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20  antibodies having similar binding properties and antibodies (or other

antagonists) having similar functionality as antibodies disclosed herein.

3. Background of the Technology

25 Regulation of immune response in patients would provide a desirable
treatment of many human diseases that could lead to a specificity of action that
is rarely found through the use of conventional drugs. Both up-regulation and
down-regulation of responses of the immune system would be possible. The
roles of T cells and B cells have been extensively studied and characterized in

30 connection with the regulation of immune response. From these studies, the role
of T cells appear, in many cases, to be particularly important in d1sease

prevention and treatment.
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t he process. Thus, what effect any particul ar signal
may have on the imune response generally varies and
depends on the particular factors, receptors and 5
counter-receptors that are involved in the pathway.
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proliferation of antigen specific T-cells. Lack of co-stimulation, and the
concomitant inadequacy of IL-2 production, prevent subsequent proliferation of
the T cell and induce a state of non-reactivity termed "anergy". A variety of
viruses and tumors may block T cell activation and proliferation, leading to
30  insufficient activity or non-reactivity of the host's immune system to the

infected or transformed cells. Among a number of possible T-cell disturbances,



pat hogeni ¢ or tunorgenic cells. The use of the B7
protein to nmediate anti-tunor immunity has been
described in Chen et al. Cell 71:1093-1102 (1992) and
Townsend and Allison 5 Science 259: 368 (1993).
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25  approach complete sequence identity in their cytoplasmic domains (Dariavach
et al. Eur. J Immunol. 18:1901-1905 (1988)). CTLA-4 is a member of the
immunoglobulin (Ig) superfamily of proteins. The Ig superfamily is a group of
proteins that share key structural features of either a variable (V) or constant (C)
domain of Ig molecules. Members of the Ig superfamily include, but are not

30 limited to, the immunoglobulins themselves, major histocompatibility complex
(MHC) class molecules (i.e., MHC class I and IT), and TCR molecules.



In 1991, Linsley et al. J. Exp. Med. 174:561-569
(1991), proposed that CTLA-4 was a second receptor for
B7. Simlarly, Harper et al. J Imunol 147:1037-44
(1991) denonstrated that the CTLA-4 and CD28 nol ecul es
are closely related in both nouse and human as to
sequence, nessage expression,, 5 gene structure, and
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30  (1993). But, see, Freeman et al. J Immunol 161:2708-15 (1998) who discuss

finding that BB1 antibody binds a molecule that is identical to the cell surface
form of CD74 and, therefore, the BB1 mAb binds to a protein distinct from B7-



formof CD74 and, therefore, the BB 1 mAb binds to a
protein distinct fromB7 5 1, and this epitope is

al so present on the B7-1 protein. Thus, this
observation required the field to reconsider studies
using BBl mAb in the analysis of CD80 expression and
function. Beginning in 1993 gnd cul mnating in 1995,
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25 T cell activation and mamlalmng immunologic homeosta51s Also, Krummel
and Allison J Exp Med 182:459-65 (1995) further clarified that CD28 and
CTLA-4 have opposing effects on the response of T cells to stimulation. They
generated an antibody to CTLA-4 and investigated the effects of its binding to
CTLA-4 in a system using highly purified T cells. In their report, they showed
30 that the presence of low levels of B7-2 on freshly explanted T cells can partially
inhibit T cell proliferation, and this inhibition was mediated by interactions with

CTLA-4. Cross-linking of CTLA-4 together with the TCR and CD28 strongly



30 that the presence of low levels of B7-2 on freshly
explanted T cells can partially inhibit T cell
proliferation, and this inhibition was nedi ated by
interactions with CTLA-4. Cross-linking of CTLA-4
together with the TCR and CD28 strongly 6 inhibits
proliferation and IL-2 secretéon by T cells. Finally,
the results showed that CD28 and CTLA-4 deliver
opposin als th ear. to n
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25  resting human CD4+ T cells. Their results demonstrated that some CTLA-4
mAbs could inhibit proliferative responses of resting CD4+ cells and cell cycle
transition from GO to G1. The inhibitory effects of CTLA-4 were evident within
4 h, at a time when cell surface CTLA-4 expression remained undetectable.
Other CTLA-4 mAbs, however, had no detectable inhibitory effects, indicating
30 that binding of mAbs to CTLA-4 alone was not sufficient to mediate down-
regulation of T cell responses. Interestingly, while IL-2 production was shut off,

inhibitory anti-CTLA-4 mAbs permitted induction and expression of the cell



4 h, at a tinme when cell surface CTLA-4 expression
remai ned undetectable. Oher CTLA-4 mAbs, however,
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25  (Leishmania donovani).

In connection with cancer, Kwon et al. PNAS US4 94:8099-103 (1997)
established a syngeneic murine prostate cancer model and examined two
distinct manipulations intended to elicit an antiprostate cancer response through
enhanced T cell costimulation: (i) provision of direct costimulation by prostate

30  cancer cells transduced to express the B7.1 ligand and (ii) in vivo antibody-

mediated blockade of T cell CTLA-4, which prevents T cell down-regulation. It

was demonstrated that in vivo antibody-mediated blockade of CTLA-4 '
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In connection with vaccine immunization, Horspool et al. J Immunol
160:2706-14 (1998) found that intact anti-CTLA-4 mAb but not Fab fragments
suppressed the primary humoral response to pCIA/beta gal without affecting
recall responses, indicating CTLA-4 activation inhibited Ab production but not
30 T cell priming. Blockade of the ligands for CD28 and CTLA-4, CD80 (B7-1)
and CD86 (B7-2), revealed distinct and nonoverlapping function. Blockade of

CD80 at initial immunization completely abrogated primary and secondary Ab
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absence of CD28, indicating that antagonism of a TCR-medJated signal is

sufficient to explain the inhibitory effect of CTLA-4. Also, Lin et al. J Exp Med
25 188:199-204 (1998) studied rejection of heart allografts in CD28-deficient mice.

H-2(q) hearts were transplanted into allogeneic wild-type or CD28-deficient
mice (H-2(b)). Graft rejection was delayed in CD28-deficient compared with
wild-type mice. Treatment of wild-type recipients with CTLA-4-
immunoglobulin (Ig), or with anti-B7-1 plus anti-B7-2 mAbs significantly
30 prolonged allograft survival. In contrast, treatment of CD28-deficient mice with
CTLA-4-1g, anti-B7-1 plus anti-B7-2 mAbs, or a blocking anti-CTLA-4 mAb

induced acceleration of aliograft rejection. This increased rate of graft rejection
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which éﬁﬁrrg CTLA-4 positive, could be inportant to

i miune regul ation. Accordingly, in view of the broad

and pivotal role that CTLA-4 appears to possess in

i mrune respo le to

generate an??Eg;ﬁkgé&mTJO&QWE%ﬁilgg?& e=utilized

asef f ect i Pighye 1 grovidexLusetiéseofapyleotide and an amino acid sequences of

heavy chain and kappa light chain immunoglobulin molecules in accordance
with the invention: 4.1.1 (Figure 1A), 4.8.1 (Figure 1B), 4.14.3 (Figure 1C),
6.1.1 (Figure 1D), 3.1.1 (Figure 1E), 4.10.2 (Figure 1F), 2.1.3 (Figure 1G),
4.13.1 (Figure 1H), 11.2.1 (Figure 1I), 11.6.1 (Figure 1J), 11.7.1 (Figuré 1K),
12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M).

Figure 2 provides a sequence alignment between the predicted heavy
chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,
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The Figure also shows the pdsitions of the CDR1, CDR2, and CDR3 sequences

of the antibody as underlined.

25 Figure 6 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 2.1.3 and the germline A10/A26
amino acid sequence. Differences between the A10/A26 germline sequence and
that of the sequence in the clone are indicated in bold. The Figure also shows
the positions of the CDR1, CDR2, and CDR3 sequences of the antibody as

30  underlined. '

Figure 7 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.3.1 and the germline Al17



Figure 5 provides a sequence alignnment between the
predi cted kappa 20 light chain am no acid sequence of
the clones 3.1.1, 11.2.1, 11.6.1, and 11.7.1 and the
germine 012 am no acid sequence. Differences between
the 012 germine sequence and that of the sequence in
the clone are indicated in bgld. The Fi gure al so
shows the positions of the CDRI, CDR2, and CDR3
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to SDS-PAGE is provided in 10C; and SEC of the 4.1.1 antibody in 10D.

Figure 11 shows the expression of B7-1 and B7-2 on Raji cells using
anti-CD80-PE and anti-CD86-PE mAbs.

Figure 12 shows the concentration dependent enhancement of IL-2

25  production in the T cell blast/Raji assay induced by anti-CTLA-4 blocking
antibodies (BNI3, 4.1.1, 4.8.1, and 6.1.1).

Figure 13 shows the concentration dependent enhancement of IFN-y
production in the T cell blast/Raji assay induced by anti-CTLA-4 blocking
antibodies (BNI3, 4.1.1, 4.8.1, and 6.1.1)(same donor T cells).

30 Figure 14 shows the mean enhancement of IL-2 production in T cells
from 6 donors induced by anti-CTLA-4 blocking antibodies in the T cell
blast/Raji assay.
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antl qgﬁmma%%gdl es (4.1.1 and 11.2.1) of the

[ nven ionin hour T blast/Raji and Superantigen
(whol e bFgect ahdshpes i qoise rdapendém ochhamementc b 3k-2¢ piokisction

ﬂ‘o mcglced by anti-CTLA4 antibodies (4.1.1 and 11.2.1) of the invention in a 72
hour Superantigen whole blood assay stimulated with 100 ng/ml superantigen.

Figure 22 provides a series of additional nucleotide and amino acid

sequences of the following anti-CTLA-4 antibody chains: full length 4.1.1

heavy chain (cDNA 22(a), genomic 22(b), and amino acid 22(c)), full length

25 aglycosylated 4.1.1 heavy chain (cDNA 22(d) and amino acid 22(e)), 4.1.1 light

chain (cDNA 22(f) and amino acid 22(g)), full length 4.8.1 heavy chain (cDNA

22(h) and amino acid 22(i)), 4.8.1 light chain (¢cDNA 22(j) and amino acid

22(k)), full length 6.1.1 heavy chain (¢cDNA 22(l) and amino écid 22(m)), 6.1.1

light chain (cDNA 22(n) and amino acid 22(0)), full length 11.2.1 heavy chain

30 (cDNA 22(p) and amino acid 22(q)), and 11.2.1 light chain (cDNA 22 (r) and

amino acid 22(s)).



15 donors) assays. Figure 20 shows dose dependent
enhancenent of I1L-2 production induced by anti-CTLA4
antibodies (4.1.1 and 11.2.1) of the invention in a 72
hour T blast/Raji assay. Figure 21 shows dose
dependent enhancenent of IL-2 production 20 induced
by anti-CTLA4 antibodies (4.}.1 and 11.2.1) of the
invention in a 72 hour Superantigen whol e bl ood assay
stimulated with 10qhmguggyg%l ﬁ@&kﬂ% Fi gure 22
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NO 70. | in asrotdange wnlefaesmcwd aspdso df ﬂ@mresenmrevanmb@dsp is

provided an antibody comprising a heavy chain amino acid sequence

comprising SEQ ID NO:1 and a light chain variable amino acid sequence
comprising SEQ ID NO:14.

25 In accordance with a third aspect of the present invention, there is
provided an antibody comprising a heavy chain amino acid sequence
comprising SEQ ID NO:2 and a light chain variable amino acid sequence
comprising SEQ ID NO:15.

In accordance with a fourth aspect of the present invention, there is

30 provided an antibody comprising a heavy chain amino acid sequence
comprising SEQ ID NO:4 and a light chain variable amino acid sequence

comprising SEQ ID NO:17.



15 further conprises a light chain variable region

am no acid sequence conprising a sequence sel ected
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I D NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ I D NG 17,
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about 0.38 nM. In another préferred embodiment, the antibody inhibits b'inding
between CTLA-4 and B7-1 with an ICsy of lower than about 100 nM or greater

25  and preferably lower than about 0.50 nM. In another preferred embodiment, the
antibody enhances IL-2 production in a T cell blast/Raji assay by about 500
pg/ml or greater and preferably by about 3846 pg/ml or greater. In another
preferred embodiment, the antibody enhances IFN-y production in a2 T cell
blast/Raji assay by about 500 pg/ml or greater and preferably by about 1233

30 pg/ml or greater. In another preferred embodiment, the antibody enhances IL-2
production in a hPBMC or whole blood superantigen assay by about 500 pg/ml

or greater. In another preferred embodiment, the antibody enhances IL-2



| ower mammual i an species, preferably the | ower
manmal i an speci es conprises nouse, rat, and rabbit
and nore preferably nouse and rat. |n another
preferred 15 enbodi nent, the antibody is cross
reactive with CTLA-4 fromprinmates, preferably the
primates conprise cynonol goys and rhesus nonkeys. In
anot her preferred enbodi ment, the anti body possesses
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25| Ny production in a T cell blast/Raji assay by about 500 pg/ml or greater and

I'S

preferably by about 1233 pg/ml or greater. In another preferred embodiment,
the antibody induces IL-2 production in a hPBMC or whole blood superantigen
assay by about 500 pg/ml or greater. In another preferred embodiment, the
antibody enhances IL-2 production in a hPBMC or whole blood superantigen

30  assay by about 500 pg/mi or preferably 1500 pg/ml or greater or by greater than
about 30% or preferably 50% relative to control.



anot her preferred enbodi nent, the antibody is cross
reactive wwth CTLA-4 from prinmates, preferably the
pri mates conpri se cynonol gous and rhesus nonkeys. In
anot her preferred enbodi nent, the anti body possesses a
selectivity for CTLA-4 over CD28, B7-2, CD44, and
hlgG@ of greater than about ;300:1 and 15 preferably
about 500:1 or greater. In another preferred
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bl ood superantlgen 30 asgay by about 50
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In accordance with a seventh asPect of the pr esent
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CTLAythkiné 9{8@5&%@9 maas Y)’luﬁﬂ@l‘ RelRBy390 pg/ll Sr Segtbience
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by a huimﬁcovﬁaecesyltbén@nﬂlaﬁﬁppsﬁ SpBe REAsEnt| ipygEEEN.j there is
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il [ 204l r
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Seq%ﬁ]&)eeﬁnibgléy ﬁgsltﬁ%s%oqlg\t/ﬁg pwbemcgl’g lﬁnd?ing affinity for CTLA-4 of

25  about 10° or greater; inhibits binding between CTLA-4 and B7-1 with an ICsp -

of about 100 nM or lower; inhibits binding between CTLA-4 and B7-2 with an

ICsp of about 100 nM or lower; and enhances cytokine production in an assay of
human T cells by 500 pg/ml or greater.

In accordance with a tenth aspect of the present invention, there is

30 provided a cell culture system for assaying T cell stimulation, comprising a

culture of human T cell blasts co-cultured with a Raji cell line. In a preferred

embodiment, the T cell blasts are washed prior to culture with the Raji cell line.



10 In accordance with an ei ghth aspect of the present
invention, there is provided an antibody that binds
to CTLA-4, conprising a heavy chain am no acid
sequence conprising human FR1, FR2, and FR3 sequences
encoded by a human VH 3-33 gene fam |y operably
linked in frame with a CDRl,;jsa CDR2, and a CDR3
sequence, which anti body has the follow ng properties:
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25 provided an assay for measuring T cell stimulation, comprising: providing a
population of human peripheral blood mononuclear cells or human whole blood
stimulated with staphylococcus enterotoxin A; contacting the culture with an
agent; and measuring cytokine production by the cell population.

In accordance with a sixteenth aspect of the present invention, there is

30 provided a functional assay for screening a moiety for T cell stimulatory
function, comprising: providing a population of human peripheral blood

mononuclear cells or human whole blood stimulated with staphylococcus



line; contacting the culture with the noiety; and
assessi ng cytokine production by the culture. 10 In
accordance with a thirteenth aspect of the present
invention, there is provided a T cell stinulatory
assay for CTLA-4 inhibitory function, conprising
contacting a culture conpriging human T cell blasts
and a Raji cell line with an agent and assessi ng
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a seventeenth aspect of the present invention, there
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whol e bl ood stinulated with staphyl ococcus enterotoxin
A wth an agent and assessing cytokine production by
the cell population. In accordance with an ei ghteenth
aspect of the present invention, there is provided a
nmet hod for screening an agent for T cell stinulatory

activity, 1o conprising: qgogptacting the agent with a
popul ati on of human peri pheral bl ood nononucl ear cells

TRE %%Qnm%xﬁ aEl g)%jw&és ar;qyloﬁg %?l h¥ eWob%B%R%ﬁ C? %ﬁscegij)elow and

ok ne pro
lTﬁ%ECéW Sgﬁﬂﬁﬁﬁ”oh ?ﬁ each of t he flfteenth through

the ei ght eent h s esent . i_nvention,

Tor ef €} R oD A @mﬂe#ef %ﬁaﬁﬁqugmr - IT“H%Hcﬁﬁ aitgsn 4
prefég?éé~1&8£@ﬁ@88@ﬁ@ﬁ¢““ WnhBeodduct i on i s

neasured in supernatant isolated fromthe culture. In

2a pr diherpdbodypaydergmsnt accortingferiein &, vaheraintsaidomyibadyor fragment
pr ef enlabits/hurhamddLAe4 BRdmedo Bioh withree Ipsesiabout 100 nM or lower

i nventlieosin ahid anpbalyi e st Eayt cva@rafertlylselceted o therdrsup consisting
di sclodsed bel ow and indicated wwth the nunbers 1 to
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fragnent tdfemeof. 2. The anti body or fragnent
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h) binds to a conformational epitope on human CTLA-4; and

1) inhibits human tumor growth.

3. A process to make an antibody that binds to CTLA-4, comprising:

a) immunizing a non-human mammal with an immunogen comprising
CTLA-4, wherein the mammal is capable of expressing human antibodies
in B celis of the animal;

b) isolating B cells from the mammal;

c) screening said B cells, or cell lines derived therefrom, for antibodies that
bind to CTLA-4;

d) culturing a cell line expressing antibodies that bind to CTLA-4; and

€) 1solating the antibodies that bind to CTLA-4.
4. An antibody that binds to CTLA-4 that 1s produced by the process of claim 3.

5. The antibody or fragment of claim 1 comprising a heavy chain variable region
amino acid sequence that utilizes a human V;3-33 family gene.



f) does not bind CTLA-4 from nouse, rat or rabbit; g)
bi nds CTLA-4 from cvnonol ogous and rhesus nonkeys; h)
binds to a conformati onal epitope on human CTLA-4; and
i) inhibits human tunor growth. 3. A process to nake
an antibody that binds to CTLA-4, conprising: a)

i mmuni zi ng a non- human mamEbbwi th an i nmunogen
conprising CTLA-4, wherein the mamml is capable_of
expressing human antibodies in B cells of the anim
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9. The antibody or fragment according to claim 8, wherein said germline amino acid

sequence of a human A27 Vk gene contains at least one mutation selected from
the group consisting of:

a) at least one amino acid in the CDR1 is deleted compared to the human
A27 Vk gene germline amino acid sequence;

b) the serine residue at position 6 in the germline CDR3 shown in Figure 4 of
the human Vk A27 gene has been replaced; and

c) the CDR1 contains at least one conservative or non-conservative amino

acid substitution compared to the human Vk A27 gene germline amino
acid sequence.

10. The antibody or fragment according to any one of claims 1, 2 and 4 to 9

comprising a light chain CDR1, CDR2 or CDR3 sequence of any antibody shown
in Figures 4 to 8.

11. The antibody or fragment according to any one of claims 1, 2 and 4 to 10

compnsmo light chain CDR1, CDR2 and CDR3 sequences of an antibody shown
in Figures 4 to 8.



germ i ne sequence with at least 1 nutation; d) the
germine am no acid sequence of a human Al Vx gene or
said germine sequence with at |least 1 nutation; and
e) the germine am no acid sequence of a human A3/ Al9
VK gene or said germine sequence with at |east 1
mut ati on. 9. The anti body orjgtragnent according to
claim8, wherein said gernline amno acid sequence of
a human A27 VK gene contains at |east one nutation
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germline sequence with at least 1 mutation.

17. The antibody or fragment according to any one of claims 1, 2 and 4 to 14
comprising a heavy chain CDR1, CDR2 or CDR3 sequence shown in Figure 2.

18. The antibody or fragment according to any one of claims 1, 2 and 4 to 14, wherein

the heavy chain comprises the CDR1, CDR2 and CDR3 amino acid sequences of
an antibody shown in Figure 2.

19. The antibody or fragment of claim 18, wherein the heavy chain CDR1, CDR2 and
CDR3 amino acid sequences have up to five conservative substitutions compared
to those of the antibody in Figure 2.

20. The antibody or fragment according to any one of claims 1, 2, 4 and 7 to 14
comprising the heavy chain variable region of amino acid sequences selected
from the group consisting of SEQ ID NO: 1-13 without a signal peptide sequence.

21. The antibody or fragment according to any one of claims 1, 2 and 4 to 14
comprising the heavy chain variable region of amino acid sequences selected

from the group consisting of SEQ ID NO: 63-64, 66, 68 and 70 without a signal
peptide sequence.



the group consisting of SEQID NO 65, 67, 69 and 71
W t hout a signal peptide sequence. 15. The anti body
or fragnent according to any one of clains 1, 2 and 4
to 14, which has a heavy chain conprising the
germ i ne amno acid sequence of a human VH 3- 33
(DP-50) gene famly or saidigérm ine sequence with at
| east 1 nmutation. 16. The anti body or fragnent
according to any one of clainms 1, 2, 4 and 7 to 14
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or said gernline sequence with at |east 1 nutation.
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clains 1, 2 andN®:8@nd4he kghphaivivagatde ey arohai atid sequence in
CDR1, CDR2 or CbHRQ I®eUeh@e shown in Figure 2. 18.
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conprises the G aahR 5eEen AmEWRsihicggence in
of an anti body Ph2Fi gure 2. 19. The anti body or

fragment ofijcl aii@ht8vy Wher earubidR otaawYins BahRedRle in SEO ID
CDR2 and CDR3 8.8 26l hrRBflH fBL aﬂ%ﬁaﬁk@: it 8o 'at{'ﬁno acig
conservative sug§@£%gﬁgg%§%ﬁ9gR§Qg to those”o e
anti body in Figur . . e ant1body or fragnent
accordi ng tW anthedrevythat airmabldregdn afinndcid stquehbe in SEQ ID
conpri sing the Neawy, afiahe lighr dhabl irfaBBirégiof il R9d sequence in
aci d sequences SBRemIWd: ¢fyom the group consisting of
SEQ ID NO 1-13 wi thout a signal peptide sequence. 21.
The anti bo¥y or HErhgareshtaimresivl egiongming agdesegfence in SEQ ID
clains 1, 2 andN:t68, a the bight ¢heimypriable rhgen pmitmacid sequence in
vari abl e regi onSBR BN 6%cind sequences sel ected from
t he group nsi St of, S LD, NQ . 63-64, 66, 68 and
70 Wi t hout 9@ si e %%V)%%h |1der;sl%éecfueélr%1 .m”.lL?)aClgf%ueT‘ﬁ%m SEQID
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conpetjtively jnhjbits binding to CTLA- y
ref er 8hee Ei:.% 3 {alagylgépemﬁcny thaf'1s substantially the same as said reference
antibody or fragment.

23. The antibody or fragment of any one of claims 1, 2 and 4 to 7 that competitively
inhibits binding of a reference antibody to human CTLA-4, wherein the reference

antibody is antibody 4.1.1,4.8.1, 6.1.1 or 11.2.1 having the amino acid sequence
as shown in Figure 22.

24. The antibody according to claim 22, wherein the antibody comprises a CDR
sequence 1dentical to a CDR sequence of an antibody shown in Fi gure 22,

25. The antibody or fragment according to any one of claims 1, 2 and 4 to 7
comprising at least one of the following:

a) human FR1, FR2 and FR3 sequences encoded by a human Vy 3-33 gene
family or said gene family with conservative substitutions, a single non-
conservative substitution or both; or



fragment thereof selected fromthe group consisting
of: i) the heavy chain variable region am no acid
sequence in SEQID NO 3 and the light chain variable
region amno acid sequence in SEQID NO 16; ii) the
heavy chain variable regi on am no aci d sequence in SEQ
ID NO 8 and the |ight chaiigevari abl e regi on am no
acid sequence in SEQID NO 21; iii) the heavy chain
vari abl e regi on am' no aci d sequence in SEQID NO 63

or 64, and L %E} fQﬁR\éarl abl e regl 0 n‘hlrl]r%aI?Q/iKC‘jA27 gene
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conpetcidiiy @] ¥ and Mind DY tisd Hpihintagedicaly bk faBﬂ:Qﬁmer
anti body to human CTLA-4, wherein the reference
ast i bovyell Bneathid grodyced tHe dhtivddBorlfra@ndnt he@rdihg 16 ady one of claims
havi ng,thad anbnoe. aci d sequence as Shown in Fi gure 22.
24. The anti body according to claim22, wherein the
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sequeng@rQfy &% 0
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32. A host cell comprising the isolated nucleic acid of claim 30 or 31.
33. A transgenic mammal or plant comprising the isolated nucleic acid of claim 30 or

31, wherein the transgenic mammal or plant expresses said nucleic acid.

34. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof, wherein said antibody or
fragment is selected from the group consisting of:

a) the antibody or fragment comprising the heavy chain variable region
amino acid sequence in SEQ ID NO: 63 or 64, and further comprising the
light chain variable region amino acid sequence in SEQ ID NO: 65;

b) the antibody or fragment comprising the heavy chain variable region
amino acid sequence in SEQ ID NO: 66, and further comprising the light
chain variable region amino acid sequence in SEQ ID NO: 67;

c) the antibody or fragment comprising the heavy chain variable region
amino acid sequence in SEQ ID NO: 68, and further comprising the light
chain variable region amino acid sequence in SEQ ID NO: 69; and



famly or said gene famly with conservative
substitutions, a single non- conservative substitution
or both; or 19e b) human FR1, FR2 and FR3 sequences
encoded by a human VK A27 gene famly, or said gene
famly with conservative substitutions, a single non-
conservative substitution orl9oth. 26. The anti body or
fragnent of any one of clainms 1, 2 and 4 to 7 that
conprises a heavy chain am no aci d sequence

COﬁ'pr I:Eﬁl ng tl#]ehz%tﬁ:)g!iy é}hfrgorg h%FRS Se n%ﬁ%l?’f% Chﬂ{qtalllagatﬂg reglon
27. The antaE‘b Lo Clglseq‘ a r? apdh furthgy pmprising the light
wherei n t hEM&ATPHBR "o q?rawtd SCERFES 1% SERLIRBND: 71.

ggnomp| ﬁ’lg'gédrc‘mgfn Hg‘ﬁ ﬁﬁl&c@%ﬁ% thncw rgallgoéazgg llympgocyte antigen 4

on-ra

corrpog irl on useﬁted (}nﬁéh 5 2 tS“B«%O ancer,
fl
i} agrac | %Nméé%y a%% Qx’n[HZ%Ql& YegfORLL S E ﬁnﬁé BEH NP or 64

to 27 and I ?\f WEEESP QBI 1 @pinoggid sequence
cell line tﬂ%@rlfﬁne bﬁg FS én‘i”t}k%‘élﬁ S’cﬁ“alfﬁf’a@ﬁ%ﬁﬁquence
accor @ng taheany cliea@inotded fRuerke2ofPfstheSEFTD ,\ggl 66 without a

An i sol at ed;ghdrhéitice 8&judndenatd aelmgﬁﬁ J]gcq dLomprisi
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f ragmsht ofa tgavy:iclmr@ rwire il shquSice casmnmglmﬂ) NO: 68 without a
nucl ei ¢ acisgnakpaptide sgyuencecarall MG chgif agihy/ adid BéR@néOcomprising

an expressiSHQ I NO:r6vl wisleut @RSl RptidAsdRShecC §hd
conpr Iéﬁl ng the i sol.ated nucleic acid of claim 30

31. 38) A @ER%YEMAIR RipAgId %ﬁquwﬁr@pmﬁmusﬁQ@m 70 and a light
i sol at ed n&éﬁl@.%ﬂla@a@dé@qwa@ eangwisorg SBA IDWK@r éi n t he

t36ans |r(r:1 rqrar{na 9 nt expr e%ses sai d .nucl ei c
aci d. gz A Al n%aen Wi %tg Yy Yioic ibilwgghocyte antigen 4
cyt ot & l*A14 ) %‘Heﬁt Of(“@m&éb&?y gflecied from the group
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ant i g&RMBTHE ragrrent ther eof, wherein said

anti body or, far,a ent LS sgi)ectedfromthe rou

consi sting o ‘%\2 TR AHIR B SRABICC P R RERE §0r64
the heavy cHHIH a&&naﬁbqeetlaiee&qaﬁnce@mi &)ﬁl&?@l@@am sequence

in SEQ I D NOMPESIE-IEAID Aty truwithay a siampk peptide saguence;
l'i ght wyhai o, neaty ablif ah&d L4 %%e%%b%rﬁ%%%ﬁ) Nb:- Feithout a

I'D NG 65, signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 67 without a signal peptide sequence;

c) a heavy chain amino acid sequence comprising SEQ ID NO: 68 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 69 without a signal peptide sequence; and

d) a heavy chain amino acid sequence comprising SEQ ID NO: 70 and a light
chain amino acid sequence comprising SEQ ID NO: 71.

37. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4

(CTLA-4) or an antigen binding fragment thereof selected from the group
consisting of:

a) the heavy chain variable region amino acid sequence in SEQ ID NO: 3

and the light chain variable region amino acid sequence in SEQ ID NO:
16;



b) the anti body or fragnent conprising the heavy chain
variable region amno acid sequence in SEQ ID NO 66,

and further conprising the light chain variable

region am no acid sequence in SEQID NO 67; c) the

anti body or fragnent conprising the heavy chain

vari able region amno acid isgquence in SEQ ID NO 68,

and further conprising the light chain variable

region amno acid sequence in SEQ ID NO 69; and 19f
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and f ur t her®@dhphElicRynvAE2PIE gegion amiorpcidsdqupias in SEQ ID NO:
regi on am ndsaci d sequence in SEQ ID NO 71. 35. A
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I hocyt e ant| - A- 47 sel ect e fngﬁ“‘tehlg.&IQo :
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sequen€dland) ar du giber binidih cafi dheerd e cfecTHEEBE Erom the group
conpr i ®nggingSEQ | D NO 67 wi thout a signal peptide
sequence; c¢) a heavy chain am no acid sequence
conpr i @i ng SEQVY Bhadamb® adid baplene coiRAlg FRQUDAO: 3 and a light
sequence antham drhigblacialaiuenastHapAGhe SEOAEREL 1 6.
comprising SEQ ID.NO .69 w thout a signal peptide
sequende;  ahiFayy cBaipaBRO 2hQ FeAUSRT RO mEISH &RANO: 8 and a light

conpri si ng &M dMmnNeridzequende gompysing SERADNNGRhp aci d

sequenge C LSl - 36. A hu Lgen .

bi ndi ng. 11 agien ;f %tseQ‘Sg%éi%ﬂ“Z @fxﬁoywsrvgf%%igﬁt& A without
antigen 4 ?% 4. £P {HI Si.N aﬁ%e PaY iy JAcCPenehegomprising
anti body sefetted from the" @rsgg]'ﬁ PEUNEISERUCHEF 0f : a) a

heavy ®hai na beivipohait iathiseaue BeRee Wnptst SIERIDRNT without a

63 or 64 wighOptptRleSt@Rate RAPL 1SR FEAUBNES 2B ]
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65 wi thout a signal peptide seque a %éavy chain

am no acid sequence conprising SEQ 1D NO 66 w thout a

signal , pepti de sequence, and a |ight chain am no acid

sﬁe%uenA%ufc% qngfﬁ gl antlbo y that bmgs cytotoxic T lymphocyte antigen 4
(’Cef LA-4) or an antigen binding fragment thereof selected from the group
consisting of:

a) an antibody or fragment comprising a heavy chain amino acid sequence
comprigmg a CDR1, CDR2 and CDR3 sequence of antibody 4.13.1 as
shown in Figure 2 and a light chain amino acid sequence comprising a

CDRI1, CDR2 and CDR3 sequence of antibody 4.13.1 as shown in
Figure 4; and

b) an antibody or fragment comprising a heavy chain amino acid sequence
comprising a CDR1, CDR2 and CDR3 sequence of antibody 4.14.3 as
shown in Figure 2 and a light chain amino acid sequence comprising a
CDRI, CDR2 and CDR3 sequence of antibody 4.14.3 as shown in
Figure 4.

40. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof comprising a heavy chain



SEQ ID NO 67 without a signal peptide sequence; c) a
hegvy chain amno acid sequence conprising SEQ I D NO

68 without a signal peptide sequence and a |ight

chain am no aci d sequence conprising SEQ ID NO 69

wi thout a signal peptide sequence; and d) a heavy

chain amno acid sequence cadprising SEQ ID NO 70 and

a light chain amno acid sequence conprising SEQ ID

NO 71. 37. A human nonocl onal antibody that binds

cyt ot@Rine agidlspaysimoc yerepasing geIDRH , (IR AndHCDR3 Rfuence of antibody
ant i gein2.bianshaven frfeigarer aridhel @0ichsiglafihSakid 5@Meh&Ccomprising a
gr oupCDRONSDRRIAAG CIR3 8dqubhe: ﬁﬁog‘ﬁl.@.l\é‘g"sh&gﬂ: Fthigure 5.
region amno acid sequence in SEQID NO 3 and the

41i. ght A Glndiah mHotRRhIGNtBEd P hafBinA9 c @613 SE gﬁgxﬂ\%%vtie Ynth &% 4
ted fro
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NO &1, Can dti®odeaVKagi@it RoMPHSRR G LB%b A0 AVILIAAGk fie heavy
2 s e e
et on s el WS dncril M Pl
SE(eQ I D I\I)(/) %g{%xf}ﬁ’éaq isgﬂ‘fvng?wg}gﬁre&%ﬁngbl e regi on anino

aci d ®equemmcantibnd SEradndiDcotrprisia8 thelarhBRBi RS0 B the heavy
ant i body tdhatn ODRASh@YiER CDR T oflantbBBN 29 % 3%sRAGWE S Fure 2 and
(CTLA-4)  Othe ami4di@Subhdddifige fié}ﬁ%ﬂﬁﬂcﬁ??ﬁﬁg@ CDR3 of

sel ected f4BbiNg.193%Rho®ARS FRY O &) a vy

chain amno aci'd sequence conprising SEQ ID NO 3 and

4.1 i ghthumah aidnoalashﬁlla%nﬁ_ﬁb@ly ﬂﬁﬂbi%ﬁ&@ﬁfgg%&" gggqm\?ﬁ%?ah{?gen 4

NO  1@&TI-4%0 igeR Bindir Hriiindt It ising th I id
comoricaas ERCHEe s P et O T T
S€QqUErEBreCOIHRAMths hithoktd Ae[augge lii: t%lg?%f' O4gh CDR3 of
am noubhd, PEIUASECOPEIRHIY St -

si gnal pepti de séquence am ht chain am no ac: d
i Si i sl gnal .
AL IUEA Gamal TRotlold an%ggd)! BaNFnad Zyty)\%ogurgzoy }yrr?phocygte antigen 4
pepti L%Ae-gyce)rngneantigen binding fragment thereof comprising a heavy chain
prising y
variable region amino acid sequence comprising amino acid residues 1-89 of SEQ

ID NO: 9, and further comprising the light chain variable region amino acid
sequence in SEQ ID NO: 22.

44, A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof comprising a heavy chain
amino acid sequence comprising amino acid residues 1-89 of SEQ ID NO: 9, and
further comprising a light chain amino acid sequence comprising SEQ ID NO: 22.

45. The antibody or fragment according to claim 10 or 11, wherein the antibody or

fragment binds to human, cynomologous or marmoset CTLA-4 with about the
same on-rate and off-rate.

46. A pharmaceutical composition used in the treatment of cancer, inflammation or
autoimmunity comprising the antibody or fragment according to any one of
claims 34 to 45 and a pharmaceutically acceptable carrier.

47. A cell line that produces the antibody or fragment according to any one of claims
34 to 45.



d) a heavy chain am no acid sequence conprising SEQ ID
NO 1 without a signal peptide sequence and a |i ght
chain am no acid sequence conprising SEQ ID NO 14

wi t hout a signal peptide sequence. 39. A human

nonocl onal anti body that binds cytotoxic T |ynphocyte
antigen 4 (CTLA-4) or an afbj gen bi nding fragnment
thereof selected fromthe group consisting of: a) an
anti body or fragnent conprising a heavy chain am no

48ci d Avenolerdeucieanyid tangnoddediRE he &SRR tORBAt chain of an

sequentieodyf ordfighteatycchrdise fo &% ors Wik §3rkQus %r%é@glent of
a | i ghid eBRidwcYi no aci d sequénce conprising a :
CDR2 and CDR3 sequence of antibody 4.13.1 as shown in

451 gurie4sol @8l nileidAcAl P
heavséof;lﬁé) | Bo@H00 ac| ge gg‘gﬂé&gela&%g‘ﬁp@g}abﬁ TRt pression
sequence of anti body .14.3 as shown in

d
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(CTLA- 4%6 gFAAC TARSEgRIs BiRaehy H%Qﬁ%’ﬁfseﬁﬁ@ﬁ@@ﬂelc acid.
conprising a heavy cha| n 19h am no acid sequence
conprising a CDRI, CDR2 and CDR3 sequence of anti body
11.2.1 as shown in Figure 2 and a light chain am no
aci d sequence conprising a CDRl, CDR2 and CDR3
sequence of antlbody 11 2.1 as shomn in Figure 5. 41.

EMa ) m 3

Iyrrphocyte ant |gen 4 (CTLA— 4) or an antl gen bi ndi ng
fragnent thereof selected fromthe group consisting
of : a) &nacaoiaize dsymo;hc pmsegnmmnuomnnmm &k pepvided f&l[p W@nan
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antbl urtg x)f)rowdleé a?e a%%bg’c{] esvmlvmrg1 &Erlngyglgmgg gr%gemes and antibodies
(or other antagonists) having similar functionality as antibodies disclosed
herein. Hybridomas expressing such immunoglobulin molecules and

monoclonal antibodies are also provided.



the am no acid sequence of the |ight chain CDR

t hrough CDR3 of antibody 4.14.3 as shown in Figure 4.
42. A human nonocl onal antibody that binds cytotoxic T
| ynphocyte antigen 4 (CTLA-4) or an antigen binding
fragnment thereof conprising the amno acid sequence
of the heavy chain CDRI throwgh CDR3 of anti body
11.2.1 as shown in Figure 2 and the amno acid

seqpemugoiaf the light chain CDRI through CDR3 of
anti %oay 11.2.1 as shown in Figure 5. 43. A human

nmonocl onal anti body that binds cytotoxic T |ynphocyte
anti gen hed GlileAvidd d&ned ti i ndi ng fragnent .
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phar maceutical. conposition used in the freatment of
C A SR B P oior o AT g sHpesopeRdietiens
antirlae dymmonth raa@iRiHshedGE eelird ak QeRAYedMeiR ThE bl TRig
har maceuti cal ly acceptabl e carrier.

134 t%PAS and, a P '
%47 . CADEEEY a1 PFcedHLes apsr graeralhys penframadh erdseding b convergionalt
ac coethods gDk iAnBe af a6d 8 BScriA ih YafiSus geflbral & mold
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nuc) ei ¢ aci d é9. The isol ated nucleic acid accor
to ?’ﬁ‘i"h\fbﬁsedop Pidpinyng iHKRon Liaboraene Risste el Spring Harbo,
265 qUEN¢B89H Owhith KO sicopBlated TR by ki eldle 11RO M EHatures
nucl eic acid of claim48 or 49.
utilized 1 connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well known and commonly
used 1n the art. Standard techniques are used for chemical syntheses, chemical
25 analyses, pharmaceutical preparation, formulation, and delivery, and treatment

of patients.

As utilized in accordance with the present disclosure, the following
terms, unless otherwise indicated, shall be understood to have the following

30  meanings:



51. A transgenic mammal or plant conprising the

i solated nucleic acid of claim48 or 49, wherein the
transgeni ¢ mammal or plant expresses said nucleic
acid. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBCODI MENTS | n accordance with the present invention,
there are provided fully hungn nonocl onal anti bodies
agai nst human CTLA-4. Nucl eotide sequences encoding
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Def iHFFSEHS"Gnl ess ot herwi se defined herein,
scientific and technical terms used in connection
with the resent i n enthn hal | have the nmeanin
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25  thereof.

The term "naturally-occurring” as used herein as applied to an object

refers to the fact that an object can be found in nature. For example, a
polypeptide or polynucleotide sequence that is present in an organism

30  (including viruses) that can be isolated from a source in nature and which has
not been intentionally modified by man in the laboratory or otherwise is

naturally-occurring.



20 N.Y. (1989)), which is incorporated herein by
reference. The nonmenclatures wutilized in connection
with, and the | aboratory procedures and techni ques of,
anal ytical chem stry, synthetic organic chem stry, and
medi ci nal and pharmaceutical chem stry descri bed
herein are those well known znd comonly used in the
art. Standard techni ques are used for chem ca

synt heses, chemnical 25 analyses, pharmaceutica
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pol ypeptides in accordance with the invention conprise
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f or dewkybycleotides or a modified form of either type of nucleotide. The term

includes single and double stranded forms of DNA.

25 The term "oligonucleotide" referred to herein includes naturally
occurring, and modified nucleotides linked together by naturally occurring, and
non-naturally occurring oligonucleotide linkages. Oligonucleotides are a
polynucleotide subset generally comprising a length of 200 bases or fewer.
Preferably oligonucleotides are 10 to 60 bases in length and most preferably 12,

30 13, 14, 15, 16, 17, 18, 19, or 20 to 40 bases in length. Oligonucleotides are
usually single stranded, e.g. for probes; although oligonucleotides may be

double stranded, e.g. for use in the construction of a gene mutant,



conbi nati ons conprising the heavy chain i munogl obul i n
nol ecules with [ight chain imunogl obulin nol ecul es,
such as the kappa |ight chain inmunogl obulin
nol ecul es, and vice versa, as well as fragnents and
anal ogs 25 thereof. The term "naturally-occurring" as
used herein as applied to an;object refers to the
fact that an object can be found in nature. For
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that Ts present in an organism 30 (including viruses)
t hatligpanci¢ntidesol at ed from a source in nature and which
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for EXRtRkEs 1baseleeciOYURRERA. and fusi on part ner
sequences. 20 The term "pol ynucl eotide"” as referred to

herein neans a polyneric form of nucleotides of at
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str %qgc%rcfa%er@ltﬂfthe%mmn selectively hybridize to nucleic acid strands

under hybridization and wash conditions that minimize appreciable amounts of
detectable binding to nonspecific nucleic acids. High stringency conditions can
25  be used to achieve selective hybridization conditions as known in the art and
discussed herein. Generally, the nucleic acid sequence homology between the
polynucleotides, oligonucleotides, and fragments of the invention and a nucleic
acid sequence of interest will be at least 80%, and more typically with
preferably increasing homologies of at least 85%, 90%, 95%, $9%, and 100%.
30 Two amino acid sequences are homologous if there is a partial or complete
identity between their sequences. For example, 85.% homology means that 85%

of the amino acids are identical when the two sequences are aligned for



25 The term "ol igonucl eotide" referred to herein
i ncludes naturally occurring, and nodified
nucl eoti des |inked together by naturally occurring,
and non-naturally occurring oligonucleotide |inkages.
A igonucl eotides are a polynucl eotide subset
generally conprising a | engt$y of 200 bases or fewer.
Preferably oligonucleotides are 10 to 60 bases in
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congdidub:R88 "E@fparison window”, "sequence identity", "percentage of sequence
25  identity", and "substantial identity". A "reference sequence" is a defined
sequence used as a basis for a sequence comparison; a reference sequence may
be a subset of a larger sequence, for example, as a segment of a full-length
cDNA or gene sequence given in a sequence listing or may comprise a complete
cDNA or gene sequence. Generally, a reference sequence is at least 18
30 nucleotides or 6 amino acids in length, frequently at least 24 nucleotides or 8
amino acids in length, and often at least 48 nucleotides or 16 amino acids in

length. Since two polynucleotides or amino acid sequences may each (1)
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28 PROINRESIFAN RBGeRBEREY: ath biefhe Vemme methods is selected.

The term "sequcnce identity" means that two polynucleotide or amino
acid sequences are identical (i.e., on a nucleotide-by-nucleotide or residue-by-
residue basis) over the comparison window. The term "percentage of sequence

30 1identity" is calculated by comparing two optimally aligned sequences over the
window of comparison, determining the number of positions at which the

1dentical nucleic acid base (e.g., A, T, C, G, U, or ) or residue occurs in both



sequence”, "conparison w ndow', "sequence identity",
"percentage of sequence 25 identity", and "substantia
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25 include: 4-hydroxyproline, y -carboxyglutamate, s-N N ,N-trimethyllysine, €-N-

acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-

- methylhistidine, 5-hydroxylysine, o-N-methylarginine, and other similar amino
acids and imino acids (e.g., 4-hydroxyproline). In the polypeptide notation used
herein, the léﬂhand direction is the amino terminal direction and the righthand

30 direction is the carboxy-terminal direction, in accordance with standard usage

-and convention.



Rel ease 7.0, (Cenetics Conmputer G oup, 575 Science
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26 €UHCREE alahife WBHe, N8I Nandti n nventional. .
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25 and histidine; and a group of amino acids having sulfur-containing side chains is
cysteine and methionine. Preferred conservative amino acids substitution
groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine,

alanine-valine, glutamic-aspartic, and asparagine-glutamine.

30 As discussed herein, minor variations in the amino acid sequences of
antibodies or immunoglobulin molecules are contemplated as being

encompassed by the present invention, providing that the variations in the
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25 sequence data to public or proprietary sequence databases. Preferably,
computerized comparison methods are used to identify sequence motifs or
predicted protein conformation domains that occur in other proteins of known
structure and/or function. Methods to identify protein sequences that fold into a
known three-dimensional structure are known. Bowie et al. Science 253:164

30 (1991). Thus, the foregoing examples demonstrate that those of skill in the art
can recognize sequence motifs and structural conformations that may be used to

define structural and functional domains in accordance with the invention.
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long, usually at least 50 amino acids long, and even more preferably at least 70
amino acids long. The term "analog" as used herein refers to polypeptides
30  which are comprised of a segment of at least 25 amino acids that has substantial
identity to a portion of a deduced amino acid sequence and which has at least

one of the following properties: (1) specific binding to CTLA-4, under suitable



20 derivative. Assays are described in detail herein.
Fragments or anal ogs of antibodies or inrnunogl obulin
nol ecul es can be readily prepared by those of
ordinary skill in the art. Preferred am no- and
carboxy-termni of fragnents or anal ogs occur near
boundari es of functional domgins. Structural and
functional domains can be identified by conparison of
the Q% *
B R RO S s A e
contﬂ)t:émlntzdg @blhﬁa@'f O ﬁmrtﬁems ogH egrawtid it oyitkad@ntii f»yvo
seq C
Gonm7BE Bolnspd &Y analeE HrheRE o BbALAAMR AT TR it uion
st r (wt addéioanel/ deletianhcrithorespévbtthclis netwralliectirfing pegterien

eque : = nSi.0 .
S ASRRES bRl L8 el 30 afing SEAbnk Bl TR b pino
(199&¢shﬁhu&'kmgs,ﬁmdegobﬁglbxamﬁbmsademﬁﬂbkm@hemnhﬂb-
those of ski i the art can recogni ze sequence
not|?§ngﬁ§° Ri¢tur al . conformati ons t hat may be used
to define structural and functional domains in
accordange with the invention. 29 . Preferred
2o d suncfh etk BVPREUE it Brn® pRaTiled iy o
19US @6pbépiidt idius Wwith propeied ysilggouy B) thb&dblﬂ:fhe template peptide.

sus tibility to oxidation alte in
art iARey Bpes of g fhefR T Gratind S riee, "rpuieamiaptcs” or
bi ndpdjbgd@ﬁi&rleﬁtd’l eBauchdtel J544\4)Drag>m‘eer 15329 l(rm$|6§ yvateha.hd

e S 2T N e B o OF Mgl 210 asw)

S €0 WWHWRE art ﬁh@dSrpIn’@@B Eéa@n Hyatdférahdey - SGEH rcbmp&masniré Gften
sequence. For exa single or nultlgle amno acid

Subdeyaleped 3k ﬂ(""pi“éf"é F%We%ﬁ gwieguley padelige Rpplds gumetics

Subsfds tabtt gtﬁeﬁ}ausmsy:nm to MR chtitafly ﬁsdﬂ@tﬂéb@aésxn@ﬁwwea Re
sequence (preferably in the portion of th
pol PHulyEs i Ssorvple rREangBlifai 94 ( §5°p’flﬂﬁcm°ngffect Generally,

i nt geMbRs £OhAGhSEHY AimitPNs &S aiaa ﬁé!&ﬁt?té‘é?'ide
subgfﬁ?%tlon shoul d not éuggtantlap 1chan i :

st r pebaeriide dhpahascs Bierhsmical Piopehes R?&F’é%?los’éak?éﬁl@éy): such

foe Gs huftad ﬁﬁib@@ﬁ Behave he ﬁx@fe%ep@&quggég%tl&%y r&;@aced
break a-helix tthat occurs in the parent@%e}gfilence
F

di sy linksgh seleqisdyfiem ghe group caRsisfing ©f e ﬂnafinS-- -
char@gt@) zescihenRgiea semyene tH215--§¥RGH§@ﬁ2-- and -

art-recognlzed pol ypepti de sécon ary an Lary

st r $dh8Pesbamethodeyel} in gheparp t BistematiSpybsidtutipreel cmq@r
2r l.e £

and%é%é %g’hns dcké 9 &)[gge 8“%%&9? WFQ gﬁ}:ﬁt’wn&'} c%d;l')gr otern

Bt r ugteure., OlysiBe annlene efnlcty3me)lway be useddo geuatt arode stable

Publ_j
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a substantially identical consensus sequence variation may be generated by
methods known in the art (Rizo and Gierasch Ann. Rev. Biochem. 61:387
(1992), incorporated herein by refe_rence); for example, by adding internal
30 cysteine residues capable of forming intramolecular disulfide bridges which

cyclize the peptide.



(1991)); and Thornton et at. Nature 354:105 (1991),
whi ch are each 20 incorporated herein by reference.
The term "pol ypepti de fragnent” as used herein refers
‘to a polypeptide that has an amino-terminal and/ or
- carboxy-term nal deletion, but where the renmaining
am no aci d sequence is i'dean cal -to the correspondi ng
- positions in the 25 naturally-occurri-ng sequence - .
‘deduced, ,f.ar .ex e, fr a fullzl h cDNA... . '
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ability to block CTLA-4 bindi ngQV\n its rece&t_ors,
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conpri Se a conservative am no acid substitution (or
add®#@Ybn or -del etion) with respect to the
natural | y-occurring sequence. -5 Analogs typically are
at least 20 am no acids long; preferably at |east 50
“anino  d&p &) “epitpper inFlyiegeny Peniein detprminané papgkle 86 siesiig
as Byl foah GsK ¥g r aaht
ponThdnd & e FRALRERILIL S THol RO ERAARCIRRRIE tmmally
1phanonsit ofiehesugally mefivstsprfacy groupingp ofmplepilds guchcrs pming ackds
Pr opehbiCsdd BnROMES udugyy Hﬁ’éeers%f;iﬁ% gﬁ.re[: edmlexﬁﬁo%élpﬁﬂlchﬁﬁ-
These Types of non-peptide corpound are termed = .
" peshuriacteristiceras Wel as specific pange characierstice.s An amtihedy éy said 19,

B 5 0 O 3 18
30: 4 AhM aBrmpst prefdrattin<a0 aM. ncor por at ed herein by

reference. Such conpounds are often 15 devel oped with
24 he aid of conputeri zed nol ecul ar nodel i ng. Peptide

M et i CThe teétad "apedt” 9§ fubkdlt heiréth | ¥ &hétk |saEhehfical compound, a

t her apeut ical |y useful peptides be ysed to

pr dH’Ei’g’ée ghe "nﬁ%}¥‘%}a‘f°&ﬂﬂu‘t‘1ﬁ’e$ g’&gﬁﬁl?aga %aﬁr‘ﬁ?‘)gi?ﬁ b QE (3P Extract
ef fifsde frofeE¥iBlogichlnaterRBPt | dom netics are structurally
simlar to a paradi gm pol ypeptide (i.e., a

25 | As used herein, the terms "label” or 'flabéled" refers to incorporation of a
.-'-detectablé ﬁﬁké;r, ' e.g'.,'-byi incorporation - of 8 radio_iabeled amino’ acid or . -
'avttac':h.ment' to épolypeptide of biotinyl moieties that can be detected by marked:
avidin (é.g., streptavidin cdntaining a ﬂuorcsceht marker or enzymatic activity
that can be detected by optical or colorimetric methods). In certain situations,
30 the label or marker can also be therapeutic. Various methods of labeling
polypeptides and glycoproteins are known in the art and may be used.
Examples of labels for polypeptides include, but are not limited to, the |



pol ypepti de that has a biochem cal property or

phar macol ogi cal activity), such 20 as human anti body,
but have one or nore peptide |inkages optionally
replaced by a linkage selected fromthe group
consisting of. --CH2NH-, --CH2S--, -- CH2-CH2--,
--CH=CH--(cis and trans), --§OCH2--, - - CH( OH) CH2- -
and- - CH2SO -, by nethods well known in the art.
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"anti body peptide(s)" refer to an intact antibody, or
a binding fragment thereof that conpetes with the
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fra nts are produced hy reco ues,
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The term "epitope" inc¢cludes any protein determnm nant
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ol &EGP@%Y§@HP°§¥°%4W‘H%PP£?«§P%S%HS sugar side chains and
usual |y have specific three dinmensional structural
characteristics, as well as specific charge
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M refera
other md1v1dua1 species in the composition), and’ preferably a-substantially

“purified fraction is a composition wherein the obj ec’_c species comprises at least
about 50 percent '(on a molar basis) of all macromolecular species present.. :
‘Generally, a substantially pure composition.will comprise more than about 80
percent of all macromolecular species present in the composition, more
30 preferably more than about 85%, 90%, 95%, and 99%. Most preferably, the

object species is purified to essential homogeneity (contaminant species cannot



< 100 nM and nost preferably < 10 nM 20 The term
"agent"” is used herein to denote a chem cal conpound,
a mxture of. chem cal conpounds, a bi ol ogi cal

macr onol ecul e, or an extract nade from bi ol ogi cal
materials. 25.As used herein, the terns "l abel" or

"l abel ed" refers to incorporgiion of a detectable
“marker, e.g., by incorporation of a radi ol abel ed am no
aci d)te’étect@& tAgb ! .
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enzymatic activity that can be det ected by optical or
colorinetric nethods). In certain situations, 30 the

| abel or Thafeke patisahingludes hyman h@wpremmlycsuijam ous

net hods .of | abeling polypeptides and gl ycoproteins
are known in the art and nay be. used. Exanples of

| abedntibpdu Strutwreept i des i ncl ude, but are not linited
to, the 32 follow ng: radioi sotopes or radionuclides
(e.g., 3H, 14C 15N 35S 90Y, 99Tc, 111In, 1251, 131l),
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Rer & andyda lightghag nHeayy ghaips e sisesified asanu,

Capahltﬁ g@fmriaﬂﬂpﬂﬁll BepRil6le ahd 8sfink Wﬁﬁﬁéﬂy’s(isotﬁﬁ fﬁQ%MV‘@@" :
proglg&h%é adm npstered to_a patient. O her ems
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mal i 1nant - (cancerous) . [esion, such

- Thus, an intact IgG antibody has two binding sités. Except in
| 25  bifunctional or bispcciﬁc antibodies, the two binding sites are the same.

The chains all exhibit the same general structure of relatively conserved
framework regions (FR) joined by .three hyper variable regions, also called
complementarity determining regions or CDRs. The CDRs from the two chains
of each pair are aligned by the framework regions, enabling binding to a

30 specific epitope. From N-terminal to C-terminal, both light and heavy chains
comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The

assignment of amino acids to each domain is in accordance with the definitions



20 carcinoma, sarcomm, |ynphoma, or |eukem a. :
Inhibition of nmetastasis is frequently a property o
anti neopl astic agents. As used herein, "substantially
pure" means an object species is the predom nant
species present (i.e., on a nolar basis it is nore
abundant than an y .25 othegy individual species in
the conposition), and preferably a - substantially

purif] racti onpi s..a coOnMpositi.o erein.the object
C et KaBl o5t Plele P SRR 8O R Tiora e e
o FaalthaBétadsdaf Mdl (198Rcndro0e)ubaChethiac&eEesar £ 8ot Biol.

CGengr. a| : b tiall ur.e i tion-w |
comasiokSvp Ret I Eh sl dere G RARRES R

macr o gg e Bisbétliﬁc; lﬁneﬁiﬁﬁﬁ:ti&[ae &emtogyris talgg%;ﬁﬁﬂ‘glgﬁy'ﬁéﬂggﬂnibodg
nor e ., refera g t han apout 0.. () A an
599%8%3@0#ﬁ?f@f#&éﬁ%@ﬁénmaﬂa@w@ pwe different binding sifey.
t 0 BigSRiTiaflibdARIRACHEpbNUEE B L IRHARBE meHREs BSluaMB Fion
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aC I : r bL
Theoiehis B} tor RRARS kot O TCBESuph RSS2 1SR,
1£ onBrbdurtion pg Gispatifisr intthedi¢sycan dwporekitivelp ldtor imérfsoetpoocess
funeti ' F . e 15, ] .
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and g e {] LS . g

e B 0o i £ GhURR fing (o 2R, £l hne
chakv)s, the variable and constant regions are joined
y a "J" region of about 12 or nore amno acids, wth
he heavy chain also including a "D' region of about
10 Huomen Antibwiliaawnd HduntpizBtien gfotigiba , Fundarent al

| mmunol ogy Ch. 7 (Paul, W, ed., 2nd ed. Raven Press,
N.Y. (1989)) (incorporated by reference in its

entiret yivhean adtibogies poems pertain of the problems associated with

antibodies that possess murine or rat variable and/or constant regions. The

25  presence of such murine or rat derived proteins can lead to the rapid clearance
. of the antibodies or can lead to the generation of an immune response against

the antibody' by a patient. In order to avoid the utilization of murine or rat
derived antibodies, it has been posﬁlated that one can develop humanized
antibodies or generate fully human antibodies through the introduction of

30  human antibody function- into a rodent so that the rodent would produce

antibodies having fully human sequences.



The vari abl e regi ons of each |ight/heavy chain pair
formthe anti body binding site. Thus, an intact |1gG
anti body has two binding sites. Except in . 25
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sites are the sanme. The chains all exhibit the sane '
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Fabéhron_imdld rEatyring human diseases, such as inflammation, autoimmunity, and
25  cancer, which require repeated antibody administrations.

One approach towards this goal was to engineer mouse strains deficient
in mouse antibody production with large fragments of the human Ig loci in
anticipation that such mice would produce a large repertoire of human
antibodies in the absence of mouse antibodies. Large human Ig fragments

30 would preserve the large variable gene diversity as well as the proper regulation
of antibody production and expression. By exploiting the mouse machinery for

antibody diversification and selection and the lack of immunological tolerance



20 Human Anti bodi es and Humani zati on of Anti bodi es
Human anti bodi es avoid certain of the problens
associated with antibodies that possess murine or rat
vari abl e and/ or constant regions. The 25 presence of
such murine or rat derived proteins can lead to the
rapi d clearance of the antibgdies or can lead to the
generation of an i mmune response against the antibody
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recently extended to the introduction’ of greater than approx1mately 80% of the

human antibody repertoire through introduction of megabase sized, gcrmlme
configuration YAC fragments of the human heavy chain loci and kappa light

25 chain loci, respectively, to produce XenoMouse™ mice. See Mendéz et al.
Nature Genetics 15:146-156 (1997), Green and Jakobovits J. Exp. Med.
188:483-495 (1998), and U.S. Patent Application Serial No. 08/759,620, filed
December 3, 1996, the disclosures of which are hcreby incorporated by
reference.

30 Such approach is further discussed and delineated in U.S. Patent
Application Serial Nos. 07/466,008, filed January 12, 1990, 07/610,515, filed
November 8, 1990, 07/919,297, filed July 24, 1992, 07/922,649, filed July 30,



responses intrinsic to nouse or nouse-derivatized Mabs
and thus to increase the efficacy and safety of the
adm ni stered anti bodi es. The use of fully human

anti bodi es can be expected to provide a substanti al
advantage in the treatnment of <chronic and recurring
human di seases, such as inflgmation, autoi munity,
and 25 cancer, which require repeated anti body
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15 coupled with substantial duplication of the Surani
et al. work. An advantage of the mnil ocus approach is
the rapidity with which constructs including portions
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natlve chromosomal sites downstream of the coding regions. The resulting

chimeric antibody may be joined to any strong promoter, including retroviral

25 LTRS, e.g. SV-40 early promoter, (Okayama et al. Mol Cell. Bio. 3:280

| (1983)), Rous sarcoma virus LTR (Gorman et al. P.N.A4.S. 79:6777 (1982)), and

moloney murine leukemia virus LTR (Grosschedl et al. Cell 41:885 (1985));
native g promoters, etc.

Further, human antibodies or antibodies from other species can be

30 generated through display-type technologies, including, without limitation,

phage display, retroviral display, ribosomal display, and other techniques, using

techniques well known in the art and the resulting molecules can be subjected to
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g cDNA for construction of chineric inmunoglobulin
genes is known in the art (Ljju et al. P.NAS
84:3439 (1987) and J. Il mmunol .139:3521 (1987)). nRNA is
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daod()j/ to either provide the ability of complement fixation, or not. In the

25  case of the present invention, generally, as mentioned above, it is generally not
preferred to utilize an antibody that kills the cells. There are a number of
isotypes of antibodies that are capable of complement fixation and CDC,
including, without limitation, the following: murine IgM, murine IgG2a, murine
IgG2b, murine IgG3, human IgM, human IgGl, and human IgG3. Those

30  isotypes that do not include, without limitation, human IgG2 and human IgG4.

It will be appreciated that antibodies tbat are generated need not initially

possess a particular desired isotype but, rather, the antibody as generated can
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Reseﬁamtshngl 1081-1085 (1993), Hoganboom et al.
%\%‘n‘unol Revi ews 130: 43-68 (1992), Chiswell and
Cafferty TI BTECH 10: 80 84 (1992) and U.S. Patent
R3ndAr Q1 hdrementicl ogi es are utilized
to produce ant i bodi es that are not human, such
anti bodi es can be hunmani zed as descri bed above. 10
Usi ng t h&seaccbriaieiwjtheths prasent invelitios andirastrorgibe etavite df the

CTLAanﬂ'bodles that are produced and characterized herein with respect to CTLA-4,

25  the design of other therapeutic modalities including other antibodies, other
antagonists, or chemical moieties other than antibodies is facilitated. Such
modalities include, without limitation, antibodies having similar binding activity
or functionality, advanced antibody therapeutics; such as bispecific antibodies,
immunotoxins, and radiolabeled therapeutics, generation of peptide

30  therapeutics, gene therapies, particularly intrabodies, antisense therapeutics, and

small molecules. Furthermore, as discussed above, the effector function of the



expressing cells, CITLA-4 itself, forns of CTLA-4

epi topes or peptides thereof, and expression
libraries thereto (see e.g. U S. Patent No. 5,703, 057)
which can thereafter be screened as descri bed above
for the activities described above. 15 Additiona
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In connection with immunotoxins, antibodies can be modified to act as
immunotoxins utilizing techniques that are well known in the art. See e.g.,

30  Vitetta Immunol Today 14:252 (1993). See also U.S. Patent No. 5,194,594, In
connection with the preparation o.f radiolabeled antibodies, such modified

antibodies can also be readily prepared utilizing techniques that are well known



herein are human anti-CTLA-4 I g& anti body. Since such
anti bodi es possess desired binding to the CTLA-4

nol ecul e, any one of such antibodies.can be readily

i sotype switched to generate a human 1g&&4 isotype, for
exanple, while still possessing the same variable
region (which defines the anti body's 15 specificity
and some of its affinity). Aécordlngly, as anti body
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In general, phage libraries expressing random peptides can be purchased
25  from New England Biolabs (7-mer and 12-mer libraries, Ph.D.-7 Peptide 7-mer
' Library Kit and Ph.D.-12 Peptide 12-mer Library Kit, respectively) based on a
bacteriophage M13 system. 'The 7-mer library represents a diversity of
approximately 2.0 x 10° independent clones, which represents most, if not all,
‘of the 207 = 1.28 x 10° possible 7-mer sequences. The 12-mer library contains
p .
30  approximately 1.9 x 10° independent clones and represents only a very small
sampling of the potential sequence space of 20'2 = 4.1 x 10" 12-mer sequences.

Each of 7-mer and 12-mer libraries are panned or screened in accordance with '



nol ecule, or (iii) a single chain antibody that has
specificity to CTLA-4 and the other nolecule. Such
bi specific anti bodi es can be generated using
techniques that are well known for exanple, in
connection with (i) and (ii) see e.g., Fanger et al.
| mmunol Methods 4:72-81 (19949 and Wi ght and Harri s,
supra. and in 15 connection with (iii) see e.
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" (such as the 4.1.1, 4.8.1, or 6.1.1, or others) may be included in a suitable

25  expression system (whether viral, attenuated viral, non-viral, naked, or
otherwise) and administered to a host for in vivo generation of the antibody in
the host.

Small molecule therapeutics can also be envisioned in accordance with
the present invention. Drugs can be designed to modulate the activity of CTLA-

30 4 based upon the present invention. Knowledge gleaned from the structure of
.the CTLA-4 molecule and its interactions with other molecules in accordance

with the present invention, such as the antibodies of the invention, CD28, B7,



such as the antibodies of the invention (as discussed

bel ow in connection with 1o small nol ecul es) or

screening of peptide |ibraries, therapeutic peptides

can be generated that are directed against CILA-4

Desi gn and screening of peptide therapeutics is
~discussed in connection w thgHoughten et al.
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anti bodies. Reactivity of the peptides can be
determ ned by ELI SA. For an additional discussion of
epi tope anal ysis of peptides see also Scott, J.K and
Smth, GP. Science 249:386-390 (1990); Cwirla et al
PNAS USA 87:6378 10 6382 (1990); Felici et al. J. Ml.
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Preparation of Antibodies

Antibodies in accordance with the invention are preferably prepared
30  through the utilization of a transgenic mouse that has a substantial portion of the
human émtibody producing genome inserted but that is rendered deficient in the

production of endogenous, murine, antibodies. Such mice, then, are capable of
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A GaF Gral Parts ol R R0 o A2, 4145 604, 1131, 1161,
25 11.7.1, 12.3.1.1, and 12.9.1.1. Each of the antibodies produced by the

aforementioned cell lines are either fully human IgG2 or IgG4 heavy chains
with human kappa light c:hains. In general, antibodies in accordance with the
invention possess very high affinities, typically possessing Kd’s of from about
10° through about 10" M, when measured by either solid phase or solution

30  phase. ' |
As will be appreciated, antibodies in accordance with the present

invention can be expressed in cell lines other than hybridoma cell lines. ‘



51t wll be appreciated that adm nistration of
therapeutic entities in accordance with the invention
will be adm nistered with suitable carriers,
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into formulations to provide inproved transfer,
delivery, tolerance, and the,ike. A nmultitude of
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25 the immunogenicity, pharmacokinetic, and/or effector functions resulting from
non-human glycosylation. The expression methods are selected by determining
which system generates the highest expression levels and produce antibodies

with constitutive CTLA-4 binding properties.
Further, expression of antibodies of the invention (or other moieties
30 therefrom) from production cell lines can be enhanced using a number of known
techniqués. For example, the glutamine sythetase and DHFR gene expression

systems are common approaches for enhancing expression under certain
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5 however, a preferred enbodi nent of transgenic
production of mce and antibodies therefromis

di sclosed in U S. Patent Application Serial No.

08/ 759, 620, filed Decenber 3, 1996, the disclosure of
which is hereby incorporated by reference. See al so
Mendez et al. Nature Genetics 15:146-156 (1997), the
di scl osure of which is hereby“0 i ncor por at ed by

- reference. 10 Through use of such technal ogy, we have
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25 PAGE), size exclusion chromatography, liquid chromatography/mass
spectroscopy, and mass spectroscopy and antibody production by the
hybridomas was assessed. See Example 6 and Figure 10.

In connection with functional analysis of antibodies in accordance with
the present invention, such antibodies proved to be pdtent'_in_hibitors of CTLA-4

30 and its binding to its ligand'é of the B7 family bf molecuies. For example,
antibodies in acc.ordan‘ce with the present invention were demonstrated to block

CTLA-4 binding to either B7-1 or B7-2. See Example 7. Indeed, many of the
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25  more of the following:
Ability to compete for binding to CTLA-4 with one or more of the
antibodies of the invention, :
Snnllar bmdmg spemﬁcxty to CTLA-4 as one or more of the antibodies
- of the invention;
30 A binding affinity for CTLA-4 of about 10 M or greater and preferably
of about 10"'°M or greater;



conditions. Hi gh expressing cell clones can be
identified using conventional techniques, such as
limted dilution cloning and M crodrop technol ogy. The
GS systemis discussed in whole or part in connection
wi th European Patent Nos. O 216 846, 0 256 055, and O
323 997 and European Patent Application No. 5
89303964. 4. Anti bodi es of the invention can al so be
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Exanpl es 3 and 4 and Figures 1-8. N-term nal
sequenci AY BFNcEREnt of CYIBHAT BdyRion in gre onergdr Eidroj assays,
confiof gx@tpren of the results discussed in Exanples 3
and 4. See Exanple 5 and Figure 9. Kinetic anal yses of

the 20 affipbaicemenief B-¢ grduietioadn ¢ 4 aslbasReibassay of about
af i 500tk or SRS AR EaBly 780 1bBR 5@ 204
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25 It is expected that antibodies (or molecules designed or synthesized
therefrom) having one or more of these properties will possess similar efficacy

to the antibodies described in the present invention.

The desirable functional properties discussed above can often- resulf
30  from binding to and inhibition of CTLA4 by a molecule (i.¢., antibody, antibody .
fragment, peptide, or small molecule) in a similar manner as an antibody of the

invention (i.e., binding to the same or similar epitope of the CTLA4 molecule).



CTLA-4 binding to either B7-1 or B7-2. See Exanple 7.

I ndeed, many of the 51 antibodies in accordance with
the i nvention possess nanonol ar and subnanonol ar

| C50s with respect to inhibiting CTLA-4 binding to
B7-1 and B7- 2. Further, antibodies of the invention
possess excellent selectivity for CILA-4 as conpared
to CD28, CD44, B7-2, or hlg 3 See Exanpl e 8.
Selectivity is a 5 ratio that reflects the degree,
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As a first step, we conducted BIAcore competition studies to generate a
25 rough map of binding as between certain antibodies of the invention in
connection with their ability to compete for binding to CTLA4. To this end,
CTLA4 was bound to a BIAcore chip and a first antibody, under saturating
conditions, was bound thereto and competition of subsequent secondary

antibodies binding to CTLA4 was measured. This technique enabled generation

30  of arough map in to which families of antibodies can be classified.
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As a next step, we endeavored to determine if the antibodies of the

invention recognized a linear epitope on CTLA4 under reducing and non-

reducing conditions on Western blots.

We observed that none of the 4.1.1,

3.1.1, 11.7.1, 11.6.1, or 11.2.1 antibodies of the invention appeared to recognize

a reduced form of CTLA4 on Western blot. Accordingly, it appeared likely that

15

the epitope to which each of these antibodies bound was not a linear epitope but

more likely was a conformational epitopé the structure of which may have been

abrogated under reducing conditions.

Therefore, we sought to determine whether we could learn about '

- residues “within' the CTLA4 molecule that are important for binding of

20

antibodies of the invention. One manner that we utilized was to conduct kinetic

assessments of off-rates as between human CTLA4 and two highly conserved

primate CTLA4 molecules (cynomologous and marmoset CTLA4). BlAcore




fragnent, peptide, or small nolecule) in a simlar
manner as an anti body of the invention (i.e., binding
to the sane or simlar epitope of the CTLA4 nol ecul e).
53 The nolecule may either be adm nistered directly
(i.e., direct admnistration to a patient of such
nnlecules). O, alternativelys,5 t he nol ecul e may be
“adm ni stered” indirectly (i.e., a peptide or the |ike
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25  change. Such change partially restored bmdmg between the 4.1.1 antibody and
the mutant CTLA4,

- Each of the category B through D antibodies of the invention appeaf to
possess similar functional properties and appear to have the potential to act as
strong anti-CTLA4 therapeutic agents. Further, each of the molecules certain

30  cross-competition in their binding for CTLAA4. Howeﬂzer, as will be observed
from the above discussion, each of the molecules in the different categories

appear to bind to separate conformational epitopes on CTLA4,



anti bodi es binding to CTLAA was neasured. This

t echni que enabl ed generation 30 of a rough map in to
which fam lies of antibodies can be classified. 54
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from fcgé-dmcf Q§xﬂ1€ D rf% @1&%0}{1 ﬁgdm&‘@dllgnﬁeﬁ\/&f)%dt fhat

det &r'firne | dies o I nvéntion
r ecaoghbdiexd(ca dthenewelearist @p@swemﬁw) Uhdl eqrossesdmpta gvith

nd_non:. re [ Ay r t
B Oaiiet FERE Btata tich SUe 1ol E i Gty ; ¢ idvor D
11 ﬁxtﬂ:odlex) afid ti2at {i) aret nddoeluesd if thein émdmgemrnmoa@ pedried
re f 4 '
AcclPErRgl §F 12 LERIESY g ) distea L pBP pHIRERE ol e
whi CTILA&qkintfar tthiethe 4alnt iabideide)s whlbdtkdlw\hayenmrtam idigenal
ep! hx%ggcu%léltpotential in accordance with the present invention. Antibodies (or

15  other molecules, as discussed above) that compete with categories A and E may

also have certain therapeutic potential.
EXAMPLES

20 The following examples, including the experiments conducted -and
results achieved are provided for illustrative purposes only and are not to be

construed as limiting upon the present invention.

EXAMPLE 1

25 Generation of Anti-C_TLA-4-Antibody Producing Hybridomas

Antibodies of the invention were prepared, selected, and assayed in

accordance with the present Example.

30 Antigen Preparation: Three distinct immunogens were prepared for

immunization of the XenoMouse™ mice: (i) a CTLA-4-IgG fusion protein,

' (ii) 2 CTLA-4 peptide, and (iii) 300.19 murine lymphoma cells transfected with h



nore |likely was a conformational epitope the structure
of which may have been abrogated under reducing
conditions. Therefore, we sought to determ ne whether
we could learn about residues within the CTLA4

nol ecul e that are inportant for binding of 20

anti bodi es of the invention. .One nmanner that we
utilized was to conduct kinetic assessnment s of

ConohbER 80 AHTAE TP RaCT Cthe B BBl Yo s pen

mar posee. CTLA4) . Bl Acore 55 studles denonstrated that
“the 4.1.1 anti body of the invention bound to human,
cynonol ogous, and nmarnoset CTLA4 at the sane rate.
However, (iM t hCTE3{elRG] FusionfHrotend: €s (affinity), the
4.1.1 antlbody had the highest affinity (slowest off-
Pate) for human, a faster off-rate w th cynonol ogous,
and a nuch f asi®éssioh hetdt Corlztrli@fonmar noset. The 11.2.1
anti body of the invention, on the other hand, binds to
human, cynonol ogous, and marnoset CTLA4 at the about

the sameThatpNaANehcolias tR0AMrel H%raSMIRr G6hAhI fCTLA-4 was
off-rate for each of the three. This information

f ur & 2mplificdafre humep thygaus cNA Libsery ((Eloptegh)s psing, geimess

Rf  tde@ghdds Pubhed siiledcd (E&H. T/f BinRRbI AP10PRSESs PIOSS)L
10 To ?ﬁrthg? stﬁdyagﬁe (pltope to which the ggigﬁofém

B arffprmeninyahdiusctianally supgenediptonp$Ron apPindbis irus expression
congygh e g_;rlﬁme B, Petoredlitfe Glnfish %H&@Qﬁﬁ‘%'&%éf g@;&tﬁ% and

Mar noset OSSGSSGS two | rrportant -cha
r esihymes Ig@smarﬁel 11@@1) CH14¢H2/eH dommnﬂ@;rfmm p®itaih does

i 57 SBEER £15mad ARHE! B8 Ll BIAND $26 B ex Byt

resi ue_ 1 cilne to seri ange at resi
150 6. domenoridi Hegh-#, to \fmmlascqmleg't dithes DR wadiod wgtoh umanalled

CTL
G100 ZhATRIRHSRE L R e PEATEROT AT I Do e
d| d sqqneneef ¢omfitmési mdiotiystwhds Bre @ming Glidfsagicnce the GITEiA4-Ig

.F ur é:ﬂ?tgm 1? E}{b%n& 0o % :fhet Fxgtarel%%x%cel'luﬁph&ggld)for (FDLE Jvas 5\%181

i nvention was no gich
si granfplifiedtfrom ihwiiabi tymghdcprtei libragbi(Clontgckt) oartsli mebclvined into

b7 poieps REsrpARA Snd Bl Wi URB B TS 0
CTLAA to create a nutant mar noset CTLA4 having a
R i e N MM Tl
mar noset CTLA4 mutant. In addi tion, we nutated a cDNA
encoﬁbWLTQRTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVC B
25 EYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIY
VIDPEPCPDSDLEGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPTPIEKTISKAKGQPREPQVYTLPPS_RDELTKNQVSLTCL
30 VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK




mar noset CTLA4 to create a nutant marnoset CTLA4
havi ng a MLO5L 25 change. Such change partially
restored binding between the 4.1.1 anti body and the
mut ant CTLA4. Each of the category B through D

anti bodi es of the invention appear to possess simlar
functional properties and apfear to have the potentia
to act as strong anti-CTLA4%therapeutic agents.

Furt her, each of the nolecules certain 30
cross-conpetition in their binding for CTLA4. However,
as 4 | he. fromthe above di scussion, each
of‘ﬁ%%hﬁgﬁéggﬁgé¥ﬁﬁethe di fferent categories appear

t 0 BolddCTbA4 extraceltudardombir nmat i onal epit opes on CTLA4.
56 Fromthe foregoing, it will be appreciated that
the epitope information di scussed above indicates that
ant i bodiTs {M¥Aotftre manpé enxtrbwﬂplaasionhiaiz;lcuﬁﬁ&l% aforev ECR

t hat ete with t.i bo iny
R g P S7AGERRD Bl Eb oe
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i S exgected t hat gﬂtlbOdéeéeao mol ecul e
S

as
di SerQEHle AOTHEE PO HEOET! REGHY | DAYt
of - thdnioloEREd, iaad Rhesus CTM@%reCﬂmetﬁnvwﬂm\m dt@ged yrof,

C and/or MA|| ave certain
P ORI ERUGE | S SRS, echfiOb o SRERRGet; PR
t hes@uerscaipt ddn*[b\dﬁfﬁdd&ﬂat rAekill ahd Bdlolglogbds a:ﬁmemaecsk@rénce
that anti bodies t her Iecule}s“uin 9?@5 ussed

abovery idgieal aw@stgrees EATECS PR MEPre SrTggiular

| NnveRtdiRRS 3N, 17T ﬁﬁ@ﬁ%ﬂh@ﬁpﬂaﬁmmet Refdiseged YeIBamfﬁo acid
and/or D antibodies) and that (i) are not ﬁced

t hediffersnergifiom he MFRFHEERA ‘é?fr%ﬁm(agqlmar domeip (VREA vid
141, 24t aRsidody) sk, Q7bk, TReM! EU05MEGnd G10ES) I shé adkda

to marnoset CTLA4 S|n11ar to the 4.1.1 antj bod y)
wi | MutagRIEsy "I’ﬁiv‘ée‘é é? t/BAke SBEP tROHH dputations r“épaéhf’mtm acids

pot Fed il Iﬂaﬂ&ga (AL Vb ath 138 2R7dS TBFYrtah iR Ritki@fon of
t1 bodies (or ot her nol ecul es, as di scussed above

t hathe@@ﬁ’pmhté wﬂt huréaa’t € bhf3eG.A Migions phjuma apdl Fgtraose
Cerray i Ig&exaﬁgﬂ)gb ‘fnaBQﬁ'x R:Bér@ |gene%|\'€}l—§§tch§19keﬂ§ﬁe-dlrected

fol "'ow |nc udi ng the experinents
260N dmtagmsa itBromegay | The 1g@ rﬁlwe grogins Ve Proguepds by transient

Ty ?ﬁ &ﬁ/ of H!?pé’éil@%n&’ glu}ﬁﬁétf‘ dsiRg Saitfild PRIBE A techniques.
constr ue as I mt pr esent | nvention.
ExAMztaat |CTLA4-IgG protems were evaluated for binding to antibodies by

immunoblotting and using BlAcore analyses

25 Recombinant Protein Expression/Purification:

Recombinant sindbis virus was generated by electroporating (Gibco)

Baby Hamster Kidney cells with SP6 in vitro transcribed CTLA-4-IgG1/pSR5
mRNA and DH-26S helper mRNA as described by InVitrogen. Forty eight

30 hours later recombinant virus was harvested and titered -for optimal protein
expression in Chinese hamster ovary cells (CHO-K1). CHO-KI cells were
cultured in suspension in DMEM/F12 (Gibco) containing 10% heat-inactivated



25 Ceneration of Anti-CTLA-4-Anti body Producing

Hybri domas Anti bodi es of the invention were prepared,
sel ected, and assayed in accordance with the present
Exanpl e. 30 Antigen Preparation: Three distinct

I mmunogens were prepared for inmmunization of the
XenoMouseTM mi ce: (i) a CTLA,4-19gG fusion protein,
(ii) a CILA-4 peptide, and (1 ii) 300 19 nurine

(o pichs i (RS B temie) grins s S Ceb o S
sur f(@ibeo) pénjicilihlstreptothgdEh (Gﬂﬁb)(,)l‘lelBNDl[—lepdEs pH 57.EX@ives)si Do

Vect or encodi n e t :
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humasMERYETE Sn€ P¥bdiddoriar $indbis vk € fohe UGIrnE rdin RRIpSratuted
des&gned to published

S ence r, J I nungl .
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SubgLARespiefdOoPS¥e BGShiMiDpiotet TAUSepB¥ES B%afRacia), non-
plasmd. Ipn\/trogen) bet ween_ t he hunman _oncost atl n M

si greasentigbptnige asids, ABMAnEVEBIgantrmM( Hyppy PH 7.5, and

CH'{p 1%eﬁfeﬂi§&lns FORE efgBhélis Polifitiod Q8 Rs wWard pelleted
contal n hi n domai n but contains cysteine 120 i n

t he g Wr&é@m macila gs b%wreﬁ apq supriemented with gpmplgte protease

%’Jﬁﬁfm%égggﬁhe conpl et ey?{%@ﬁ\@ a tgaz%)’ﬁl%\m} r? ltered

vectp (\Malgcneée qBRIHE dPhaymbcia)veds nsedbiot hfﬁstty i€y ﬂﬁwélswn
d T I
grer: %?teai%h%mg:?{?? 8190%11% Requ;T )%I%Iar Pga[r%tacellaf a{ Mﬁ% flow

racel ¥
PCR ratanmmfcbmdmf wamnwishedwith \Bied optueek iolf PSyand eluted with

a co { &q;%?eza%f RBV\AJZ ? h;%‘OI nlnl%loen% 1985 aSI ! 8?)5 o %“me‘g Sy

GVt GEutdlizéd s pH Fsswitn TR pH &i. riThe fractions contammg CTLA 4-1gG1

|\/G\/LLTQ? [LLSLVLAL AV\V.A ASFVC
EVASBCRATERA Y RORDROVTEOL IR R R pentitus 50

\c;rgpacéﬁmrshmw 3 Pl PPN G (PRGREYY) at lml/mm
VKENRRICESD B EIRARIEBREE G VRS A I T Vi ReR

sterile filtered 0.2p (Millipore), aliquoted and frozen at -80°C. CD44—IgG1 was

20  expressed and purified using the same methods. CD28-IgG was purified from

conditioned media from transiently transfeqted Cos7 cells.I _

Characterization CTLA-4-IoG1:

25 The purified CTLA-4-IgG1 migrated as a single band on SDS-PAGE
using colloidal coomassie staining (Novex). Under non-reducing conditions
CTLA-4-IgG1 was a dimer (100kDa), that reduced to a 50kDa monomer when
treated with 50mM DTT. Amino acid sequencing of the purified CTLA-4-IgG1
in solution confirmed the N-terminus of CTLA-4 (MHVAQPAVVLAS), and

30  that the oncostatin-M signal peptide was cleaved from the mature fusion protein

The CTLA-4-IgG1 bound to inimobilized B7.1-IgG in a concentration

dependent manner and the binding was blocked by a hamster-anti-human anti-



YKCKV SNKALPTPI EKTI SKAKGQPREPQVYTLPPSRDELTKNQV SLTCL
30 VKG-YPSDI AVEVESNGQPENNYKT TPPVLDSDGSFFLYSKLTVDKSR

WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 58 Under | i ned: si gnal

pepti de Bold: CTLA4 extracellular domain 5 The cDNAs

‘for mature extracel lul ar domai n of CD28 were PCR

anplified fromhuman | ynphoeyte |ibrary (C ontech) and
then subcloned into pCDMB (J. Immunol. 151: 5261-71

( 195m)A-4t entjodgl U(BNIA: tmnmmmggﬁ el eRrilePICATA-NIgG was

cont |tn| ng. bot({; t hr. on'gé 0;}?38 e and hi nge regi ons
Hogeyn e Y HABS 114 2eHheiugeion ceslomens

f r Olfheryﬁ%!%of §ﬁx|1f&ﬁde(dT EA-@H‘gGGaﬂé& betwedn b@tﬁ%sﬁw[?ﬁ C45HRA

standard techni ques of degenerate PCR equenci ng
derfStistrated that rhesus and cynonol ogous anino acid

ssequence were identical with three differences from

mature bhuman CTLA4 extracellular domain (S13N, |17T
and L105W) . I&onstrated ten amino acid

di fferences fromthe mature human CTLA4 extracel | ul ar
domai n %VZlA V331 15 A41T, A51G 541, S71F, Qr5K,
TegM L TosfallenenreciBeiss pestideavagprepared ds dqamtug@ciem s was
used to make single point nmutations of all am no acids
different in marnoset CTLA4 to map am no aci ds

1§ P MR AQRAY HEASSR S RYCE Y ASPGHRATEWRVEY LRIQADIQNEN

CT -
For R A YNE RE B Viek

Si t‘éEWYgg TQREYRNEPCcEONHega) . The 1 gG fusion
proteins were produced by transient transfection of
Cos7 cells and purified using standard Protein A
techni ques. AkbrevintionS/MatetialsgG pr ot ei ns were eval uat ed
1f or binding to antibodies by inununoblotting and

usi ng Bl Acore anal yses. 25 Reconbi nant Protein

Expr es s NoAR, PiN-MethyityirolidindRe c OTHER, nay22- 'Shfmﬁbbd)éshavlblf uBCWﬂS

g&g&% ﬁ%neel ﬁﬂbggg:%o%n F%;I%t%xggao é%r}y? be 11 reagents were
IéﬁPMlﬂd g PeBiRb Eln@\Wahdh@HeR@ﬁnQeéqumoHRWE,SAldnch

EFort ht 30 h
recon%pcﬁgr%:?x QIJI:IH)US ggg Sér}’\}%gsfé aﬁasyt* eg’éT &“‘F gEP MC)-

200 ptOHEMQE ot se({Trt)- @86 A (tB1)-OH| FROE-OXTBHEOHOFMDL-

celai b GHER Fro R Eh-68! FRdEHBoc)-0H, FMOC-LysBOC)-
OH, FMOC-Ser(1Bu)-OH, FMOC-Th(tBu)-OH and FMOC-Tyr(tBu)-OH were

used for those amino acids requiring side chain protecting groups

25 Peptide Synthesis:

30

Peptide synthesis was performed on a Perkin-Elmer 4314, retrofitted
with feedback monitoring via UV absorbance at 301nm (Perkin-Elmer Model
759A detector). The peptide sequence was assembled on a FMOC-PAL-PEG
resin using conditional double coupling cycles. Forced double coupiings were
performed at cycles 10,11,18,19,20 and 28 through 33. The resin was washed
with a 50% mixture of DCM and TFE at the completion of each acylation cycle,



cultured in suspension in DVEM F12 (G bco) contai ning
10% heat -i nacti vated 59 fetal bovine serum (G bco),
non- essential am no acids (G bco), 4nM gl utam ne

(G bco), penicillin/streptonycin (G bco),- 10nM Hepes
pH 7.5 (G bco). To produce CTLA-4-1gG the CHO K1
cells were resuspended at 1x107 cells/m -in DVEM F12
and i ncubat ed vvlth sindbis virus for one hour at room
t enperat ure. t hen dil ut.

to 1
in CRERFE blyzcaem af ﬁ%teﬁwa gPuRs it e“‘s"é%f‘ﬁ“% in T
depl résad wak rBﬁWdElefrblthh@Sieﬁﬁoﬁraﬁéreisdinﬁet&@pbﬁﬂé)ste and the

érﬂsrrggggég) Q@E}ggﬁ@l e}s_é%géétg)lpl 7%%&1%5?@%%@ éom the resin was

peni gdrfolrhdy ﬁﬂgenéa@WQ( (King @k Tal( Iﬂbrﬁbﬁorﬂ@%z&nal of Protein and
post-infection cell

eted and con ti.on
Pl Eerride Ressersh G635 3300 e MBI L ghsHe pgording

pr ot 85k c;ﬂgielgﬁupanﬁldg abl ets (Boehringer Mannhei m,
pH adjusted to 7.5, and filtered 0.24 (Nalgene). FPLC

- (Pharmaci a) was used to affinity purify the fusion

protein usi ngpemﬁlmChQ;aggﬂaaofﬁ H Trap col um
(Pharmaci a) at” a fTow rate. The col um was
washed with 30 bed vol urres of PBS and eluted with

@ 1M glyg 3ﬂg£ﬁmpgk&e%nﬁg driid d%%bndg&%&t L3S elt it a1 6
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sol ve [ I
sterf rifec? géled'ﬂg r% 2‘% ﬁjlal po%r%eé éfall}%éaotbgggfm ?7Ep°f

fi5 0z ractimhs oBOG. NuREBBlE-thGh pel sungewith d4E dinaing buffer and
urified. usi ng
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Do PRGOS IO ST ° ¢ ot Lt PG (Y 2=t
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| 00kDa), that reduced to
(ZPeaPIé*eﬂWgt B0 REBHE: ST i e PSSO LR R roph gato
puri bivert \cdkbrade) |8 washife Wkdﬂﬁdv@ﬂh&&fffdr rsied S&fencing was
N-term nus_ of CILA-4 (MHVAQPAVVLAS), and g{(}) that the
oncoBETRIPAd RF &7 gRaliedaiptystsais il de sxRsaied Notsrripgl sequence

Mat ugg H WSA mvt\eLrA) Wi bSeHat: 4mhﬂ1ﬁab1&qﬂgldexh&1smted that -

[ mmbl lized 7 1-1gG in a concentrati
__ “the peptide was recogmzed by the BNI3 ann-human CTLA-4 (PharMmgen) -

| 25. To desalt, an aliquot contalmng 648pg _of material was placed ‘in 3500 Da .-
MWCO dialysis tubing and dialyzed against 0.1% TFA / H20 at 4°C for 9 days
with stirring. The entire contents of the dialysis bag was lyophilyzed to a

powder.



dependent manner and the binding was bl ocked by a
hamst er -anti -human anti 60 CTLA-4 antibody (BN 3:
Phar M ngen). The sterile CTLA-4-19gG was endotoxin
free and quantitated by CD280 using 1.4 as the
extinction coefficient. The yield of purified
CTLA-4-19gG ranged between O. 052 3ngs/liter of CHO Kl
cells. 5 (ii) CILA-4 Peptide:” The foll owi ng CTLA-4
pepti de par ed as described bel ow 1o
NH2: MHVAQPAVWAASSHREFA st ST O
- CAATYMMGNELTFLDDSI CTGTS SGNQVNLTI QGLRAMDTGLYI CK
PPPY.YL | DPEPC- H2
s
N- MeDINA piprarp | (Sethtagene) axl]:_dl\:/%czolé%d 2mibr 'pfpll BSAEQQCIARRh). A
DCM  Dichlo t hane; C, uor eny .
Net w@;@ar%éﬁ{f-‘m ft regi§aptconsistve sl syriesdenpyesrien kian
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S;g[;“yrg?ﬁ, SIA0T To(yalenq, infprtobinding A the @4ptin protein APSO that is

. : g _ 3 t.Bul) -
et R Iy S LR
EvoaS&dd -ﬂ.ﬁugl.‘?ﬁ». Mmlwa(-frm 00ck§ mwrine lymphoma cells were

foMOGuitied HBRYMB X EéntaiMBg (iIO‘%oiretaf Dzﬁﬁ &rﬁg,lsﬂl%é%%nggl amino

requiring side chain protecting groups 25 i

Sy nteRiés peniciiigystiegiomygm: Rud/ sglﬂmlpeﬂiiémfvgéﬂepﬂ pH 7.5, and
Per ki P g&&m tr -
m)nil%5 ggﬁne%\?frg W aagglbr S%H%:g%gct ?@&E‘?ﬁgt?ge%?@%%f@m
Mbd diee Rig\gﬂ igen éwil ehymberhwithp 8Pug @@_I‘Ae‘th?.‘@ﬂ(,\é/pIBEESnfq usmlg
ass : - RE [esl | condi tiona
doun 2 CoumF, (el eenol ol et Rsdd FRGE: mef B
Yer fforneipravaropd cemple®, RAMIBedi8, 20 48 hdu 8ellhwengghiu@d.to

The i ' .50% mi_xt ure of
Ine GRS, ANEE, AR THLSsgh, BN 180
f ol IRssietdntivgllcwgrp exmgnddd and stemot te dxparess OTLH-0 tp thewell Burface
acetu'siﬁg %hﬂﬁﬁl ang!)d’]y c%'\r/lﬁigated_- with phycoerythrin (PharMingen). High
level cxpreésing' cells were isolated by sterile sorting. ' '
20 |

Immunization and hybridoma generation: XenoMouse mice (8 to 10

weeks old) were immunized (i) subcutaneously at the base of tails with 1x10’

- 300.19 cells that ‘were transfected to ,t__exp'ress CTLA-4_as described above, -

. . _fésusperide:ql' 'in'.phos-p'hé"cci'__' bﬁfféred 's'ali._ne_ (PiB'S)'. With dbmpléﬁg Freund.’s
25 __--adjuvant, or (ii) subcutaﬂeousl}; at the base of tail with (a) 10 pg the CTLA-4
fusion protein or (b) 10 pg CTLA-4 peptide, emulsified with complete Freund’s
adjuvant. In each case, the dose was repeated three or four times in incomplete
Freund’s adjuvant. Four days before fusion, the mice received a final injection

of the immunogen or cells in PBS. Spleen and/or lymph node lymphocytes

30 from immunized mice were fused with the [murine non-secretory myeloma P3
cell line] and were subjected to HAT selection as previously described (Galfre,

G. and Milstein, C., “Preparation of monoclonal antibodies: strategies and



Resin was renoved fromthe reactor after conpleting
cycle 49 and the remainder continued to conpletion.
Peptide cl eavage fromthe resin was performed using
Reagent K (King et al. International Journal of
Protein and 5 Peptide Research 36:255-266 (1990)) for
6 hours on 415ng of resin affording 186ng crude
CTLA- 4 pepti de. Peptide Characterization 10 25ny
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BNI'3 ant ﬁl Qte%’é:_\géed \(v}f?llP% 1']\9&‘”31‘ the2 ésnt%in Opsléate 5%%‘36

al i quot con n| ng e ace _
Ba bWﬁ@dlMlQ&ﬂJo&at& ﬂBlnffmngrS)cﬁ mdawm; (wﬁlme AB/L] YPTRFEA

/ HZO 4C f, 9.d stl .Nn The e

cont’en b%{edda t Y:sz“éer%'gg vvas %g’ﬁatfonz é’ar}}“ g‘ﬂfer is

powdenove&s znd {bieiplate Baﬂbck&i weﬂa lzeo nlvmlstsleﬂdx@buﬂet (.54 [BB#}

(Y2 L b algn was, P

{1 etmalsas o ol St b ¥ SHY G b ARE ol (it

. suba¢mpreare |f<brol hhuREAtemativelyy mtteqﬂht):s aré\ stobedrit tr@&xgmtonﬁnth
LA-4. that .res co tu e .cel

o Pisiing R iR plofe sstlesS o BReking bl of Rmouf sl G umetiog

Q/St}@m&oﬁfa(mﬁ@ﬁtant Ndaiuat d)r(lithe@flybndoma supernatant (positive control)
) and HAT medla or b]ockmg buffer (negatlve control) 1s added. The plates are )

'mcubated at room temperature for 2 hours. After_ mcubatlon, the plate is

- washed with washing buffer (>lx PBS). The detecting antibody (i.e., mouse anti-

25  human IgG2-HRP (SB, #9070—05)' for IgG2 antibodies or mouse anti-human
IgG4-HRP (SB #9200-05) for IgG4 antibodies) is added at 100ul/well (mouse

anti-human IgG2-HRP @ 1:2000 or mouse anti-human IgG4-HRP @ 1:1000 |

(each diluted in blocking buffer)). The plates are incubated at room temperature

for 1 hour and then washed with washing buffer. Thereafter, 100 pl/well of

30 freshly prepared developing solution (10 ml Substrate buffer, 5 mg OPD (o-

phenylenediamine, Sigma Cat No. P-7288), and 10 ul 30% H,0, (Sigma)) is

added to the wells. The plates are allowed to develop 10-20 minutes, until



tyrosine, Y201 to valine inhibits binding of the
adaptin protein AP50 that is responsible for the
rapid internalization of CTLA-4 (Chuang et al. J

| mmunol . 159: 144-151 (1997)). Mcopl asna-free 300. 19
muri ne | ynphoma cells were 10 cultured in RPM -1640
containing 10% fetal calf seuum non-essential am no
acids, penicillin/streptonycin, 2nmM gl utam ne, 12.5nM
OB donfol 06k b0y MAACH G GA0 Rty
wer eégéf?.\éct_or_nopor at edag g%aOGSDO. ﬁﬁn&z"gr S&ngggﬁgéjm glil r?f
a | stbp edlatirye® MiH:AOA08 gdded land the\f@asvirp rdaE Smem BIIBAgplate
200 - ' |l Porator). Cells were rested
for?ga%%gﬁ“g‘ﬁgeg&&gggﬁhen 15 8m s of prewarnmed conplete
RPM nedia. At 48 hours cells were diluted to 0.5
%éogég; bk (%rqptl'o%t at clas% —-‘. Mabs, 2
ex pAéfhityGidasurdmen of preified hhimsaniroaconaligitibgditd) EatBignents,

ant i body. conj ugated wi th, phycoerythrin (PharM ngen).
¥ it PGP LYRSRERIh by GURPUS TEiolinte ofts e o, o L e the
SOr BiAgre 22000 Mihstiumaiit] Owsirg Ogeyral | slocedu@eNeiitdhddorvy the
Xenol\/b,gse mce (8 to 10 weeks old) were immunized (i)
subPAPHARHESt y at the base of tails with 1x107 300. 19
10el | s t hginetieragalysians foe tatdbddies @xprasted Jitlaghng ens
- describe bove resuspended i n phosphate buffere
sal FRORBEA)ONG 15 SCBRpRETAES B &R densHy. abjreR SHECesAT the
(i | BLEHIE nadrepl Shedt idtnobilifizéiasih g dTaIA-494 hfaioﬁ‘i\;}otéig afg
the CTLA-4  fysion protein_or (b) 10 _.ig CTLA- )
pepffeey raagine diom warakimaely 87sP sing GlirAtde fupign pretain at
In 866hsCATR int TENMASEuMBSehRREAM 8D dsip @ Rind Bbthpling kit
y

times in inconplete Freund's adjuvant.” Four d
Ipef supplied iy ohe manafagiures (Bidedraelica. f Thealfourth sgfacornf thé

t heg l; i : /
nodB S pacte b vg iphobilzcd i BRUFRO0AY Bl Yt o as o
Wi t hegatiee [qentrolneurfase - Becrostspegifien/ihding  Rinetic eddalyisisnaies

and ' ' [ VL
Gos PYRESE ALY B 620/3 R SRkl Bl 8 BltScidion
of mDken lanh associntianbikdioe &on) Sttentveri dermimetd GBing the software
ro P 13 3nd6..(1981)) . . A | ar.ge
e by dRE e M Raagih S0Pk e Bt AAE
_hunealculg@sx or | gAK . (as detected bel ow) antibodies
were recovered. 5 ELI SA assay: ELISA for determination
of antigen-specific antibodies
: ' EXAMPLE 2

Affinity Measurement of Anti-CTL A-4-Antibodies
25 | |
In the following Table, affinity measurements for certain of the

antibodies selected in this manner are provided:



in nouse serum and i n hybridoma supernatants was
carried out as described (Coligan et al., Unit 2.1,
"Enzyne-1inked i nmunosorbent assays,” in Current
protocols in inmunol ogy (1994)) using CTLA-4-1g fusion
protein to capture the antibodies. For aninals that
are inmmunized with the CTLA-4-1g fusion protein, 10 we-
additionally screen for non-specific reactivity

agai he hunman | g portion of the fusion protein.
Thlgﬂéé_%cconpllshed using ELI SA plates coated with
human IgG as a negatlve control for specificity. In a

prtlcncu =t d tre—f-ott-ov
usdd: ELI SA E;lf ’g% coated with 100 .tl/well of the
anth-een—i Ag—i15-buffer (0 1 M Carbonat e

Buf f*ﬁ?’"“ﬂmag Q“arﬁEFsNal-l(qﬁ'rer 84 Aspcingion ) | Dispagiation |fueface
thgn i ncubat e§eat  4C oV ni ght . | Ronstant ncl@enstant, | Density
codting buff pMiS leénd§e¥jwahd t A g/M= | KDV ked [RU]

wi tfh.200 gl /bell bl ockling buffer k¢/Rex30h’ BIAKa/kx108%h

Twdévlogb®1 0. P@9%8 Thi ner{ds@l in | X0BBS) and i.sgubat ed gag.7
rogm tenperaPdbe for |B.Gour. AlDdasnativelgesthe 504.5
pl dtes are stB7éd in r|gf49 gerat 00.19i t h 20 dépcki ng | 4572
bufff er and p| 86@ seal €r3s08 Bl ockil Agobuf f er| 5.51 r enovedog7.s

and 490t | /wel | 1.85 hybrjicd2nma sup¢psat ant, |s@sam or | 8787
ot Her hybri dph®#8 super ndtzint (posiissve contged) and 5045
HAT nedi a or| bIFdcki ng [dus4 er (negasi ve cond.g®l) iS|4572
added. The p| &aBés are ! li4vcubat el1as room tepper at uriggy.g

forl 48.hours. | @B2er inquetion, (haeplate |(;522 Washeq g7g 7
wi fh washi ng| baf fer (1po.B3BS). Thesget ectijngyanti boc¥04_5

(i Je., nouse|apgi 25 Hupsn IgG2- gy (SB, ﬁ%’ﬁo 05) 5394 g

| g@4.1at | bod| £§1 or noysgsant I - NUFGE | gbq-l_ 8787
#9300- 05) fof2kgGA antishpdi es) |gr,added at; 40O/ wel 504.5
(nguse anti rhegan | gGgdRP @ 1] @90 or noul 4572
antfi - human | g§47 HRP @] k.g5000 (egegh dil ut egg n 397.8

bl 9@KLNg DUTTERI) - The qisal €5 Al ¢ TCubatieglat—Toomg .=

teperature | @6 1 hodrpgnd thehgwpshed witdl washi rg‘gj
|

2

bufifer. Therpggfer, 1QQ gl /well 30 frasf @/ prepc
deyel opi ng 'sod)ygi on (1 7@1 Subs §r76
| Wl Za Yo .-u-n-.l 1r

(0% nyl ern = i o—=y
(o 3ANENY PpzmT e, Tgiggme Cat nglll.;f_ N p| ate% 87 :
3e 04.5
1 b

ar¢ al l oned t 9 ¢evel of

-3090 H202 (' Si. ) is
negative conf wel g Barely starf to sr% oI or. | 4572
- H20Z ~ oo o 7.8
Thg-g??ﬁ-a—,— T 3t6 yt--01 M2 SOA9
- isladded and| pl at 65%3%§e readoﬁ; an EL I8§A pl ate| 8787

. 504.5
reqder at wavglength 4 @.5 m 0.07 15.20 3978

2102 1.00 2.53 0.39 2.54 878.7
0.94 4.30 0.22 4.55 504.5

0.70 5.05 0.14 7.21 4572

1.00 5.04 0.19 5.5 397.8

213 124 9.59 0.13 7.72 8787
1.17 13.10 0.09 11.20 504.5

111 13.00 0.09 11.70 397.8

4131 1.22 5.83 021 4.78 878.7
1.29 6.65 0.19 5.17 504.5

1.23 7.25 0.17 5.88 397.8




5 Determ nation of a nits constants of fully human
Mabs by Bl Acore: Affinity neasurenent of purified
human nonocl onal anti bodi es, Fab fragnents, or

hybri doma supernatants by plasnon resonance was
carried out using the BIAcore 2000 - instrunent,

usi ng general procedures outds ned by the

manuf acturers. 10 Kinetic analysis of the antibodies
was carr pedyifube Usbs@dedMntigENS pfeHH:D(th' gc%grdgﬂzteowft Cthe
sensor surface at a | ow density.. Three surfaces

t he InvVBRYRBROEsesdRBOABRTIES WS DIndingrRonstaits. i zed wi th the
CTLA-4-1g fusion protein at a density ranging from
approxi mately 390-900 using CTLA-4-1g fusion protein
at 20 or 50 g/m in 10 nmM sodium acetate at pH 5.0
sing the am ne coupling upplied by the
rgranu?acturer (Bl Acore I EMM 3 fourth surface of
the S fde LA-f AntibodiesRyie) irth 186
RU) and was used as a ne control surface for
n(La?r speci fic binding. Ki n9 eInY'Sn al ysis was perforned
at a flowrate of 25 or 50 rricrolrters per mnute and

di ssoci a aff S.S t ion y
r Iaf :s vvefrnetg%lg ‘*é’?” e cdis gt nég?‘%gal y PR&P@ rEB&E§8W@@8 2
oy tpre@amdima‘canﬂmcemtblﬂleqnmabxuatpt@iuea 0) thatf ?I I ovvs
for global-fittin ul at 2 A

Vons or nBrateS aiee aRotite e P fRisins oduse i oo
f ol IﬂmMnV@nEﬁab;l/ecloﬁédf gedkd yncoBiag thecieanyt snd Dght GRAih &l mgxﬁts
the _ant.i podi e ed int nner are provjde
65 ﬁ“Aé’EER‘F R Rpger ﬁ%{é‘é‘%“& Bl g&’&ﬁ S1mAsr 20 niFdescmg; aes
O f -atdhplished aomilaws:on Di ssoci ati on Surface K. Kd
Const ant ta nsr t 106 (s

1/ M= ’Exqo%}’s P%f REF miaﬁ?l%g%?r{a&m tely2 Méégb@ﬂéous

1. Olel. Qdrivkd 4fioil 7 Bnnfunized XenoMouse mice using a Fast-Track kit

(Invitrogen). The generation of random primed cDNA was followed by PCR.
Human Vy or human V, family specific variable region primers (Marks et al.,
“Qligonuclebtide primers for polymerase chain reaction ampliﬁcation of human .
20  immunoglobulin variable genes and design of family-specific oligonucleotide
prdbes.” Eur. J. Immunol. 21:985-991 (1991)) or a universal human Vy prirnér,
MG-30 (CAGGTGCAGCTGGAGCAGTCIGG) was used in conjunction with
primers .specific for the human Cy2  constant region (MG-40d;
5'-GCTGAGGGAGTAGAGTCCTGAGGA-3") or Ck constant region (hxP2;
25 . as previously described in Green et al, 1994). Sequences -of human
Mabs-derived heavy and kappa chain transcripts from hybridomas were
obtained by direct sequencing of PCR products generated from poly(A") RNA
using the primers described above. PCR products were also cloned into pCRII
using a2 TA cloning kit (Invitrogen) and both strands were sequenced using
30 Prism dye-terminator sequencing kits and an ABI 377 sequencing machine. All

sequences were analyzed by aiignments to the "V BASE sequence directory"



0.70 4.66 0.15 6.68 504.5 0.77 6.49 0.19 8.41 457.2

0.60 3.08 0.20 5.11 397.8 4.1.1 1.85 0.72 2.58 0.39

878.7 1.88 1.21 1.55 0.64 504.5 1.73 1.54 1.13 0.88
457.2 1.86 1.47 1.26 0.79 397.8 4.8.1 0.32 0.07 4.46
.22 878.7 0.31 0.23 1.33 0.75 504.5 0.28 0.06 4.82
.21 397.8 4.14.3 2.81 3.044.92 1.08 878.7 2.88 3.97
.73. 1.38 504.5 2.84 6.66 0.43 2.35 457.2 3.17 5.03

ool gy MEGE byl Epligel Cols iy

. 7T®taV &Tor ind GeBYPIS saftwarg plogfems. . 0. 96 1. 07 0.93 878.7

o1 2 0¥ty HepohRtenis’ g 0 8T ih,%e bl e

87 8subjectkd 48full 9er@th DNABe@BN@S. FOorsubh sejudisin20PANA). MRNA

555515508 i Byfprbndlly § 30 Onta P e gk mR i
5. 2Kt (DHANS5. e mBYA BadreberSe tradbribedSsing dIR:o/dT(2R)378. tHe

' 1Z.d\:1|'a§1'ta1gg Rol'/lggR Jkgl (%Qonset%g'h).S The Variable region database (V Base)

was used to design amplification primers beginning at the ATG start site of the

eoleolojolololoeNe]

[ERN

heavy chain DP50 gene 5’-
10 TATCTAAGCTTCTAGACTCGACCGCCACCATGGAGTTTGGGCTGAGC |
| TG-3’) and to the stop codon -of the IgG2 constant region (5°-
TTCTCTGATCAGAATTCCTATCATTTACCCGGAGACAGGGAGAGCT-
3’). An optimal Kozak sequence (ACCGCCACC) was added 5’ to the ATG
start site. The same method was used to design a primer to the ATG start site of
15 the kappa chain A27 | gene (5-
TCTTCAAGCTTGCCCGGGCCCGCCACCATGGAAACCCCAGCGCAG
-3") and the stop codon of the kappa constant region (5°-
TTCTTTGATCAGAATTCTCACTAACACTCTCCCCTGTTGAA_GC-3.’). "
The 012 ¢cDNA was cloned by using a primer to the ATG start site (5’-.
20 TCTTCAAGCTTGCCCGGGCCCGCCACCATGGACATGAGGGTCCCCGC

T-3) and the kappa constant region stop codon primer above. The heavy chain

..cDNAs were also cloned as genomic constructs by site directed mutagenesis to
add an Nhel site at the end of the variable J domain and subcloning an Nhel-
fragment containing the genomic IgG2 CH1/Hinge/CH2/CH3 regions. The

25  point mutation to generate Nhel site does not alter the amino acid sequence
from germline. The primer pairs were used to amplify the cDNAs using
Advantage High Fidelity PCR Kit (Clonetech). Sequence of the PCR was
obtained by direct sequencing using dye-terminator sequencing kits and an ABI
sequencing machine. The PCR product was cloned into pEE glutamine

30 synthetase mammalian expression vectors (Lonza) and three clones were
sequenced to confirm somatic mutations. For each cldne, the sequence was

verified on both strands in at least three reactions. An aglycosylated 4.1.1



1.11 13.00 0.09 11.70 397.8 4.13.1 1.22 5.83 0.21 4.78
878.7 1.29 6.65 0.19 5.17 504.5 1.23 7.25 0.17 5.88

397.8 66 As will be observed, antibodies prepared in

accordance with the invention possess high affinities

and bi nding constants. 5 EXAMPLE 3 Structures of

Anti - CTLA- 4- Anti bodi es Prepgged in Accordance with the
Invention |In the follow ng discussion, structura

| nfR6pE Q8 L& ' | ' ]

e O BTy, Al B P RANR 1h e crp,
analoyam. s Reqpstbiaat angiboding Wstrdpreduced byl umesient rtrasnfection of
ac . nes

o o Bopid R I R wlfh AR08 R HER R pepigpoe

t heeqharguese ubtable Hgphsfeatanirawer@cgeaeratied by refpcaropbr g LAt

wa |5 - - 15 .Poly( A+ nR S
o OSSR sBlEba Bl Tse bRagE WS R PaR - airser
derwitheyt glyensylatioruexhibited Mentidub syseifinity endustinigy for CTLA4 in

Fast,z 1r it It n). The generation of random
prﬁh%l'éﬁégggﬁé§m§2ﬁ¥%ﬁé%g%§'PCR. Human VH or human

V,, famly specific variable region prinmers (Mrks et
al ., "Qj cleotide.primers for polynerase chain
react i ogeng%H 2und] ”pf human 20 i nmunogl obul i n

lvari abl e genes and design of famly-specific

ol i gonugl eati de bes.." .Eur. J. |.nmunol . 21;985-991
(1991)) q&? ?°gf°t‘ﬁﬂg\}§$’§e§fm ﬁ%tﬁe %‘F%‘%‘F"‘%ﬁé‘f"} evilggeagby selected
( CAPEH oA ITHEEA IR GTdR sGohcodBdint£5@ith the ingBitiodNCt i on Wi t h
prinmers specific for the human C y2 constant region
(MG 40d; 5' - CCTGAGGGAGTAGAGICCTGAGGA-3') or CK
constant region (hxP2; 25 as previously described in
Geen et al., 1994). Sequences of human Mbs-derived
heavy and kappa chain transcripts from hybri domas were
obt ai ned by direct sequencing of PCR products
generated from pol y(A+) RNA wusing the priners

descri bed above. PCR products were al so cloned into
PCRII ~using a TA cloning kit (Invitrogen) and both
strands were sequenced using -

w



30 Prismdye-term nator sequencing kits and an ABI 377
sequenci ng machine. Al sequences were anal yzed by
alignnents to the "V BASE sequence directory" 67
(Tominson et al., MRC Centre for Protein Engineering,
Canbridge, UK) using MacVector and CGenewor ks software
programs. Further, each of the antibodies 4.1.1,

4.8.1, 11.2.1, and 6.1.1 were subjected to ful

| engt h DNA sequences. For sqggLﬁﬁquenC|ng, Pol y(A) +
MRNA 5 was i sol at ed fron1appTUXTnat X 106

hybri doma cells uHe: : 1D Cheaint Gleme A:;-) The
MRNA was reverse transcrlbed u5|ng ollgo dT(18) and

the Advantage RT/PCR kit (C onetech). The Vari abl e
regi on qtel{)@ebese (V HBaseChaias Used |t KaphSLight Chain
anplifjcationf pygrels egl fnt yg The&TG[STgid Sjte
of t heTreavycthal N THRY gene (5110
TATCTAAGET-TCTABRGPCEA \CARFT GEAGT FEGGGLTGC

TG 3 gt . Sto d & i

ot o bns IO M

TTCTCT . 2 ) .
An opt} ngk 1Kd ddggs 5'| to
t he ATIG_star ted 10

desi gn[_a3.pdi n 5 t Fif3 kappa
chai n A7 0en JK3

- TCTTCAAGE1.3 CAGIK4 3'

and t hE Sf30p €g1 o (O -
TTCTTT TW*B 3 =1 The
012 cD Hers I %2EDII er—to—tme—ATo-sSt art
site (b'1131 | DP-50 012 JK3
TCTTCA r:r*T-rrrnpmrmmDAAnHﬂ la'e) GACCEFCEcees—TH 3)
and t hp qPﬁa constanFBﬁ@gl codon pii mer_abpve.
The hepW-chdi PPN Redrd ondd?as |geMoti c
constrycts_bvi site diretted esis-tol—add an
Nhel s t |t hp.and B3-31Re e ongi nyand
subclow?ﬁaﬁg hﬁkﬁ? f D¥He n|%gdtﬂi ogﬁgm C

| g& CH12.9iliige DEHEY CHB6FIEQ A5/A08i 1 t fKi4at) on
to gengrate ghel si tle sipes r the amfino acigd
sequente4.9fir gmDPesi|i asd/orTH paLy s \ergkused to
anplify the DNAs udi ngt19 Advant agg |Hi gh Fidelity PCR
Kit (Clonetech). Sequence of the PCR was obtained by

di rect sequenci ng using dye-term nator sequencing kits
and an ABI

As will be observed, aﬁtibodies in accordance with the present invention
were generated with a strong bias towards the utilization of the DP-50 heavy
chain variable region. The DP-50 gene is also referred to as a Vy 3-33 family
gene. Only one antibody that was selected on the basis of CTLA-4 bindiﬂg and

10  preliminary in vitro functional assays showed a heavy chain gene utilization
other than DP-50. That clone, 2.1.3, utilizes a DP-65 heavy chain variable
region and is an IgG4 isotype. The DP-65 gene is also referred to as a Vy 4-31

On the other hand, the clone, 4.9.1, which. possesses a DP-47

heavy chain variable region binds to CTLA-4 but does not inhibit binding to

family gene.

15 B7-1 or B7-2. In XenoMouse mice, there are more than 30 distinct functional



sequenci ng machi ne. The PCR product was cloned into
pEE gl utam ne 30 synthetase manmmal i an expression
vectors (Lonza) and three clones were sequenced to
confirmsomati c nutations. For each clone, the
sequence was verified on both strands in at | east
three reactions. An aglycosyjated 4.1.1 68 anti body
mas generated by site directed nutagenesis of N294Q in

cH2 do I 6:
by eraeelh e SRRE TR MAE) PRRLIRI TR Syl fHASS
depk emcbdithQSf anﬂefpmd bmdhng:smmgf dtthmdmtx;bd?anﬁgh rintéraction

seph ose chn ta
genihEaeny T Hetthid sy S hdF 1 ANl M frgiony
sel g6tityon in glutan1ne free nedia. Reconblnant 4.1.1
with or without glycosylation exhibited identical
Specificity and affinity for CTLAA in the in vitro
ELI SA anguBidcoiadysassays. Gene Utilization Analysis

10 The follow ng Table sets forth the gene utilization
evi denced by selected hybridoma clones of antibodies

i N accorgdapgioedpbltcialte, deny afilidagek mﬁ@sism&s lohiyHekited
and Li ght Chaln &?ne Ut|||zat|on Clﬁ avy. Chai n,
Kap?)%?“L?W eHibedy spptEe 4 AKthykB-cglly 1 Fpmoklpusy primpls

lellléloclégt%:aﬂ%genegtg& -B-)6hed V0 Kapgd light lhaildfanddidpts, there
+4.14. 3 27 JHA A27 JK3 611DP50DIR50rJH4

A2 72rg RIUmpbEIRef; ecandiry prpgssss that gocy, jipcladine, Yoy liniation,
DP @na?lc % eHﬂﬂtaﬂgrY nl4§Bitiods, land C@?{?ﬁé(tén'sx%ﬁs Jiske, %Oéxﬁgxﬁle

Mendez et al. Nature GenetzZ's %51 ilf6 156 (1997) and U.S. Patent Application

‘Serial No. 08/759,620, filed December 3, 1996. Accordingly, to further

15  examine antibody structure predictcd amino acid sequences of the antibodies
were generated from the cDNAs obtained from the clones. In addition, N-

terminal amino acid sequences were obtamed through protein sequencing.

Figure 1 provides nucleotide and predicted amino acid sequences of the

_ heavy and kappa light chains of the clones 4.1.1 (Figure 1A), 4.8.1 (Figure 1B),
20 4.14.3 (Figure 1C), 6.1.1 (Figure 1D), 3.1.1 (Figure 1E), 4.10.2 (Figure 1F),
2.1.3 (Figure 1G), 4.13.1 (Figure 1H), 11.2.1 (Figure 1I), 11.6.1 (Figure 1J),
11.7.1 (Figure 1K), 12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M). In Figures

1A, 1B, and 1D, extended séquences of the antibodies '4.1.1, 4.8.1, and 6.1.1

were obtained by full. length cloning of the cDNAs as described above. In such

.25 Figures, the signal peptide sequence (or the bases encoding the: same) are
indicated in bold and sequences utilized for the 5’ PCR reaction are underlined.

Figure 2 provides a sequence alignment between the predicted heavy

chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,

4.10.2, 4.13.1, 11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the germline

30  DP-50 (3-33) amino acid sequen.ce. Differences between the DP-50 germline

sequence and that of the sequence in the clones are indicated in bold. The



11.2.1 DP-50 D1-26 JH6 012 JK3 11.6.1 DP-50 D2-2 or
D4 JH6 012 JK3 D3-22 11.7.1 DP-50 or D21- 1H4 012 JK3
9 12.3.1.1 DP-50 D 4r JH6 Al7 JKI YH> 12.9.1.1 DP-50
D6-19 JHA A3/ A19 JK4 5-24 z<> 4.9.1 DP-47 and/or JH4
L5 JKI 6-19 5 As wll be observed, antibodies in
accordance with the present 4invention were generated
with a strong bias towards the utilization of the

DP- buReAdyshowh @Herbo&ﬁ&'a@&{ tﬁe WIO&PREhﬁad%@ %@Qﬁcek‘%f

also referred to as a VH gene
ant thsaasbodipaes fiadeds el ect ed on the baS| s of CTLA-4

bi ndi ng ﬂg&jre %oprBVi%H Tis DRt Ycel ﬁ1g}ﬂnteﬁtooet\bgéﬁttheo P%%lﬁ%ﬁsﬁae\ééy

showed a heavy chain gehe util7 zation

DP- §gun Fthige a@ldmmuenge of Ge cigmie| 2. lzésmatt@Fgeﬁﬁln’reelaBsﬁs c(haum
ar r i s

Y onaie i SR M@ ey S BEYBYorE, huiee

t hethat éfethe brguence tith the clopnere iAdidatdd mv%ulcb hThqolagmesm;eshwvs

i r e re binds to CTLA:4
doetglzr{)o? %ﬁ;{% IEB’% (gb gldl;] fe%‘FncI%S/ gthel ?{mbo‘iy B
XenwMstsed.ni ce, there are m)re than 30 di stinct

functio Vi cha| rlab enes
to gene?@%e an?rlogg equémgs lgflwg‘?te‘?e&eé’fn thg Breglcm kappa
10 ndligatchaie amfnoaacmlrsetﬂuemfeemf th ﬂdmesg.mpwsh af1413he.1.1, 4.10. 2

o0t LREYs PO BeDhhenarLion N LESREEL Lo LT
f unaR? (glaxailme 3eduendet and that Miitiad deqilenfal the |c§)n€~§reV\1|n51|catF@ in
P8, 8 i o e o Sosr S Eat R e
B- c&dghénceoHhe aMibods aghdlifed. Apparent deletions in the CDR1s of
15  clones 4.8.1,4.14.3, and 6.1.1 are indicated with “0s”.
Figure 5 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clones 3.1.1, 11.2.1, 11.6.1; and 11.7.1
énd the germline 012 amino acid sequence. Differences between the 012
germline sequence and that of the sequence in the clone are indicated in bold.
20 The Figure also shows the positions of the CDR1, CDR2, and CDR3 sequences
of the antibody as underlined. ; | |
Figure 6 provides a 'sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 2.1.3 and the gerrriline A10/A26
amino acid sequence. Differences between the A10/A26 germline sequence and
25 that of the sequence in the clone are indicated in bold. The Figure also shows
the positions of the CDR1, CDR2, and CDR3 sequences of the antibody as
underlined.
Figure 7 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.3.1 and the germline A17
30  amino acid sequence. Differences between the A17 germline sequence and that

of the sequence in the clone are indicated in bold. The Figure also shows the



10 stocastically generate V-D-J heavy or V-J kappa
light chain transcripts, there are a nunber of
secondary processes that occur, including, wthout
[imtation, somatic hypernutation, n-additions, and
CDR3 extensions. See, for exanple, Mendez et al.

Nat ure Genetics 15:146-156 (;734997) and U.S. Patent
Application Serial No. 08/759,620, filed Decenber 3,
1996. . Accor.din 1.t rihe b

st rREHHIPE Ofﬂg%l%: grr)nf{%o aC|CcP118 egél}@hg%cgg 021% % ilbody a5
ant whiedines were gener ated fromthe cDNAs obt ai ned
fromthe..cl ones. naddtl I

sequenché EWRe epr%’ aslahé%’ufrhr oulgﬂm B ebtmeﬁl?st,}ée g}eg%te%%agpa
Fi glighe chaipaostiockesl sreqmdneobf the cdomel 19 dandltteel gamlme AE&tAtB

gfg%ﬁ@g Z‘glf%fiqu%}’:? Bllfgerir}'éj:s B¢ wger?t%?a é!ﬂ!&?tege(ir% rl,lensseﬂggnc;t: Ija]r?d
4. 1éhaBof(tht gaqnexc& 1rCﬂhe ctond afe iaficged @ Hom TI2 Rigidre (afsoghewes

1E), 4.10.2 el Q.. 4 13.
(F! tpsrroogs StpegiRy #%%f %Cégig%quimfﬁ b ipecantitdy es
11. gnderifdeigure 1K), 12. (Fl gure 1L), and 12.9.1.1
(Figure 1M . In Fi ures P ended .
sequencdBEHE Fnrovifes ﬁéﬁmés°f4a “‘f“ 4““8 ﬁ?“ ‘E:‘Pémf‘ola‘“d
19ET Seqnbiicad s¥aRk Yokl bnti-€MUANY &ltiBBEGab: t he CDNAs as
descri bed above. In such 25 Figures, the signal
pepti de sequence (or the bases encoding the sane) are
i ndi cat egzijn bold and sequences utilized for the 5'
PCR reaction are underli.ned ure 2 provides
sequence al i fitrdsmgthiset. MSWYtWé‘"ng%HMZéﬁ BRE9TC %3{3) jnd
am no acmmgggglgﬂgﬁs fromthe cI ones 4.1.1, 4.8.1,
4.14. 3, 6. 4.10. 2, 13.1, 1121 1161
151. 7.1, 12. 3 fmll 1eng§he|g11@sﬁat£d14 hhae%vmechg@r@il%e 22(g} and
DP- 50 (3533) 28fbA@)aci d sequence. Differences between
t he DP-50 gernline’sequence and that of the sequence
in the cl onesthi dghtslue LRAVA RA(Ded @minprpeid 22(2)Ei gur e
al so shows the positions of the CDRl; CDR2, and CDR3
sequences of the antibodies as shaded. Figure 3
provi des44.Isequence al i gnment between the predicted
eavy chain '
Jgn d the germ @m&%ﬁy%p?%%g ﬁ;ﬁ& @Dgfrﬁ %%ﬁ)aagllh gﬂls eﬁaﬁ éd n%él))’
Di fferences bb8.Wiight chiie (DNA32@andianme asd@3nte and
that of the sequence in the clone are indicated in
bol d. The Figure al so shows the positions of the
CDRI, CDgZ.1l:and CDR3 sequences of the antibody as

under lined.  fu oot 611 heavy chain ((DNA 22(1) and amino acid

25 22(m));
6.1.1 light chain (¢cDNA 22(n) and amino acid 22(0));

11.2.1:
full length 11.2.1 heavy chain (cDNA 22(p) and amino acid

30 22(q)); and
' 11.2.1 light chain (¢cDNA 22 (r) and amino acid 22(s)).



Figure 4 provides a sequence alignnment between the
predi cted kappa 10 light chain am no acid sequence of

the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 4.10.2, and
4.13.1 and the gernmine A27 am no aci d sequence.

D fferences between the A27 gernline sequence and

that of. the sequence in thejyclone are indicated in

5

bol d. The Figure also shows the positions of the CDR1,
CDR2, aBn&iRBtids aquaneese ol &Il h sty e?&g% Thg open

under|ined. Apparent deletions in the

cl SFdpedrages in iefull length el b eanomiaPYA sedhena ERgva2A(b) are
" CamnderfrhédUr And RE RYitARAs TntRRALANG Snlel €D 'ng‘koég?aie‘ﬁeﬁ 1
the predicted kappa |ight chain amno ac d e qguence
of heme bpigdad thg resulting ghange (N294Q) &e shovemid doble hinderlimnahd
t heoGREFIEMeA Odig. BithNAd 2alnd SRGH Di fferences
bet&een éhe 0 2% %%%%1Lnergéhﬁgﬁ%22§ﬂa that of the
sequence in the clone are indicated in bold. 20 The
Fi gure al so shows the pogiif, of the CDR1l, CDR2, and
CDR3 sequences of the gﬁk& e as underlined. Figure
6 provi daalysis ebHeavvanddlight Che . seid Substitptiewhi ct ed
kappa |ight chain am no acid sequence of the clone
2.1.3 and the germine Al0O/A26 am no acid sequence.

10Di f f er ehclégurb @t whieh ptolviles\d qAdfe ggmmdnnibetegUBO SR dRIRE

25 t e in the clone, are indicated in
ool il 388 NENEFces okl e et Hioa g o e 6.
CDRIL.1,GbR22, mm1,Cm21,seqa.egae.s.1pﬁz.t3he1,admtii f@gil’.laaﬁld the
un ' j e 7 provides a sequence alignnment

o temlirR s 5D Enlhe e 55550 b R e i gnergsd In
seqdditigre toofhe tflxe of Itieniasl R hedvyadidint BR-50 & ihd AGjohk7of B

. ..am no aci d sequence. .Di.fferences pefween the Al
15 e R et R it e BRI e e aivees Feafve o the

c| @aenlae ®P-Figenat Bot dxample] doned Be. 1Ring Ul 2. 180256 né BaSiohdI €
72hmgg§%th9qgtqf t he CDRll1 CDR2, and CDR3 sequences of
the anti pody a8 KHF P e‘d?neﬁﬁﬁtﬁe%e_%”}b?%\?‘f e ghanges,
sedqueiieg sabstigntivanb, HehNBeds wilesiRile SksieRils KARB amirol St
sequence of the clone 12.9.1 and the

o : o
gorhitE REmaF ALk GRNRE meby ! G6 GRICBY GBI} maamese

| 20be tpueiewtarlyh condev Al if Qbiittd, MEhreé® BUBB ¢HeaANEhal QEQFE%n{e@ &n

sequence in the ne are indicated in bold.
Fi g”tﬁ”ée ?rr SJ;IOS{: 0\47_\@'?1 ﬁ%‘? okt i BRsclgrlyt AeivepREomCoRingle
angecolRAatiRORAC 8%, AferiVd) GroMNid RIRANCaP§erminal center) and are

nearly identical in sequence. If these three are considered as a single sequence,

then, among the 10 different antibodies containing the DP50 heavy chain, in

25 CDRI1 and CDR2 there are 3 positions in which a nonpolar residue is replaced

30

by another nonpolar residue, 12 in which a polar uncharged residue is replaced
by another polar uncharged residue, and 1 in which a polar charged residue is
replaced by another polar charged residue. Further, there are two positions in
which two residues which are very similar structurally, glycine and alanine, are
substituted for one another. The only mutatiohs_ not strictly conservative
involve 3 substitutions of a polar charged residﬁc for a polar uncharged residucl

.and one substitution of a nonpolar residue for a polar residue.



underlined. - Figure 22 provides a series of additiona
nucl eotide and am no acid 1o sequences of the

- followi ng anti-CTLA-4 antibody chains: 4.1.1: fulT
l ength 4.1.1 heavy chain (cDNA 22(a), genom c 22(b),
and amino acid 22(c)); 15 - full length aglycosylated
4.1.1 heavy chain (cDNA 22(d) and amno acid 22(e));
4.1.1 light chain (cDNA 22(f) and ami no acid 22(qg));

4.8.1: ZABefight chﬁxisg&mmése&n%bbﬁ@s\%e%ﬁwa frsQ'\H\d?f?eQ Vk
and am acid 22(i) 1 1ight chain (cDNA 22(j)

]
ancBeAff ntheatt d 8%(!&)‘1)6 mﬁst 1hefv11¥ fAPreserterhand 1§ the Sournsanf\6
C hadifferbt A chdint) Caﬂ?ari%m) BOthed! stque%c%%‘%\y%ps ty@ ng‘te\;borthy

Ilght chain (cDNA 22(n) and ani no aci
11, foatyres.{ EFF‘ retigrerp! them 448. hefhlAs3, cndi6nl . 1, coNAm | etipnsaofid
AM g oGl dlresidbesid (Gﬁﬁl aé}ﬁ}g elént ZS;colnh Smére 941915 H)n%% €) i&?

(r) and ami no acid s)) Si gnal
seqﬁgélﬁétéée gerenlige, éwmlahpwm seznm CBRyén th@txthc sarm hap deen

r eaghin@dfinhaves éeguén@@ T ghik slug%gtg gt als R%%?Qltn?] go% is

sequence (Fig. are ned.
mutia¢ampasble wath indieg. nake the agl ycosylated 4. 1.1

hea c g 4 are_sho)
' top) Pl 80 hobliEialel Sl O BB ob NigR e ohuting oy
109 n cpubstittiona exist ipRilage pRX{miN) to EDIURN B @DRAN eﬂuyls lsﬁbstgﬁltlons
He Sti
F ovohld Bbbet @bed VOl AL GodiClnd RS bf Mo Snde st
t heCHrAedi meolechie. h&antherc high rsubmunmna@mdci &ﬁq% eil%ﬁ?&arft le@fatt
4.14.3, 6.1
qi?%%}?ﬁf’gty%ﬁ}ffnﬂm ®41.6.1, 11.7.1, 12.3.1.1, and
12 9.1.1 and the
15 EXAMPLE 5

N-Terminal Amino Acid Sequence Analysis of Antibodies in Accordance

with the Invention

In order to further vérify-the composition and structure of the antibodies

20 in accordance with the invention identified above, we sequenceci certain of the

antibodies using 2 Perkin-Elmer sequencer. Both heavy and kappa light chains

of the antibodies were isolated and puriﬁed. through use of preparative gel

electrophoresis and electroblotting techniques and thereafter directly sequenced

as described in Example 6. A majority of the heavy the heavy chain.sequenccs

25 were blocked on their amino terminus. Therefore, such antibodies were first
treated with pyroglutamate aminopeptidase and thereafter sequenced.

The results from this experiment are shown in Figure 9. Figure 9 also
provides the molecular weight' of the heavy and light chains as determined by
mass spectroscopy (MALDI). |

- 30



germine DP-50 (3-33) ami no acid sequence, an
interesting pattern energes. In addition to the fact.
of the bias for heavy chain DP-50 in the majority of
the 15 clones, there is relatively limted
hypernmutation in the antibodies relative to the

germ ine DP-50 gene. For exaymple, clones 3.1.1 and
11.2.1 have no nutations. Mreover, the nutations in
the other clones are genggaubiggonservative changes,

I nvol vi ng substltutl ons of am no_aC| ds W|th SI m | ar
proper 1. i} o o -, N b ’.‘. e

Mut ations within rrany of IBU&;tu'RRl and CRO2 sequences
are 20 particularly conservative in nature. Three of
the heavy chains represented in Figure 2, 4.10.2,
A.13.1, I
oo Adire fo bibyibes e uiion] BRHKER SRR
gerasitmnlof t@rangbgdicnu acgoedanerewith yhei ideantioc aln the Figure, data
se e, thr r S

Sec’rglg{éggo clohed 89324111 ﬂe&hlaf LFANSLELTRE 6301 B Sl
co n’ﬂm fmlilqvgng fata E@Bﬁme a@ynm:hmtwp, uswlczﬁ'xo@aﬁtmg {EERECFR2S -
th C nonpol ar_ resi

) eglglg.% % dsqzebe)gﬁﬁlo cﬁr%?na %T?Fg F/r\gg ; usg spicéroscop%ﬁkfﬂ,ﬁ’l)
1qoo|adhgmmhamgenbnnmsl|sdqjxen¢es repl aced by another polar

uncharg a_ pol ar charged
r esi due%neraﬁ%gifed@aavaﬁ)gelgﬁ%f% fc@ N%r charged resi due.

Further there are two positions in which two

wWhi very simlar structurally, glycine
2‘“&#’ fsr?e'dq\gftg %0 substituted for one another. The
onI y nutations. not strictly conservative involve 3
substitytions of a polar char resi due for _a pol ar
unchar g&@te! (ratio ﬁ’ﬁsgﬁtén%‘gfﬁjs‘l‘ ﬁé%ﬁo%ﬁ Q& seamddP%r
r es30uen)f Wheréll 5O bigorbaeBiveieat 286 nme38aléd Ghgmehai ns of
t hese antibodies are derived from5 different VK
genes. The A27 gene is the nost heavily represented

and i s t915-BAGE Gfas Perfbrmedidsin@r 186 NovéxORLP £8Bi e trophoresis
Conpari son of these 6 _sequences reveals two noteworthy

f eaDsiF@s Witk L% NuAGE: g a9 MEe rinyng byfferq Sampdes wiry
26. 1pr3par&ionl§}a| gilstRketd.onsi@lf 4 ONGPAGE! WempRS i WiMRs i+-)
, a rare event. Second, there is a strong

pr e?wmereapt%%anﬂlsﬂie%%ar&a fH yenef rsrewnnwaloaifésqw 81 &dlx

I n £ Wi thbRdtaihdiEw LB MEnt1ASe REBMing BRYiBE Bk cR¥as.Y
sequence. This suggests that a serine at this position
i s SR endaekeniar sigeteptintatesAueBimadE iy comparig| staiggd bands to
ap ek @ pRfeih Mk FR Moy eﬁéh%#@‘h%%)' dentified am no
acid to substitutions exist in close proximty to or
2%ithin a CDR Such substitutions

For N-terminal sequencing, samples were run as above on NuPAGE

gels, transferred to Pro Blot immobilization membrane (App.lied Biosystems)
then stained with Coomassie Blue R-250. The stained protein bands were
ex_bised and subjected to sequence analysis by automated Edman degradation on

30 an-Applied Biosystems 494 Procise HT Sequencer.



woul d appear to bear sone effect upon the binding of
the anti body to the CTLA-4 nolecule. Further, such
substitutions could have significant effect wupon the
affinity of the antibodies. 15 EXAMPLE 5 N Term na

Am no Acid Sequence Analysis of Antibodies in
Accordance wth the Inventi@n In order to further
verify the conposition and structure of the anti bodies

20 in" acgeEeanE Fodishb q;@ way%effbr%d'&ﬁ&t Pﬂa{rﬁgc@%?esi 9

we seguenced certaln ant 1 bodi es “usi ng

Per PHAs et ddent:-8h). %@%ﬂ%e%‘é@rvylll@m@ lrkh%alwegmo ~0.8
chaiym) &fd 1 Qva@%dd@d)gﬁtgsgey\%ﬁ ﬂ')e?‘loslll@éresgauaéad THéjéi Lgtlgxates

t hrough use of preparative gel el ectrophoresi
el eCtFOBAU B (g PABRhHiigeRandn b brbas rendet (9H3 di0) B2R $tyndards

Sequeneastia A 499471 @ﬁd, in Exanple 6. A majority of
the heavy the heavy chain sequences 25 were bl ocked on

their amno term nus. Therefore, such anti bodi es were

L rst oL SoRbettBhobul QL ABS. ATROPERIL A8 E AR

thereafter sequence Tne Tesul t's rom
ar e salingvilfBSh ofi the lpéa-l'nglFI YUABTOsyalesousiny thei Sigsrdekels PC

%%Oa[:%}&@h g9 hf\do?efcultap %12? C&Yha @l d“(ell(éﬁ\%ﬁfj @glﬁgrgga%ng peak

determ ne S spectroscop
IDEXAWﬂLEnBHndmﬂmr@ﬂumnﬁhasaﬁyﬂr|zatlon of Anti bodi es
in Accordance with the Invention 5 Figure 10
provides certain additional characterizing information

about ceFeraFACST stufiies, ahumbx)d)bﬁ;sxeram BC@Ds dadie Eprehdrdl tahe

3" SRy " Burk’ O'clhe SEGuached Sk srsimendedi i FACS
sunmffcrzaedx106 Thies/ 100 ul @ind Etgmdcafoa O3 suFfacd es;@fbssmn with 10 ul
ocusing (I EF), SDS- P

ncentr oel ectri AGE,
8 7 8% BAL PEATRC GRBHE i M ARSed et 20 pietes G4 ey
( MAlLdﬁi@crature @eHn d/eiewgashedahradenthéh figdd[Penmtabiedd e11% 88d Perm,
Gen%ﬁﬁ he q?ka éﬁed as follows:
Mat el H %rdg“rf T A-¢ FROERTIP I (Wit 10,24 anti-
det G)DHSZI-@H (d’harﬂﬁﬁlgeh)Jn Hléw I’ﬁy&rﬂeﬁy WisaperfogHel using a Becton
Dickinson FACSort. Quadrants were set by analysis of relevant isotype control
20  antibodies (Caltag). '

As was discussed above, anti-CTLA-4 antibodies have been
demonstrated to possess certain powerful immune modulation activities. The

25 following experiments were carried out in order to determine if antibodies in
accordance with the present invention possessed such activities. In general, the
experiments were designed to assess ability of the antibodies to inhibit the
interaction between CTLA-4 and B7 molecules, be selective as between CTLA-

4 and B7 molecules and CD28, and promote T cell cytokme production,

30 .mcludmg, but not limited to IL-2 and/or ITFN-y expressmn " Further,

examination of cross-reactivity of antibodies of the invention with certain



350 run), where 1.58 absorbance units at 280 nm

equal ed 1ng/ m . SDS- PAGE was perforned using the Novex
NuPAGE el ectrophoresis systemw th a 10% NuPAGE gel
and MES running buffer. Sanples were 20 prepared by
diluting 3:1 wth 4x NuPAGE sanple buffer (+/-)

. bet a- mer capt oet hanol , heated,and - 5 ug of protein was
| oaded onto the.gel. The gel was then stained with

Brilli ang;ssue ngz éfI?A I;ll R91eR lCSUtlIi OOB‘IC£ SsI gcxes at #lﬁno%se and

652 7 8CUlar i ze 63 &5 WePe” rade® by

conpamatapwatundereattedands to "Perfect Protein Markers"
(Novagen cat# 69149-3). 25 For N-term nal sequencing,
sanples were run as above on NUPACE gels, transferred
to Pro Blot i nm)bl li zat| clrmmt,tmane (Appl i ed

. ) B

to sequence amitmu&sm{AwtmwdhmmeM adatl on on
30 an Applied Biosystens 494 Procise HT Sequencer. 76
| soel ectric focusing (I EF) was perfornmed using

Phar maci an | &F v3rs9 a§8£5’ilsﬁ/asg%b§du(:&&tf% Y RRfs- 1@13nt1bod1es in
Sanpl es were diluted in 10% gl ycerol to_-

and 2FegTdangesvithytha BEESET, Tty R WereicapARIA o RbibRintspa e of

16he AL Aes Wit BitBS BIVE o8 BYEXE ADYyilt ®ETBHrebidted ! RitiBSHeLANES
to broad range (pH3-10) | EF standards b5 (Pharmacia

cat inyentionotipt arg] fapapls Ofelnfibifingothe chindipmitas g By pikGp7
Was nfclile€ folid RRNASRMAL S HeubidiRd fos fhhiie &gﬁ%)on%&gﬁ

Phar maci a SMART system usi ng the Superdex

3. 2B CHAGPathwe| & the apsay, the fdllewingemateriale prd metliedsyyere
COMpafidedd Peak 10 retention tinme to the retention
times of gel For FACS studies, human peripheral T
Gells were prepared and stinulated for 48 hours. T
cel v dBLiE andsrashagence, resuspended in FACS buffer at
1x106 cell s/ 100 ul and stained for CD3 surface _
expression with 10 ul 15 of anti-CD3-FITC (I nmunot ech,

Mar sei | | §M%}F%§Q&E r BP2! T%(Esg} Bepiberd, ‘iﬁ dham, MA) in

t enper ature, re was W C
per rydiisco’y 8BS (Wasx ceptrd @eﬁﬁﬂwelchhm&g)J plaﬂad (§t1m rmmm

nt r,aesllul ar. 5 ¢
5 e PEROERUST Ol 7 Rade Bz e
usi pipte’ vBee bivaked with 1% BSA plus 0.05% Tween-20 in D-PBS for two
hours. Plates were washed 3X with wash buffer (0.05% Tween-20 in D-PBS).
Antibody at appropriate test concentrations and CTLA-4-1g(G4) (0.3 nM final

conc.) (Repligen, Inc. Needham, MA) were pre-mixed for 15 minutes and then
25  added to the B7-Ig coated plate (60 ul total volume) and incubated at RT for 1.5
hours. Plates were washed 3X and 50 pul of a 1 to 1000 dilution of HRP-labeled
mouse anti-human IgG4 antibody (Zymed, San Francisco, CA, #05-3820) was
added and incubated at RT for 1 hour. Plates were washed 3X and 50 ul TMB
_ Microwell peroxida_sé substrate. (Kirkegaard & .Perry, Gaithersburg, MD, #50-
30 76-04) was added and incuBated at RT for 20 minutes, and thén 50 pl IN H,S80,
was added to the plate. Plates were read at 450 nm using a Molecular Devices

plate reader (Sunnyvale, CA). All samples were tested in duplicate. Maximal



Di cki nson FACSort. Quadrants were set by anal ysis of
rel evant isotype control 20 antibodies (Caltag). As
was di scussed above, anti-CTLA-4 antibodi es have been
denonstrated to possess certain powerful imune
nodul ation activities. The 25 follow ng experinents
were carried out in order tg determne if antibodies
in accordance with the present invention possessed
su cliV t:
e R L T
i nlspdgific winding was defanet iap ﬁbagétameem t@algwsenceacpdeE?A -4-1g and
m)lteq_;g t1%§dy be sel ective as between CTLA- 4 and B7

nol ecu and CD28, and promote T cell cytokine
product| on, 30 including, but not limted to IL-2
and/ or N re ur aji hat i
Sorose. r eiTyRERE AR e MR PREEMABS, Turebte
cenlAj rcsm?s ateushawnt fossaumwarndf @rtibAdiés b laeaudmse with the

th t :
onda? PR T prihogy pf B

[ nouse
i igte h Tasdk i zres T H25HENS oA ar
of ifvEhkendbilYtht 10.2.1BRtEbdY Bf fie adlehiioh fBym a ApatabOstb@iménil
Accordance with the Invention An in vitro assay was
conducted to determne if antibodies in accordance
1w th the present inventiDswR capabl e of inhibiting
the binding of 10 CTLA-4 with either 137-1 or B7-2.
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“As will be appr eci at ed, antibodies of the invention
t hat afe |e lnb' T, e |_/-v-4
Wi BT UL R T, ‘ﬁA’A/B’ri L
for i ne reg L ati on thr Of@fb'me CTLA- /¥C§ y n
1 2 (e e L THR el SIS DGR o
B7. 2- | dEEALY poo e A8+ O c(nﬁs;m mgwos (=2)
: d }-{Rep = AE —Ne'adham MRy =i

Dul bec¢&ié: 2 2521 847 &:0-Bdrgdl | | Ry ESa8{osDat o
(Nunc, |6l k, 2#4 RYAs29mBGHHIVE nc | Ber-eRmRetitine
over ni g n_day 2 B3 was rennvef=3hd plates were
bl ocked GA419-21 9 B2 {14-50% end 33903 @ED fo
two hquiT#.13R at e&GRer ¢ 048RS (B33 )W 1 B.98=dh! Ifufder
(0. 05%| Ti#deid-320 | le@ PBBYY = 0.11 (n=3) | 1.04 £ 0.15 (n=2)

CT6.1.1 IgG2 [ 0.39£0.06 (n=3) | 0.67+0.07 (n=2)

TABLE IITB
Clone Isotype CTLA4/B7.2 CTLA4/B7.1
CTLA-4-Ig Comp. ELISA Comp. ELISA
1C50 (nM) IC50 (nM)
CT4.1.1 1gG2 0.55 % 0.08 (n=4) 0.87 % 0.14 (n=2)
CT11.2.1 1gG2 [ 0.56+0.05 (n=4) | 0.81 % 0.24 (n=2)




Anti body at appropriate test concentrati ons and
CTLA-4-1g(&#4) (0.3 nMfinal conc.) (Repligen, Inc.
Needham MA) were pre-mxed for 15 minutes and then 25
- added to the B7-1g coated plate (60 ul total vol une)
and incubated at RT for 1.5 hours. Plates were washed
3X and 50 | of a 1 to 1000 dgblution of HRP-Iabel ed
nouse anti-human 1g&4 anti body (Zymed, San Franci sco,
CA, #05-3820) was addedggnpepipgubated-at RT for 1

hour ., Pl at es vere washed 3X and 50 gl TI\/B M crowel |
per Releet atlos; of Antibodigs ofithe Inventign with Respect to CTLA-4

Gai ther sburg, D, 4R A0 %28"@%7%1‘1(5(1 and
i ncubated at RT for t mlnures an en 50 | 1IN H2SOM4

was added to the plate. Plates were read at 450 nm
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antexperyents The results fromthe assay are provided in

Table TEA and I1I1B. In Table MA results are shown

or b ance with the
anvceﬁlt‘%(%ge?{a{wg gﬁig‘+ ?%tgla]ssﬁq‘ﬁgﬁg’n"g shown. conparing
the 4.1.1 anti body of the invention with the 11.2.1
ant i bodyA @6-V\tel1eFlummmG phatef (MuticaC:H N BE E5) EX REplaf¥Bbtted

crokth o' ket B4R EBairly LBTules gng 1 2 cseienm
CT:gemeratea GBouSe)ABhe tiGehs (Werelatbooida aver&l gﬂtQu gﬂﬁ“@%t lug/ml

Oé l%wilp 081\4?50&.1\611 &ga(q)rqn%{? q)@\?fiq pH gézgh? Iglaze’ was then
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CT 4wa]s4n<31bht§&33t RTG& 1 Boul thed=Basheddith- P@Si FrBE &me& Mexd thk

n=3) 0.67 0.07 (n=2
I gGaZtl%’ﬁ.,g A-4 agtﬂ?o%le(s of the invention were dll(uted 1r)1 block at 1 pg/ml and

20  were added to the plate. The plate was incubated at RT for 1 hour then washed
with PBST three times. The wells that contained the antibodies of the invention
were then treated with 100 pl/well anti-human IgG2-HRP (Southern Biotech
Cat No.9070-05) at a 1:4000 dilution in block. Also, one row was treated with
aﬁti-human IgG (Jackson Cat No. 209-035-088) to normalize for platecoating,.

25  This antibody was diluted to 1:5000 in block and added at 100 ul/well. Also,
one row was treated with anti-human CTLA-4-HRP (Pharmingen Cat No.
345815/Custom HRP conjugated) as a positive control. This antibody was used
at 0.05 ug/mi diluted in block. The plate was incubated at RT for 1 hour then
washed with PBST three times. LBA chemiluminescent substrate (Pierce) was

30 added at 100 pl/well and the plate was incubated on a plateshaker for 5 min.

The plate was then read using a lumi-imager for a 2 min. exposure,



15 TABLE I'11 B Clone |sotype CTLA4/ B7.2 CTLA4B7.1

" CTLA-4-1g Conp. ELISA Conmp. ELISA 1C50 nMIC50 nM

Cr4.1.1 1g& 0.55 0.08 n=4 0.87 0.14 n=2 CT11.2.1

lg& 0.56 0.05 (n=4) 0.81 0.24 n=2 79 EXAMPLE 8

Selectivity Ratios of Antibodies of the Invention with

Respect to CTLA-4 Versus Eijher CD28 or B7-2 5

Another in vitro assay was conducted to determ ne the
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' added and briefly vortexed and then the tubes were counted in the Origen

- 20 Analyzer and ECL (electrochemiluminescence) units were determined for each
tube. Nommalization factors were determined to correct for differences in
binding of fusion proteins to Dynabeads, and ECL units were corrected for non-

specific binding before calculating selectivity ratios.

25 The results from the assays are provided in Tables IVA and IVB.
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EXAMPLE 9

Human T-Cell Signal Model

In order to further define the activity of antibodies in accordance with

the invention to act as immune regulators, we developed certain T-cell assays in

order to quantify the enhancement of T-cell IL-2 production upon blockade of



ELI SA ELI SA ELISA J]GEN J]GEN 3.1.1 Ig& >500:1 (n=3)
>500:1 (n=3) >500:1 (n=3) >500:1 (n=2) >500:1 (n=1)
195:1 (n=l) 4.1.1 Ig& >500:1 (n=3) >500:1 (n=2)
>500: 1 (n=3) >500:1 (n=1) >500:1 (n=1) 485:1 (n=1)
261:1 (n=1) 107:1 (n=1) 4.8.1 Ig& >500:1 (n=3) >500:1
(n=2) >500:1 (n=3) >500:1 (g 2) >500:1 (n=2) 190:1
(n 1) 4.9.1 Jg& >500:1 (n { >500: 1 (n=2) >500:1

(s bt adifed HREGhowBE it ol wer

(nmﬂlzézﬁa@o@a@ﬁmﬁyltwe&pmmmm 4.13.1 1g& >500: 1
(n=2) >500:1 (n=3) >500:1 (n=3) >500:1 (n=1) >500:1
(n=2) 46:1 (n=1) 329:1 (n=1) 4.14.3 | g& >500:1 (n=2)
>50ateriaBaad M&Bodsl (n=2) >413:1 (n=1) >234:1 (n=1)
80:1 (n=l) 10:1 (n=1) 126:1 (n=1) 6.1.1 Ig& >500:1
{n=2) >500:1 (n=3) >500:1 (n=3) >500:1 (n=2) >500:1

(n=2) FZsshiy( ﬁéll\ﬁed SumABLE cbl‘i@w@feo pRparéd by Dﬁu@r HRdpeis

CTLA4/B72CTL ISA ELI SA 1 1g@&
>50§isma fEHouiss fﬂgﬁi lﬁpfhxrgyho I"kz QE‘GIIg?gG?da
>50@an13%£ @m&? cA5Q¢QKlso(n—3ad aﬁgﬁaat%d GATRPHA LD Wﬁ%@ed

Human gnal Model 15 In order to further
defPhyéoheméggi@tmnv|M9«rebelww$tt§é dit@ sDarHordc Englarh ¢ Anil hin

1¢ heZmF(ﬁMIﬁEkPW lgzﬂ) &ﬁ{auﬂ% - Mué %N/I"Hog loSsent¥f amino ac%ds

deve certain dssays in er to quanti
t hepm;wﬂhmc%mﬁmyem, 35 oo [Hepgs Qﬂfbi@@llﬁﬂ&)@h am@owntratlon of

bl Oﬁh@dgelfg;mlsz%d 1&}&5@&({1 t%?gaailor ‘Q"c&ag tﬁg Bl \lNQr%dvlvaesﬁed de

f ol W ng mat er
diluted in medium to 2x10° cells/ml Rajx cells (Burkitt lymphoma, Human

ATCC No.: CCL 86 Class II American Type Culture Collection Rockville, MD)
15 were treated with mitomycin C (Sigma St. Louis, MO, # M-4287) (25 pg/ml)
for one hour at 37°C. The Raji cells were washed 4X in PBS and resuspended
at 2x10° cells/ml. Human T cell blasts (5x10%/ml), Raji cells (5x10°/ml) and
anti-CTLA-4 antibodies or an isotyped-matched control antibody at various
concentrations were added to 96-well microtiter plates and the plates were
20 incubated at 37°C for 72 hours. Total volume per well was 200 pl. Seventy--
two hours post stimulation, the pfates were spun down and supernatant removed
and frozen for later determination of IL-2 (Quantikine IL-2 ELISA kit, R&D
Systems, Minneapolis, MN, #D2050) and IFN-y (Quantikine IFN-g ELISA kit,
R&D Systems). Cytokine enhancement was defined as the différence between
25  cytokine levels in cultures containing an anti-CTLA-4 blocking mAb versus an
isotype-matched control antibody. For flow cytometry experiments, Raji cells
were washed 1x with FACS buffer (PBS containing 2% heat inactivated FCS,
0.025% sodium azide). Cell pellets were resuspended in FACS buffer at 1x10°
cells/100 ul and incubated with 10-pl of anti-CD80-PE (Becton Dickinson, San
30 Jose, CA) or anti-CD86-PE (Pharmingen, San Diego, CA) for 30 minutes at
room temperature. Cells were washed twice and resuspended in 1 ml FACS

buffer. Flow cytometry was performed using a Becton Dickinson FACSort.



utilized in connection with the experinents: Mterials
and Methods 5 Freshly isolated human T cells were
prepared by using H stopaque (Sigma, St. Louis, MO
#A- 70543) and T-kw k (Lynpho-Kw k, One Lanbda, Canoga.
Park, CA, #LK-50-T), and stinmulated with PHA (1 4g/m)
(Purified Phytohemaggl utinign, Mirex Diagnostics Ltd.
Dartford, England, #HA 16) in to nedium (RPM 1640

co Se&ntd al
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i n ihvertioBAESe donbf Beelisk| ow cyt onetry was perfor rred
using a I-Bg S ¢ 4 slluj'o tIhQ Sr’r%gnlé %gement gfg IL-2 production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blaét/Raji
assay. It is interesting to cqnsider that the mAb, CT4.9.1, binds to CTLA4 but
25 does not block B7 binding. Thus, simply binding to CTLA-4 is insufficient by
itself to provide a functional antibody of the invention.

Figure 15 shows the mean enhancement of IFN-y production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blast/Raji
assay. )

30 Figure 19 shows a comparison between the 4.1.1 and 11.2.1 antibodies
of the invention at a concentration of 30pg/ml in the 72 hour T cell blast/Raji



H st ogram markers were set by anal ysis of rel evant

i sotype control antibodies (Caltag, Burlingane, CA).
In general, we have devel oped an assay that can be
used for rapid 5 determnation of T-cell IL-2
upregul ation. As will be appreciated, stinulation of
T cells is B7 and CD28 depegident. Further, washed T
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- EXAMPLE 10

Human T-Cell Signal Model

We developed a second cellular assay in order to quantify the
enhancement of T-cell IL-2 upregulation upon blockade of CTLA-4 signal with
the antibodies. The following materials and methods were utilized in

connection with the expeiments:



assay as described in this Exanple 9 and the

Super anti gen assay described in Exanple 10. Figure 20

shows the concentration dependent enhancenent of IL-2
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devel oped a second cel |l ul ar assay |n order to quantify
bl ockadSobi it e epgifis s Hp n AL T B0y,
f oFigonsi16ginductien bAILs2 productien hdﬂ%BMé lﬁemﬁ ddniorsaeksinreasured
CO?? goutré gger%mu]a&on l%)&pgurgmf? results are shown from measurement
of whole blood, analyzing the difference in induction of IL-2 production in the
.blood of 3 donors as measured at 72 and 96 hours after stimulation.
‘In Figure 21, the enhancement of IL-2 production in whole blood of 2

donors as measured at 72 hours after stimulation.

ExXAMPLE 11

Tumor Animal Model

We have established an animal tumor model for the in vivo analysis of _
anti-murine-CTLA-4 antibodies in inhibiting tumor growth. In the model, a
murine ‘fibrosarcoma tumor is grown and the animals are treated with anti-
murine-CTLA-4 antibodies. The materials and methods for establishment of

the model are prow}ided below:
Materials and Methods

Female A/J mice (6-8 weeks old) were injected subcutaneously on the

dorsal side of the neck with 0.2 ml of SaIN tumor cells (1x10°) (Baskar 1995).



Materi al s and Met hods Human PBMC were prepared using
Accuspin. Mcrotiter plates were precoated with an
anti-CD3 anti body (leu4, Becton Dickinson) (60 ng/m)
and 5 incubated for 2 hours at 37C. hPBMC were added
to the wells at 200,000 cells per well. Staphylcoccus
enterotoxin A (SEA) (S grm) s added to the wells at
100 ng/m Ant i bodi es vvere d8ded. to the wel | s,

usu at | s wer st i.mul d, for
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f or 2 LAolavsne thei et of o cells- ?ﬁ&ﬁ BEASPIEHgts Were taken
Resalring the antsb%&heemeweme Bkperigets SRR ISParfettOSKF® Pilus
16, 17, and 21. In gure 16, induction of IL-2
br oRlErTonis Falingr H‘F‘BR)EMAI’)(?H? B0S $15F AP Teread s surfpes area
hougsyemli b@tunidrighawtRth@?). I n Figure 17, results are
shown from neasurenent 15 of whol e bl ood anal yzji ng .
the dif fBg@adE shAWs MsiahipBiondtt tHmoD SEoMY Bt Bnanthmpree

bl oe@u&m AU0N0h S, ASITERLERmA turd? nR5adl. 98s HRWhSn @fgtu?er
stimulation. I'n Figure 21, the enhancenent of |L-2
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f or altthmunw GThyt mudvb grsicapable of aphitiiting grpvid-oE|fikraparcoma in

anthmqgqu?bﬂmbﬁl biting tunor growth. In the nodel, a
nmurine ftibrosarcoma tunor is grown and the ani rrals
ar e tr ealt éscexpgatdd thﬁtahtihmie'ﬁ thet @Flcresgreativeoith murineTGELA-
mat erj b n
ar egp&r’c’g}\lﬁS 8‘%@"@%‘”? tﬂ% |ng %ﬁaﬁa‘%’%?h%f gg %&E gtq(}%e
1A/ J invbm@n(tﬁatslambm c@xbdc)ed\ﬁmeossrrpmtf@d noud) eugt @vregerstiye
s q\ gbde of the neck with 0.2 ml of SalN
tunDr ceﬁ %“? x106) (Baskar 1995). 86 Anti-nurine
CTLA-4 or an isotype matched control anti body
(Phar M ngen, - San D ego, Apid ug/ animal ) were
injected intraperiti onea@o‘r‘l—g”ays 0, 4, 7 and 14

followi ng the injectifmmof AnimgMaie}l | s. Tunor
25reasur ements were taken

In order to further investigate the activity of antibodies in accordance
with the invention, a xenograft SCID mouse model was designed to test the
eradication of established tumors and their derived metastases. In the model,
SCID mice are provided with grafted human T cells and are implanted with

25  patient-derived non-small cell lung cell (NSCL) or colorectal carcinoma (CC)
cells. Implantation is made into the gonadal fat pads of SCID mice. The
tumors are allowed to grow, and thereafter removed. The mice develop human-
like tumor and liver metastases. Such a model is described in Bumpers et al J.
Surgical Res. 61:282-288 (1996).

30 It is expected that antibodies of the invention will inhibit growth of

tumors formed in such mice.



during the course of the 3-4 week experinments using a
Starrett SPC Plus 5 electronic caliper (Athol, M\ and
tunor size was expressed as the surface area covered
by tunor growth (m®2). Figure 18 shows the inhibition "
of tunmor growth with an anti-nurine CTLA-4 antibody
in a nurine fibrosarcoma tumpr nodel. As shown in
Figure 18, aninals treated %ith anti-CTLA-4 had a
reduction in tunmor growmh as 10 conpared to ani mals
treated with an isotype control antibody. Accordingly,
anti-nurine CTLA4 mubbsr@ienieapaRkeser@hck nhi bi ting
grow h of a fibrosarcoma in a nouse tunor nodel. It
is expected that antibodies that are cross-reactive
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c) enhances cytokine production in a human T cell blast/Raji assay by 500
pg/ml or greater;

d) enhances IL-2 production in a human T cell blast/Raji assay by 500
pg/ml or greater;

e) enhances interferon-y production in a human T cell blast/Raji assay by
500 pg/ml or greater;

) does not bind CTLA-4 from mouse, rat or rabbit;

g) binds CTLA-4 from cynomologous and rhesus monkeys;

h) binds to a conformational epitope on human CTLA-4; and
i) inhibits human tumor growth.
2. Use of a human monoclonal antibody or an antigen-binding fragment thereof

that binds cytotoxic T lymphocyte antigen 4 (CTLA-4) in the preparation of a
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International Patent Application No. WO 97/ 20574
I nternational Patent Application No. WO 97/38137
I nternational Patent Application No. WO 98/24884 96
International Patent Application No. WO 98/24893,

publ i shed June 11, 1998 EQUI VALENTS 5 The foregoing
description and Exanpl es det 8 certain preferred

enbodi nents of the invention and descri bes the best

mode weditangitdernhpycinhe cytoipxint eelsrespensgiin p swRject, wherein said
appreci ated, however, that no matter how detailed the

for egzﬁitﬂbgdﬁﬁﬂut&ﬂﬂﬁlﬂ‘l‘anl(ﬁHIMtblndlhg td BRV-dnwitloan Hesy obebout 100 nM
practiced in nmany ways and the invention should be

const §Ugded, An@ VhEFSREEE a¥itold hﬁ@atﬂéﬁ%ﬁﬂﬁ’@ﬂopérw §aectditfrom the
1o any equival ents t hereof . g Cains 1. Use of a

human nti body or an antigen- blndlng
fragn%%?g?%es?%% <’Pt hat bi nds cytotoxic T Iyrrphocyte

antigen 4 (CTL L OB ®

for e‘%hancé‘% @W%fk{:ﬂ%ApAFSP&b&pt‘? ngﬁ Xeol g&ﬁﬂoa%ﬁ&tﬂer
subj ect, wherein 5 said anti body inhibits human CTLA-4

bi ndi ng t oafBRity; with an 1C50 of about 100 nM or

| ower, and wherein said anti body has at |east one

propebty sihiitsdunfandiLA-Hindiogite BEAsYig amisopf abppt 100 nM or
bi nds human CTLA-4 with a binding affinity of about

10-9 or grrmegr affinity; 10 b) inhibits human CTLA-4
binding to B7-2 with an 1C50 of about 100 nM or

| ower ;y C) @A T R11DIYRE] adsay by 500
0 ast?%{a? &dﬁ@é&b@&t@h@ﬂ%h g)a say by

cel | say by 500 pg/m or greater;

enhances |L- 21 roge%etrl on in a human T cell blast/Raji
assay by 5 fﬁg or greater; enhances
|nterferony prod |nah man st/Ra
assaydby "g“/lx’l'i yriwgig e, Ufr)an;[&)%ei lnaasafby 500

CTLA-4 from mouse, rat or rabbit;
pg/ml or greater;

e) enhances interferon-y production in a human T cell blast/Raji assay by
500 pg/ml or greater;

) does not bind CTLA-4 from mouse, rat or rabbit;

g) binds CTLA-4 from cynomologous and rhesus monkeys;

h) binds to a conformational epitope on human CTLA-4; and

i) inhibits human tumor growth.

3. Use of a human monoclonal antibody or an antigen-binding fragment thereof
that binds cytotoxic T lymphocyte antigen 4 (CTLA-4), in combination with
cells expressing granulocyte-macrophage colony stimulating factor, in the
preparation of a medicament for treating a tumor in a subject, wherein said

antibody inhibits human CTLA-4 binding to B7-1 with an ICso of about 100 nM
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g) binds CTLA-4 from cynonol ogous and rhesus nonkeys;

20 h) binds to a conformational epitope on human

CTLA-4; and i) inhibits human tunor growth. 2. Use of

a human nonocl onal anti body or an anti gen- bi ndi ng
fragnent thereof that binds totoxic T I ynphocyte
antigen 4 (CTLA-4) in the pré%gration of a 98

medi canent for enhancing a cytotoxic T cell response

in a @ubperend wheredn spidantibodnhes ¥denst PRAPIBPEYY $elgeiad from the
CTLA-4 binding to B7-1 with an 1 C50 of about 100 nM

or | om@up casibtinp@fei n said anti body has at |east one
property selected fromthe group consisting of 5 a)

bi ndsyhumegyn§liiindn QIrLA-Awith r&di_iﬁtﬁn%_ﬁfﬂn‘ftztoy abbutapdiek greater
10"9 or greater affinity; b) inhibits human CTLA-4

bi ndi ng tomﬁﬁi . wth an I CJ0 of about 100 nM or

| ower; c¢) enhances cytokine production in a human T

cell hlast/Raj.j ,assay..hy 0 ,.10 Qr at er.:
enhan®es | Pl #Baﬁeﬁﬁﬁ‘?ﬁ” dl%f‘?ﬁ%?%‘ﬁ] ?ggcﬁ&gfﬂﬁgﬁoo nM or
assay by 500 pg/m or greater; e) enhances

i nt er f er onl%eBr oduction in a human T cel|l blast/Raji

assay by 500 pg/m or greater; 15 f) does not bind
CTLA-¢) f r oenhancseytakate moducsibhiin a hyipaty TregH bizsr/Raid assap by 500
cynonol ogous and rhesus nonkeys; h) binds to a

conf or mat i pgyall oepicape on human CTLA-4; and i)

i nhi bits human tunmor growth. 20 3. Use of a human
nmonockypnal ' i [ Ingh RAUR &Y by 500

t her e@? t ﬁg{%}lﬁ%ﬁgé@ g{?td g{tg@pg a%ﬁ/aﬁp%gg? %J anti ggeh:}]]
(CTLA-4), iq onbinf&jon with cells expressing

gr anul ocyt BYMES 85 aGe col ony stinulating factor, in

the preparation of medi cgnent for treati a  funor

in a Subj eE@l}anméP@rfﬁr%la\f B‘Ogaﬁﬂnﬁ%&wmﬁ‘ﬁﬁlb‘?ﬁﬁgolﬁ%}rﬁ%ﬂ assay by
CTLA-4 binding to B7-1 with an 1 C50 of about 100 nM 99

or |ower, adpskdoeeratesi d anti body has at | east one

property selected fromthe
does not bind CTLA-4 from mouse, rat or rabbit;

2) binds CTLA-4 from cynomologous and rhesus monkeys;

h) binds to a conformational epitope on human CTLA-4; and
1) inhibits human tumor growth.
4. The use of claim 3 wherein said antibody or fragment does not participate in

complement-dependent cytotoxicity.

5. The use of any one of claims 1 to 4, wherein said antibody or fragment
comprises a heavy chain variable region amino acid sequence that utilizes a

human Vy3-33 family gene.
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group consisting of: a) binds human CTLA-4 with a

bi nding affinity of about 10-9 or greater affinity; 5
b) inhibits human CTLA-4 binding to B7-2 with an | C50
of about 100 nMor |ower; c) enhances cytokine
production in a human T cell &# ast/Raji assay by 500
pg/ M or greater; d) enhanced®f L-2 production in a
human T cell blast/Raji assay by 500 . 10 pg/m_ or

&@r eat Bie use)of glaim de wbereint @ﬁ@émfbwﬂlzab%&Lﬁ%qr@wqdr%sequence
human T cell blast/Raji assay by 500 pg/m or

gr eat alignnfeptsdsag 3B AS K skqUFnes-dreftooyn nouse, rat or
rabbit; g) binds CTLA-4 from cynonol ogous and rhesus
nonkeys; 15 h) binds to a conformational epitope on
human CTLA-4; and i) inhibits human tunor growth. 4.
5”‘9 UPE LQJe oFla I?}%Bhéoff\él%%' 1%363'\@1(:&% ézg’&)gﬂ[tl%ﬁy ihA6iiERiman

does not participate in conplenment- depen ent

cyt ot se ne | @

el L ﬁ%dalggwbﬂavyﬂ L s%on%?’.ﬁ?es i gha v
heavy chain_variable region am ngQ aci d sequence t%u‘é\%
ut i | i beBanCThaAnhhingis 8 B7r 4 pithyan Jesmdowery an boupfes
of claimb5, wherein the gene utilization is determ ned
by sequence alignnments using a V BASE sequence
directory. 7. The use of any one of clains 1 to 6,
gher eThe 6l of adnoh®oflylainii toi 7, svhetsimeaid aiTthodly 4ohipnidéseglight
to B7-1 with an 1C50 | ower than about 0.50 nM and
i nhi bilas, arﬂ}f%%lcf?s-ghﬁe&e@bleab@ﬂohﬂhgér Vohklstadp 50

| ower than about 0.38 nM 8. The use of any one of

I 1 i
claing 1 tg, aggnqgmégmo%@fddse i egﬁ%(hmgpﬁ@sgro reio98id

Chal am no sequence se romt
consi sting I ne.am no acid

sequence oge@lﬁﬁﬁﬁweﬂﬁg]""v&ab%ﬁ% JRUEHOY  germi i ne

sequence with at least 1 nutation;
d b) the germline amino acid sequence of a human 012 Vk gene or said

germline sequence with at least 1 mutation;

) the germline amino acid sequence of a human A10/A26 Vx gene or said
germline sequence with at least 1 mutation;

d) the germline amino acid sequence of a human A17 Vk gene or said
germline sequence with at least 1 mutation; and

€) the germline amino acid sequence of a human A3/A19 Vk gene or said

germline sequence with at least 1 mutation.

9. The use of claim 8, wherein said germline amino acid sequence of a human A27
Vk gene contains at least one mutation selected from the group consisting of:
a) at least one amino acid in the CDR1 is deleted compared to the human

A27 Vk gene germline amino acid sequence,
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b) the germine am no acid sequence of a human 012 VK
gene or said germine sequence with at |east |
nmutation; c) the gernmline am no acid sequence of a
human Al 0/ A26 VK gene or said 15 germ ine sequence
with at least 1 nutation; &he germ i ne amno acid
sequence of a human Al17 VK gé b or said germine
sequence With at least 1 nutation; and e) the gerniine
am nobaci dthe eefirertesidud atzpositiensd intierammie GRRS Hovaidn frigure 4
germine sequence with at least 1 nutation. 20 9. The
use of cl apfith8huivae Vi AR Bgdind hgebedni raplacad aed aci d
sequence of a human A27 VK gene contains at |east one

nut atyon s@keahefcddtand Bth@a@ bRYEorBEN i v dritdnQdonséyatdle amino
| east ‘'one amno acid in the CDRL is del eted conpared

to the hu
sequence: - Ts5 Y R FeRT WHIRRRICAST uthe gergline amino
t he gern1|ne CDR3 shown in Figure 4 of the human VK

A27 gene hidd BRIYANGCep| aced; and c) the CDRL contains

at | east one conservative or non-conservative am no

acid substitution conpared to the human VK A27 gene
germine amno 5 acid sequence. 10. The use of any

dhe oThehskiafmng ohe obglainimel @ 9 védwmiain said abidebdy comprisesetbe light
the light chain CDRL, CDR2 or CDR3 sequence of any

ant i baghyn 6DRWN CDRFHITDRS séquefcSof andAnfiBodyldhewansa Fafures 4 to 8.
any one of clainms 1 to 10, wherein said anti body

conprises the |light chain CDRlL, CDR2 and CDR3

sequences of an antibody shown in Figures 4 to 8. 12.

ngzuiﬁ‘aﬁ g é) e 8f cl\gpn(lesr ﬁg)nh(}a\%eléixgggid %ﬂ%oﬁy%rises the light

nces

conservatlve substitu co are t. e,of th
ant i bsw ORI R @}dggggé sgqyegces o 78 amf%%is usélgwsfm hg}}lres 4 to

one of claims 1 to 7, wherein said antibody conprises

the | Bght chain variable region of an anino acid

sequence selected fromthe group 20 consisting of SEQ

ID NOS: 14 to 26 without a signal peptide sequence if

present.

12.  The use of claim 11, wherein the light chain CDR1, CDR2 and CDR3 sequences
have up to five conservative substitutions compared to those of the antibody

shown in Figures 4 to 8.

13.  The use of any one of claims 1 to 7, wherein said antibody comprises the light
chain variable region of an amino acid sequence selected from the group
consisting of SEQ ID NOS: 14 to 26 without a signal peptide sequence if

present.

14.  The use of any one of claims 1 to 7, wherein said antibody comprises the light

chain variable region of an amino acid sequence selected from the group
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14. The use of any one of clains 1 to 7, wherein said
anti body conprises the light chain variable region of
an am no acid sequence selected fromthe group 102
consi sting of SEQ ID NOS: 65, 67, 69 and 71 without a
si gnal peptide sequence if present. 15. The use of
any one of clains 1 to 14, @ ein said anti body has a
heavy chain 5 conprising the germline amno acid .
sequernsistiig of FEQER NOSH3R87( Al ket agigngbpeptide sequence
germ ine sequence with at least 1 nutation. 16. The
use off payntone of clainms 1 to 4 and 7 to 14, wherein
said anti body conprises a heavy chain am no acid
sequence selected fromthe group consisting of: 10 a)
the germine amno acid sequence of a human VH 4-31

ﬁPrF:;J tegl%el Fell an% 01[1).3s 81{ :ﬂai%r 1Mol 138 wﬁ%%H%?cPaM&BHy fihs 4 BARY fchain

on,  a e gernl’inhe amno acld sequence 0

a human VH. DP- 47 ne or. sai. erm i ne _sequen j

o1 cotuuprisin e e ghing aci sedRR of BT GR S5 050 gene
claims 1 to 14, wherein said antibody conprises a

heavyor seithgesmpreequemrwish aidems 1 JafafEce shown in

Figure 2. .18. The use of any one of clainms | to 14,
wherein said anti body conprises the CDRl1, CDR2 and

CDR3 am no aci d sequences of an anti body shown in 20

.9ur ehuselft-any Be UBEa@is Llodd MAdLBio M) eherein $did alitédy comprises
chai n CDR1 and CDR3 am no acid sequences have

up to, E%M;C%Qﬁ%%iﬁgggy%eﬁ}égg éetlé&équ'i’(ﬁn 0 Gotsting of:

t hose e antl [ I gure 103 0." The use

of any, one,of clains 1 tqg. 4 r e [

ant i bédy CB‘&%"’F&@ € gRinoyegid 56 Q%gizﬂ}%gﬁ%%% gigp%% %gfgene or
an am no aci,d sequence selected fromthe grqup

consi st i ngS&¢ egEEyNeSeaNsace Vith gt legst ) ?‘H@H?n’%“gi gnal

pepti de segyence.if 5 present. 21. The use of any one .
of cl bl ns thetgsrmline snioecid ssarencant # bemgn Yorkr#< €ng grsaid
heavy chain variable region of an am no acid sequence
sel ect ed f gamlinesequrenopwitb@ankastlimgtanén.SEQ | D NOS: 63,
64, 66, 68 and 70 without a signal peptide 10 sequence

i f present.

17.  The use of any one of claims 1 to 14, wherein said antibody comprises a heavy

chain CDR1, CDR2 or CDR3 sequence shown in Figure 2.

'18.  The use of any one of claims 1 to 14, wherein said antibody comprises the

CDRI1, CDR2 and CDR3 amino acid sequences of an antibody shown in

Figure 2.

19.  The use of claim 18, wherein the heavy chain CDR1, CDR2 and CDR3 amino
acid sequences have up to five conservative substitutions compared to those of

the antibody in Figure 2.
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22. The use of any one of clains 1 to 7, wherein said
anti body possesses one or nore properties selected
fromthe group consisting of: a) conpetitively
inhibits binding to CTLA-4 by a reference anti body or
an 15 antigen-bindi ng fragni&% t hereof, wherein said
reference anti body conprise heavy chain vari abl e
region am no acid sequence and a |ight chain variable
region am no acid sequence selected fromthe group
consisting of: i) the heavy chain variable region
2071 noTlecusd of any encef dlainSHQol4indZ0toN@, whemirdsaichantibodi comprises
chain variable region am no acid sequence in SEQID
NO  1fie hkdvy dhafh VRN r6fidh Bf Mkl Rid Rgiéite dsleted omtthe
sequence in SEQID NO 8 and the light chain variable
regio . . E i
i) @ﬁ%@%ﬁ%&ﬁ’ﬁ@aﬂr oS & t?‘?é@é‘%&éﬁggg Fpeptdé sequence if
sequence in SEQ ID NO 63 or 64 and the light chain
vari aff¥™-egi on amino acid sequence in SEQ ID NO 65;
iv) the heavy chain variable region amno acid
sequence in SEQID 5 NO 66 and the light chain
vari abl e region am no acid sequence in SEQ ID NO, 67,
2). t h€hdresm\of aohahaofdrinabl © Heyhorimsaidhantthody cempuisasdle heavy
in SEQID NO 68 and the light chain variable region
ani NOclagn varf®UIRRRA ofian adimtd ddil MQuei®;sckndd fidnvihe gring
heavy chain variabl e regi on anmi no aci d sequence in SEQ
I D i& okt i rdn@08yikiRAt 8 8ighAl fRptide
aci d'\@ené{?gﬂg gﬁSnggE%gpoéﬁdé’ %?@b) o ey agail iep
epi tope as _said ference anti body or fragnent; and c)
has age@i“ﬁrbﬁeﬁgprs‘?%geng'i ficity that is substantially the
same as said reference 15 antibody or fragnent. 23.
The use of any one of clains 1 to 7, wherein said
anti body conpetitively inhibits hinding. of a
221 er &he Bsenfiany ag of elaimmbie Grheran sy apidbadyinpssesses one or
reference

more properties selected from the group consisting of:

a) competitively inhibits binding to CTLA-4 by a reference antibody or an
antigen-binding fragment thereof, wherein said reference antibody
comprises a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence selected from the group
consisting of:

i) the heavy chain variable region amino acid sequence in SEQ ID
NO: 3 and the light chain variable region amino acid sequence in
SEQ ID NO: 16;

i1) the heavy chain variable region amino acid sequence in SEQ ID
NO: 8 and the light chain variable region amino acid sequence in

SEQ ID NO: 21,
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antibody is antibody 4.1.1, 4.8.1, 6.1.1 or 11.2.1
havi ng the am no acid sequence 20 as shown in Figure
22. 24. The use of claim 23, wherein the anti body
conprises a CDR sequence identical to a CDR sequence
of an anti body shown in Figur& 22. 105 25. The use of
any one of clains 1 to 7, whé?4in said ant i body
conprises at |east one of the follow ng: a) human,
FRL, FR2 an) FRBebejyahainsvasiablsdegiongmin $eqvencg B SEQ ID
gene famly or said gene famly with conservative
substitutions, WOsbhot 64 amhthe Sightelmar vatableeregion amino acid
substitution or both; and b) human FR1, FR2 and FR3

sequences encodg@dubhtedn BBOAID NB: 8,7 gene famly, or
said gene famly with conservative substitutions, a

single nofr) CONge A é&%hﬁ%ﬁ’ﬁ&fetrgéigg 4o %?& Bequi-c28 SEQ ID

The use of 'any one of al Ims n said

ant i body conprises heavy. al.n_am,no acid

conprising the é&l@ﬁpgﬁﬁﬁl g&%‘ Ié&%réar? e aﬁr{ﬁﬁgggg%&ueme
11.2.1 as shown in Figure 2 with up to six nutations.

27. The use of WQ&@N@ @haims 1 to 4, wherein said

anti body binds to human, 15 cynonol ogous or marnoset
CTLA-4 Wi t¥) abothe helrey chairevasiableaegion athingf 4cid agquencepg SEQ ID
The use of any one of clains 1 to 4, wherein said

anti body conpri Nes 68 ahe theylight bigdin vaddbioregiinthnsiag aeidcequence
and a light chain am no acid sequence sel ected from

the group consi zlémg 18fNOZD:ahd@ heavy chain ami no
aci d sequence conprising SEQ ID NO 63 or 64 without

a signal peptid equence ' :haj ] G
equance " EBpr Mg hest AR sk epfingila R o 10
pepti de sequence; 106 b) a_heavy chain am no acid.
sequence conpri Sihd 8§E@2t ‘Wj‘%ﬁ"é% V@ﬁ”la%%fﬁgmé’ anigR 4Fid sequence
pepti de sequence and a light chain am no acid sequence
conpri si ng SEQ MPRAIDEYOW khout a signal peptide
sequence; c) a heavy chain am no acid sequence

conpr bsi ngbiBEQHeBan@ epBSpanstsamieferdicy agfibpsy| orgeagiiedt and
sequence and a light chain am no acid sequence

conpr ppi Ngh&R{binBin¥Gpedificivy thboy ulsstitighathepamiciad gaid reference
sequence; and

antibody or fragment.

23.  The use of any one of claims 1 to 7, wherein said antibody competitively inhibits
binding of a reference antibody to human CTLA-4, wherein the reference

antibody is antibody 4.1.1, 4.8.1, 6.1.1 or 11.2.1 having the amino acid sequence

as shown in Figure 22.

24.  The use of claim 23, wherein the antibody comprises a CDR sequence identical

to a CDR sequence of an antibody shown in Figure 22.
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d) a heavy chain ami no acid sequence conprising SEQ ID

NO 70 and a I|ight chain am no acid sequence

conprising SEQ ID NGO 71. 10 29. The use of any one of
claims 1 to 4, wherein said antigen-binding fragnment
conprises the Fab fragnment of 5an anti body t hat

conprises a heavy chain am nd% aci d sequence and a

i ght chain am no acid sequence selected fromthe

2fr. oupThecusaoif sny pue of claims latoe ahgreihsgihaniiiody ca@prses at least
sequence conprising SEQID NGO 63 or 64 15 without a

si gnadnepsild fdlosagpience and a |ight chain amino acid
sequence conprising SEQ ID NO 65 without a signal
peptige SegueNeR 1, DR PardiedrvY sqididas 8fboded B¢ athufal VeB-83 gene
conpri'sing SEQ ID NO 66 wi thout a signal peptide
sequence apd. i.ght ' ' o P80 3 : .
conpri si ngpag)é% 4rﬁgﬁéeﬁg%lt gﬁ? 0'25%2‘%825?&‘%@%’?‘."3% a single non
sequence; 20 c) a heavy chai nm ngQ aci d sequence

conpri si ng® Ftﬁ’q\ﬁ.%s%guw ?rﬂ%@i‘ ang si gnal peptide
sequence and a light chain am no acid sequence

conprbksi nghsEm F]b?al@z ool R3 srayencss §P“gﬂ4§‘i§l gkﬁ ég@lp’d‘@ Vk A27 gene
sequence; and d) a heavy chain am no acid sequence

conpr i si ngfaBily, bDsauDgere(family veith ¢ongtrvativessuhstiniions, asingle non-
sequence conprising SEQID NO 71. 107 30. The use of

any one of ¢dilsaivaBvelsubetithtiombee@h.n sai d anti body

conprises a heavy chain variable region amno acid
sequence and a light chain variable region amno acid
sequence sel ected fromthe group consisting of 5 a)

e heavy chain varjabl e } Q ] i CE,
40 1 B o] Mg gl ok SRR B RheRTh S A OB EBHERRE d favy
am no acid sequence in SEQ I.D NQ . b) t heav
chaij nchaiR PRBIOACHEHABFNCY W%rl%g@%%%ﬁgﬁ%%ghi I%%SE@‘IF e of
NO 8 and the light chain variable region am no acid
sequemrtibody 1620 ahren in Figupa 2 with upe sheByptierki n
vari able region am no acid sequence in SEQ ID NO 4
and the light chain variable region amno acid
sequence in SEQ ID NO 17; and d) the heavy chain
yar i alphe useesti AN caboNelafs OtcsEueRnde sait abiibd dyDilNg to human,

cynomologous or marmoset CTLA-4 with about the same on-rate and off-rate.

28.  The use of any one of claims 1 to 4, wherein said antibody comprises a heavy
chain amino acid sequence and a light chain amino acid sequence selected from
the group consisting of:

a) a heavy chain amino acid sequence comprising SEQ ID NO: 63 or 64
without a signal peptide sequence and a light chain amino acid sequence

comprising SEQ ID NO: 65 without a signal peptide sequence;
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15 and the light chain variable region am no acid
sequence in SEQID NO 14 31. The use of any one of
claims 1 to 4, wherein said anti body conprises a heavy
chain am no acid sequence and a light chain amno acid
sequence selected from 20 th@ group consisting of: a)

a heavy chain am no acid seqtlj thee conprising SEQ ID

NO 3 and a Ilight chain anmno acid sequence )
conpri)si nge IBAQY (Chein@minGacieh pequeneAmRsiTHIg BAR N QG bwithout
sequence conprising SEQID NO 8 and a |I|ight chain

am no aci da signpl@epidecceqmerics iandja 8B dhBinN@ning beid soguency

a heavy chain am no acid sequence conprising SEQ ID

NO 4 wi t hyshprisi SPQIIDREO! sTRitEORUENEGR] pérlida stqughte;
chai n am no a%i d&sg%%ence conpri sing SE%@FD I\I(§l 17

w thout a sj I I: : : . :
Chai r0am rib S GhEERAT A SUERAE cchifstle FEQEPHO: 68 withou
without a 5 signal., peptide sequence and a |ight chain
am no aci d® ?8&%}3’&Bfédep%@5H?J}CF§P§3%§E‘§’FB q\lﬁnofﬁ%vaefl %ﬁ%

a signal peptide sequence. 32. . The use ?f any one of
claims 1 termprisippeRADNVHOARIthoYHsIgNe g%ﬂtlé%tss%uerl?%ﬁf‘d
the group consisting of: 10 a) an antibody conprising

a heady chaheavarhain sating agid geaisoes eapmpising %@QAD NORI0 and a
CDR2 and CDR3 sequence of antibody 4.13.1 as shown in

Fi gure 2 apghtahhingiiine heid BequeheocomepribirpeSfE@ ADENO: 71.
conprising a CDRlL, CDR2 and CDR3 sequence of anti body
4.13.1 as shown in Figure 4; and b) an anti body
conprising a heavy chain am no acid sequence

nprisin 15 . . 1eNC £ t
28T oot % &h4nd R ST £ st ANy A 5 ERCYinBng fragmen
chain am no aci d. sequence_.conpri Si a CDR1l, CDR2 and .
CDR3 SUBRIAHE 31%€aba¥§%c§%&9f g ayiogdy, (R ComRTISes ey ghap amino
33. The use of any one of clains 1 to 4, wherein said
ant i bad§ seaeped andka bty €bip anpry qid pequgnserslegterd Jrom the group
sequence conprising a CDRlL, CDR2 and CDR3 sequence of
ant i boehsistihg?f:1 as shown in Figure 2 and a light chain
am no acid sequence conprising a CDRI, CDR2 and CDR3
sequepge Oh haaly datyanihoAcill saguenbovemprisindBBQIIB 8O: 63 or 64

without a signal peptide sequence and a light chain amino acid sequence
comprising SEQ ID NO: 65 without a signal peptide sequence;

b) a heavy chain amino acid sequence comprising SEQ ID NO: 66 without
a signal peptide sequence and a light chain amino acid sequence
comprising SEQ ID NO: 67 without a signal peptide sequence;

c) a heavy chain amino acid sequence comprising SEQ ID NO: 68 without
a signal peptide sequence and a light chain amino acid sequence
comprising SEQ ID NO: 69 without a signal peptide sequence; and

d) a heavy chain amino acid sequence comprising SEQ ID NO: 70 and a

light chain amino acid sequence comprising SEQ ID NO: 71.
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109 34. The use of any one of clains 1 to 4, whefein
said antibody is selected fromthe group consisting
of : a) an anti body conprising the am no acid sequence
of the heavy chain CDRl through CDR3 of anti body
4.13.1 as shown in Figure 2 and the 5 am no acid
sequence of the light chain t hrough CDR3 of
antibody 4.13.1 as shown in Figure 4; and b) an
ant i body conprising the am no acid sequence of the
heavy chain CDRI through CDR3 of antibody 4.14.3 as
FhowTheustiofufigore aidaitisd todiwhoreacsaill amipodn cempfisastacheavy
l'ight chain CDRL through CDR3 of antibody 10 4.14.3

as S rkq’l\ﬁ’ﬁl Viablede§i®n 4mirkPacid BRuES® af adlpht Oiten Odridbl@tegon

1 4, wherein Said anti body conprises the am no
d h CDR3 of
gf"“ bagngl H%gfdeeg&en%@elg @d’%o&*}gég GE%%@R{ N oo O

acid equenc he |i chai n CDRL. h.l .
of ardi bod{*® ga\g_y ‘&laH‘s"%%B SIAN BMAGR 31 squ §E§@§NO.3

of any one of clainms 1 to 4, wherein said ant|b0d¥ .
conpri ses andibalight cha varighleiragipe aming asid seqrerseap PEQ ID NO:

sequence conprising am no acid residues 1-89 of SEQ
ID NO 9, uhd further conprises the Iight chain
vari able region amno 20 acid sequence in SEQ ID NO

22. 3§y Th@rewssyvyodhadWarRBR refiof lafiiftbacld sauéncenh B ID NO: 8
sai d anti body conprises a heavy chain anmino acid

sequence CANPE FbROHAM MRiable! g 16§§hﬁ’rﬂ)ea°c1ci-s fede iPSRJ P NO:

NGO 110 9, and further conprlses a light chain am no
aci d seque ge conprising SEQID NO 22. 38. The use
of cl ai m 36 ’or 37 wherein the anti body or fragnent

binds to human, cyno ous or, mar.noset
with @bout thlemga%?@nbﬁar leer%glﬁa agyino acid sequence m'%EAQ ID NO: 4

and the light chain variable region amino acid sequence in SEQ ID NO:
17; and

d) the heavy chain variable region amino acid sequence in SEQ ID NO: 1
and the light chain variable region amino acid sequence in SEQ ID NO:

14

31.  The use of any one of claims 1 to 4, wherein said antibody comprises a heavy
chain amino acid sequence and a light chain amino acid sequence selected from
the group consisting of:

a) a heavy chain amino acid sequence comprising SEQ ID NO: 3 and a
light chain amino acid sequence comprising SEQ ID NO: 16;
b) a heavy chain amino acid sequence comprising SEQ ID NO: 8 and a

light chain amino acid sequence comprising SEQ ID NO: 21;
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32.

33.

d)

108
a heavy chain amino acid sequence comprising SEQ ID NO: 4 without a
signal peptide sequence and a light chain amino acid sequence
comprising SEQ ID NO: 17 without a signal peptide sequence; and
a heavy chain amino acid sequence comprising SEQ ID NO: 1 without a
signal peptide sequence and a light chain amino acid sequence

comprising SEQ ID NO: 14 without a signal peptide sequence.

The use of any one of claims 1 to 4, wherein said antibody is selected from the

group consisting of:

2)

b)

an antibody comprising a heavy chain amino acid sequence comprising a
CDRI , CDR2 and CDR3 sequence of antibody 4.13.1 as shown in
Figure 2 and a light chain amino acid sequence comprising a CDRI,
CDR2 and CDR3 sequence of antibody 4.13.1 as shown in Figure 4; and
an antibody comprising a heavy chain amino acid sequence comprising a
CDR1, CDR2 and CDR3 sequence of antibody 4.14.3 as shown in
Figure 2 and a light chain amino acid sequence comprising a CDRI,

CDR2 and CDR3 sequence of antibody 4.14.3 as shown in Figure 4.

The use of any one of claims 1 to 4, wherein said antibody comprises a heavy

chain amino acid sequence comprising a CDR1, CDR2 and CDR3 sequence of

antibody 11.2.1 as shown in Figure 2 and a light chain amino acid sequence

comprising a CDR1, CDR2 and CDR3 sequence of antibody 11.2.1 as shown in

Figure 5.
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34.

35.

36.

37.

109

The use of any one of claims 1 to 4, wherein said antibody is selected from the

group consisting of:

a) an antibody comprising the amino acid sequence of the heavy chain
CDRI1 through CDR3 of antibody 4.13.1 as shown in Figure 2 and the
amino acid sequence of the light chain CDR1 through CDR3 of antibody
4.13.1 as shown in Figure 4; and

b) an antibody comprising the amino acid sequence of the heavy chain
CDR1 through CDR3 of antibody 4.14.3 as shown in Figure 2 and the
amino acid sequence of the light chain CDR1 through CDR3 of antibody

4.14.3 as shown in Figure 4.

The use of any one of claims 1 to 4, wherein said antibody comprises the amino
acid sequence of the heavy chain CDR1 through CDR3 of antibody 11.2.1 as
shown in Figure 2 and the amino acid sequence of the light chain CDR1 through

CDR3 of antibody 11.2.1 as shown in Figure 5.

The use of any one of claims 1 to 4, wherein said antibody comprises a heavy
chain variable region amino acid sequence comprising amino acid residues 1-89
of SEQ ID NO: 9, and further comprises the light chain variable region amino

acid sequence in SEQ ID NO: 22.

The use of any one of claims 1 to 4, wherein said antibody comprises a heavy

chain amino acid sequence comprising amino acid residues 1-89 of SEQ ID NO:



38.

110
9, and further comprises a light chain amino acid sequence comprising SEQ ID

NO: 22.

The use of claim 36 or 37, wherein the antibody or fragment binds to human,

cynomologous or marmoset CTLA-4 with about the same on-rate and off-rate.



