73L

Species N 85L

Species O:  98L
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Art Unit: 1642

Species P: 2H

Species Q:  4H

Species R:  36H

Species S: 39H

Species T: 43H

Species U:  45H

Species V:  69H

Species W:  70H

Species X 74H

Species Y 75H

Species Z: T6H

Species AA: 78H

Species BB: 92H

Species CC: noncovalently binds antigen directly

Species DD: interacts with a CDR

Species EE:  comprises a glycosylation site which affects the antigen binding or affinity
of the antibody

Species FF:  participates in the VL-VH interface by affecting the proximity or
orientation of the VL and VH regions with respect to one another.

Species GG 24H
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Art Unit: 1642

Species HH  73H
Species Il 76H
Species 1] 78H

Species KK 93H

Applicant is required, in reply to this action, to elect a single species to which the claims
shall be restricted if no generic claim is finally held to be allowable. The reply must also identify
the claims readable on the elected species, including any claims subsequently added. An argument
that a claim is alloWable or that all claims are generic is considered non-responsive unless
accompanied by an election.

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims

to additional species which are written in dependent form or otherwise include all the limitations
of an allowed generic claim as provided by 37 CFR 1.141. If claims are added after the election,
applicant must indicate which are readable upon the elected species. MPEP § 809.02(a).
3. The claims are deemed to correspond to the species A-BB listed above in the following
manner: Claims 47-70 and claims 76-103 are limited to one of Species A-BB, respectively.
Claims 107-110 are limited to one of the species CC-FF, respectively.

The following claim(s) are generic:

Claims 43-46, 71-75, 104-105 are generic for Species A-BB.

Claims 106. 111-114, 128 are generic for Species CC-FF.
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Art Unit: 1642

Claims 115-118, 124-126 are generic for Species GG-KK
4. The species listed above do not relate to a single general inventive concept under PCT
Rule 13.] because, under PCT Rule 13.2, the species lack the same or corresponding special
technical features for the following reasons: each of the particular amino acid substitution
positions recited in Species A-BB or GG-KK or each of the functional definitions of amino acid
substitution changes recited in Species CC-FF result in different primary amino acid structure
which would result in different secondary, tertiary, and quaternary structure yielding a protein
with different biological, physiological and immunological properties, including different
immunogenicity and antigen binding functions. Further, species EE, for example, recites the
addition of a glycosylation site, which would involve the presence of a carbohydrate moiety and
its affect on amino acid structure. The examination of all species would require the consideration
of different patentability issues.

Applicant is advised that the reply to this requirement to be complete must include an
election of the invention to be examined even though the requirement be traversed (37
CFR 1.143),
4 Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the currently
named inventors is no longer an inventor of at least one claim remaining in the application. Any
amendment of inventorship must be accompanied by a petition under 37 CFR 1.48(b) and by the

fee required under 37 CFR 1.17(i).
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