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the method further comprises administering a second cancer treatment (e.g.,
surgery, chemotherapy, radiation therapy, biologic therapy, immunomodulatory

therapy, and combinations thereof).

comprises, oNs present within, residues 103-111 (NLTLLDSGL (SEQ ID NO62))
and 136-146 (VRTGKDAPSNC (SEQ ID NO:63)) of human VISTA (SEQ ID
NO:46). In anotheNembodiment, the conformational epitope comprises, or is
present within, residueg 24-36 (LLGPVDKGHDVTF (SEQ ID NO:64)), 54-65
(RRPIRDLTFQDL (SEQND NO:65) and 100-102 (TMR) of human VISTA (SEQ
ID NO:46). In yet another elxbodiment, the conformational epitope comprises amino
acid residues in the FG loop of Ruman VISTA (SEQ ID NO:46).

[0022]  In addition, the inventidy relates to a method of enhancing an immune
response in an individual in need therRof, comprising administering to the individual
a therapeutically effective amount of an \atibody that binds V-domain Ig Suppressor
of T cell Activation (VISTA), or an antibo

antigen binding region that binds to VISTA, tireby enhancing an immune response

fragment thereof, comprising an
to the cancer. In a particular embodiment, the im}une response is an antitumor
immune response.
[0023]  Inanother embodiment, the invention pfovi s a method of eliciting a
biological response in an individual in need thereof, compNging administering to the
individual a therapeutically effective amount of an antibody that binds V-domain Ig
Suppressor of T cell Activation (VISTA), or an antibody fragmel thereof,
comprising an antigen binding region that binds to VISTA, thereby Xnhancing an
immune response to the cancer. Examples of biological responses incNde activation
of monocytes; induction of T-cell proliferatioh and cytokine secretion; anNbody-
dependent cell-mediated cytotoxicity (ADCC) of cells expressing VISTA; arX

antibody-dependent cellular phagocytosis (ADCP) of cells expressing VISTA.
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(SEQ ID NO:75), and s4RRPIRDLTFQDLss (SEQ ID NO:65) (Figure 28 bottom).
There are two _other segments showing weak perturbation by VSTB95 and 112,
including residues 39-52 and 118-134. However, the levels of the reduction are not

strong as the previous regions (27-36 and 54-65) in the differential map. Although

provide the Peptide level epitopes for anti-VISTA antibodies. There were no
overlapping epNope regions for these two epitope groups. These results are in
agreement with th&previous competition binning data in that they do not compete

with each other.

[00287] EXAMPLE 14: \IRUCTURE DETERMINATION OF THE HUMAN
VISTA ECD:VSTB112 FAB GOMPLEX BY PROTEIN CRYSTALLOGRAPHY
[00288] In an effort to determing the VISTA structure and to delineate the epitope
and paratope defining the interaction\yetween VISTA extracellular domain (ECD)
and the Fab fragment of lead antibody WSTB112, the complex was crystallized and
structure determined to 1.85 A resolution. \Che structure of the ECD of human
VISTA in complex with the Fab fragment of tR¢ antibody VSTB112 was determined
in an effort both to determine the structure of VINA ECD itself and to define the
epitope/paratope for this interaction. The structure Xyeals VISTA to adopt an IgV
fold with a chain topology similar to the TCR Vo chain\ In addition to the canonical
disulfide bond bridging B and F strands in the back and frdt faces of the B-

sandwich, the structure reveals the ECD to have two additiony] disulfide bonds, one

and FG lbops together with residues of the front beta sheet (C’CFG) nearest Yaose

loops. The paratope is biased largely toward heavy chain interactions with CDR L3

making minimal contact.
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CLAIMS

What is claimed:

An isolated antibody or antibody fragment thereof comprising an antigen
binding region that binds to a V-domain Ig Suppressor of T cell Activation
ISTA), wherein binding of the antibody or antibody fragment to VISTA

modylates or enhances an immune response.

The anti\ody or antibody fragment of claim 1, wherein the antibody

fragment is\g Fab, F(ab");, or scFv antibody fragment, r

The antibody orgutibody fragment of claim 1 which comprises an antibody

constant region.

The antibody or antibody fragment of claim 1, wherein VISTA is expressed

on a hematopoietic cell.

The antibody or antibody fragmnt of claim 1, wherein the hematopoietic

cell is a myeloid lineage cell and/o\a lymphocyte.

The antibody or antibody fragment of claim 1, wherein the hematopoietic

cell is a monocyte or a neutrophil.

The antibody or antibody fragment of claim 1, Wherein the hematopoietic

cellisa T cell.

e hematopoietic

(NKT) cell.

The antibody or antibody fragment of claim 1, wherei

cell is a B cell, a natural killer (NK) cell or a natural kille:

The antibody or antibody fragment of claim 1, wherein VISTANs expressed

on a tumor cell.

The antibody or antibody fragment of claim 1 wherein VISTA is expregsed

in a fumor microenvironment (TME).
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- one heavy chain comprises the heavy chain
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The antibody or antibody fragment of any one of claims 1-10, further
comprising one or more heavy chain complementary determining regions
(CDRs) and one or more light chain CDRs; wherein the one or more heavy
chain CDRs comprises an amino acid sequence selected from SEQ ID
NOs:1-3, 7-9, 13-15, 19-21, 25-27, 31-33 and the one or more light chain
DRs comprises an amino acid sequence selected from SEQ ID NOs:4-6,
12, 16-18, 22-24, 28-30, 34-36).

The anbody or antibody fragment of any one of claims 1-10, further

comprisinat least one heavy chain and at least one light chain.

An antibody ot\ntibody fragment according to claim 12, wherein at least

one light chain comprises REQ ID NO:4-6.

An antibody or antibody fragmdut according to claim 12, wherein at least
one heavy chain comprises SEQ IR NO:1-3 and wherein at least one light
chain comprises SEQ ID NO:4-6. '

An antibody or antibody fragment accordiRg to claim 12, wherein at least
iable region sequence as

shown in SEQ ID NO:37-40.

An antibody or antibody fragment according to claimNl 2, wherein at least -,
one light chain comprises the light chain variable region\gequence as shown

in SEQ ID NO:41-45.

An antibody or antibody fragment according to claim 12, wherel at léast
one heavy chain comprises the heavy chain variable region sequency, as
shown in SEQ ID NO:37-40, and wherein at least one light chain comNises

the light chain variable region sequence as shown in SEQ ID NO: 41-45.
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The antibody or antibody fragment of any one of claims 1-18, wherein the

antibody is a monoclonal antibody.

The antibody or antibody fragment of any one of claims 1-18, wherein the

antibody is a humanized antibody.

he antibody or antibody fragment of any one of claims 1-18, wherein the

anybody comprises a human constant region.

An antiyody or antibody fragment according to any one of claims 1-18,
wherein ti¢ antibody molecule is specific for an epitope within the amino

acid sequench SEQ ID NO: 46.

The antibody or ah{ibody fragment of any one of claims 1-18, wherein the

antibodf,' binds to an Rpitope of VISTA with an affinity of at least 1x107

litex/mole.

The antibody or antibody frajment of any one of claims 1-18, wherein the
antibody binds to an epitope of NISTA with an affinity of at least 1x10°

liter/mole.

The antibody or antibody fragment of aky one of claims 1-18, wherein the
antibody binds to an epitope of VISTA wi an affinity of at least 1x107

liter/mole.

The antibody or antibody fragment of any one of SSaims 1-18, wherein the
modulation of the immune response comprises an inckase in CD45+
leukacytes, CD4+ T cells, or CD&+ T cells, or 2 combindtion thereof, or a

decrease in VISTA-expressing immune cells.

The antibody or antibody fragment of any one of claims 1-18, whgrein the
modulation of the immune response comprises enhanced productiod\of

cytokines, enhanced T-cell response, and/or modulates Foxp3 expressign.

A composition comprising the antibody or antibody fragment of any one o

claims 1-27 and a pharmaceutically acceptable carrier, diluent, or excipient.
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A composition comprising:
a VISTA antagonist comprising an antibody or antibody fragment thereof
comprising an antigen binding region that binds to a V-domain Ig
Suppressor of T cell Activation (VISTA); and

a vaccine.

Agharmaceutical composition comprising:
anantibody or antibody fragment thereof comprising an antigen binding
ion that binds to a V-domain Ig Suppressor of T cell Activation
(VIXRTA); and
a vaccine,
wherein bindNg of the antibody or antibody fragment to VISTA

modulates oNgnhances an immune response.

A method for treating calger in an individual in need thereof, said method
comprising administering to\the subject an effective amount of the antibody

or antibody fragment of any o, of claims 1-27.

A method of treating a cancer in an individual\in need thereof comprising:

- administering to the individual a therapeuticaNy effective amount ofa V-
domain Ig Suppressor of T cell Activation (WSTA) antagonist
coinprising an antibody or antibody fragment thkreof comprising an
antigen binding region that binds to VISTA; wherd the antibody or
antibody fragment binds to VISTA, thereby modulatidg or enhancing

an immune response to the cancer.

The method of any one of Claims 31-32, wherein the individual is a

mammal,

The method of any one of Claims 31-32, wherein the individual is a human.
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A method of treating a cancer in an individual in need thereof comprising
administering to the individual a therapeutically effective amount of a V-
domain Ig Suppressor of T cell Activation (VISTA) antagonist comprising
an antibody or antibody fragment thereof comprising an antigen binding
region that binds to VISTA; wherein the antibody or antibody fragment

inds to VISTA, thereby modulating or enhancing an immune response to

~ The method of Waim 37, wherein the leukemia is a lymphocytic leukemia or

a myelogenous leukemia.

The method of claim 3% wherein the leukemia is acute lymphoblastic
leukemia (ALL), chronic

(myelogenous) leukemia (

phocytic leukemia (CLL), acute myeloid
), chronic myelogenous leukemia (CMLY);
hairy cell leukemia, T-cell prolylyphocytic leukemia, large granular

lymphocytic leukemia, or adult T-cAI leukemia.

The method of claim 36, wherein the cad¢er is an acute myeloid

(myelogenous) leukemia (AML).

The method of claim 36, wherein the cancer is a\ghronic myelogenous
leukemia (CML).

The method of claim 36, wherein the cancer is a solid

The method of claim 36, wherein the solid tumor is surroundkd by a tumor
stroma comprising myeloid cells, T-cells, or a combination of myeloid cells
and T-cells. '

The method of claim 42 or 43, wherein the solid tumor is infiltrated wit

myeloid cells, T cells or a combination of myeloid cells and T-cells.

The method of claim 35, further comprising administering a vaccine.
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46. A method for suppressing tumor growth in an individual in need thereof, said
method comprising administering an effective - antibody or antibody

fragment of claims 1-27 fo a subject in need thereof.

The method of any one of claims 31-46, wherein the composition, antibody
or fragment is administered parenterally or nonparenterally, for example, -

avenously, subcutaneously or oraily.

48. The

administdged composition, antibody or fragment is 0.1-15 mg/kg per’

thod of any one of claims 31-46, wherein the dosage of the

administratt

49,  ~The method of

or fragment is admiNjstered weekly, once every two weeks, once every three

one of claims 31-46, wherein the composition, antibody

weeks, once every motXh, once every 2 months, or once every 3 months.

50.  Anantibody or fragment thexeof that binds VISTA and which comprises an
a VH CDRI1 having an amino acid
to SEQ ID NO:1, a VH CDR2 having

an amino acid sequence that is substagtially similar to SEQ ID NO:2 and a

antibody VH domain comprisi

sequence that is substantially simi

"VH CDR3 having an amino acid sequense that is substantially similar to
SEQ ID NO:3, and which further comprise\an antibody VL domain

comprising a VL CDR1 having an amino acid\§equence that is substantially
similar to SEQ ID NO:4, a VL CDR2 having an :
substantially similar to SEQ ID NO:5 and a VL. CDR3 having an amino acid

sequence that is identical to SEQ ID NO:6.

ino acid sequence that is

51.  Anantibody or fragment thereof of claim 12, wherein the vaxjable light chain

VL domain comprises a human framework region.

52.  Anantibody or fragment thereof of claim 1, which comprises a who

antibody.

53.  Anisolated nucleic acid which comprises a nucleotide sequence encoding

the antibody of claim 1.
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An expression vector comprising the nucleic acid of claim 51 operably

linked to a promoter.
A host cell transformed with the expression vector of claim 52.

A method of producing antibody or frégment thereof of claim 1, the method
ogmprising culturing host cells according to claim 53 under conditions for

prodyction of said antibody or fragment.
The methQd according to claim 54 further comprising isolating said antibody.

An article of anufacture comprising the composition of claim 30 and a
container, and fi¢her comprising a package insert or label indicating that the

composition can beNsed to treat cancer.

An antibody or antibod
from the group consisting 0% VSTB112 (S2), VSTB116 (S5), VSTB95
. (S43) and VSTB60 (847).

gment thereof, wherein the antibody is selected

The antibody or antibody fragment\Rf any one of claims 1-10, further

comprising one or more heavy chain cymplementary determining regions

(S5), VSTBY5 (S16), VSTB50 (S41), VSTB53 (843) and VIXB60 (S47).

An antibody or antibody fragment according to claim 12, wherein'yt least
one heavy chain comprises all three heavy-chain CDRs of an antibo
selected from the group consisting of: VSTB112 (S2), VSTB116 (S5),
VSTB9I5 (S16), VSTB50 (S41), VSTBS3 (S43) and VSTB60 (S47).
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An antibody or antibody fragment according to claim 12, wherein at least
one light chain comprises all three light chain CDRs of an antibody selected
from the group consisting of: VSTB112 (S2), VSTB116 (S5), VSTB9S
(816), VSTBS50 (841), VSTBS53 (S43) and VSTB60 (S47).

1 antibody or antibociy fragment according to claim 12, wherein at least
heavy chain comprises all three heavy chain CDRs of an antibody
selecikd from the group consisting of: VSTB112 (S2), VSTB116 (S5),
VSTBINS16), VSTBS50 (S41), VSTBS53 (S43) and VSTB60 (S47), and
wherein at Rast one light chain comprises all three light chain CDRs of an
antibody seleckd from the group consisting of: VSTB112 (S2), VSTB116
(S5), VSTBIS5 (S\g), VSTB50 (S41), VSTB53 (S43) and VSTB60 (S47).

An antibody or antibo®y fragment according to claim 12, wherein at least
the heavy chain variable region sequence of an
antibody selected from the gkoup consisting of: VSTB112 (S2), VSTB116

(S5), VSTB95 (S16), VSTBS0XS41), VSTBS3 (S43) and VSTB60 (S47).

one heavy chain compris

An antibody or antibody fragment ad¢ording to claim 12, wherein af least
one light chain comprises the light chaiy variable region sequence of an
of: VSTB112 (82), VSTB116
(S43) and VSTB60 (S47).

antibody selected from the group consisti
(85), VSTBYS (S16), VSTB50 (S41), VSTB

An antibody or antibody fragment according to cI&m 12, wherein at least
ion sequence of an
antibody selected from the group consisting of: VSTBIN2 (82), VSTB116
(85), VSTBOS (S16), VSTBS50 (S41), VSTBS3 (S43) and WSTB60 (847),

and wherein at least one light chain comprises the light chain Wriable region

one heavy chain comprises the heavy chain variable

sequence of an antibody selected from the group consisting of:
(82), VSTB116 (S5), VSTBI5 (S16), VSTBS50 (S41), VSTBS3 (S4
VSTB60 (S47). ‘

A method of treating a cancer in an individual in need thereof comprising;
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administering to the individual a therapeutically effective amount of a V-
domain Ig Suppressor of T cell Activation (VISTA) antagonist
comprising an antibody or antibody fragment thereof comprising an

. antigen binding region that binds to VISTA; wherein the antibody or
antibody fragment binds to VISTA, thereby modulating or enhancing
an immune response to the cancer; and

dministering a second cancer treatment.

The metod of claim 68, wherein the second cancer treatment is surgery,
y, radiation therapy, biologic therapy, targeted therapy, or

tory therapy, or 2 combination thereof.

The composition o claim 29, pharmaceutical composition of claim 30, or
method of claim 45, Wwherein the vaccine is a viral vector vaccine, bacterial

vaccine, DNA vaccine, RNA vaccine, peptide vaccine, or protein vaccine.

The method of claim 36, whe¥gin the cancer is a lung cancer.

The method of claim 69, wherein e lung cancer is a non-small cell lung
carcinoma (NSCLC).

An isolated antibody or antibody fragmenthereof comprising an antigen
binding region that binds to a V-domain Ig S\ppressor of T cell Activation
(VISTA), wherein the antibody comprises an aiXjbody VH domain
comprising a VH CDR1 having the amino acid seqyence of SEQ ID NO:25,
a VH CDR2 having the amino acid sequence of SEQ YD NO:26 and a VH
CDR3 having the amino acid sequence of SEQ ID NQO:2¥}, and which further
comprises an antibody VL domain comprising 2 VL. CDR1
acid sequence of SEQ ID NO:28, a VL. CDR2 having the amindacid
sequence of SEQ ID NO:29 and a2 VL CDR3 having the amino acN sequence

of SEQ ID NO:30.

The antibody or antibody fragment of claim 73, comprising one or more

humanized or human framework regions.
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The antibody or antibody fragment of claim 74, wherein the antibody VH
domain comprises SEQ ID NO:37. '

The antibody of claim 74 or 75, wherein the antibody VL domain comprises
SEQ ID NO:44,

e antibody or antibody fragment of any one of claims 73-76, wherein the

antigody comprises a heavy chain constant region.

The antihgdy or antibody fragment of claim 77, wherein the heavy chain

constant region is a human heavy chain constant region.

The antibody or'gntibody fragment of claim 77 or 78, wherein the heavy

chain constant regioq is an IgG1 heavy chain constant region.

The antibody or antibod¥ fragment of claim 79, wherein the IgG1 heavy
chain constant region compxises the amino acid sequence of the IgG1 heavy

chain constant region present ¥ SEQ ID NO:61.

The antibody or antibody fragmendof claim 79, wherein the IgG1 heavy
chain constant region has been modifXd to enhance protease resistance of the

antibody.

The antibody or antibody fragment of claim 8, wherein the IgG1 heavy

chain constant region that has been modified to &ghance protease resistance

- of the antibody comprises the amino acid sequencef the IgG1 heavy chain

constant region present in SEQ ID NO:60.

The antibody or antibody fragment of any one of claims 77282, wherein the

antibody comprises a light chain constant region.

The antibody or antibody fragment of claim 83, wherein the light ckain

constant region is a human light chain constant region.
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85.  The antibody or antibody fragment of claim 84, wherein the human light
chain constant region comprises the amino acid sequence of the light chain

constant region present in SEQ ID NO:56.

The antibody or antibody fragment of any one of claims 73-85, wherein the
antibody comprises a heavy chain comprising SEQ ID NO:60 and a light

87.  The atNjbody or antibody fragment of any one of claims 73-85, wherein the
antibody dpmprises a heavy chain comprising SEQ ID NO:61 and a light
chain compr¥ing SEQ ID NO:56.

88.  The antibody or aytibody fragment of any one of claims 73-87, wherein the
antibody or antibod)\fragment is expressed in a cell that is deficient in

fucosylation enzymes.

89. | The antibody or antibody fragment of ¢laim 88, wherein the cell is a Chinese
hamster ovary (CHO) cell.

90. A composition comprising the antibydy or antibody fragment of any one of

claims 73-89 and a pharmaceutically ad¢eptable carrier, diluent, or excipient.

.91. A method for treating cancer in an individu® in need thereof, said method
comprising administering to the subject an effégtive amount of the antibody
or antibody fragment of any one of claims 73-89, §r the composition of claim
%. . ,

92." The method of claim 91, wherein the cancer is a lung cander.

93.  The method of claim 91 or 92, further comprising administering a second

cancer treatment.

94.  The method of claim 93, wherein the second cancer treatment is surgely,
chemotherapy, radiation therapy, biologic therapy, targeted therapy, or

immunomodulatory therapy, or a combination thereof.
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A method for treating a non-small cell lung carcinoma (NS CLC) in an
individual in need thereof, said method comprising administering to the
subject an effective amount of the antibody or antibody fragment of any one

of claims 73-89, or the composition of claim 90.

The antibody or antibody fragment of claim 22, wherein the epitope is a

chypformational epitope.

(SEQ ID NO62)) and 136-146 (VQTGKDAPSNC (SEQ ID NO:63)) of
human VISTAXSEQ ID NO:46).

The antibody or antigody fragment of claim 96, wherein the conformational
epitope comprises or is\gresent within residues 24-36 (LLGPVDKGHDVTF
(SEQ ID NO:64)), and 5SMAG5 (RRPIRDLTFQDL (SEQ ID NO:65) of
human VISTA (SEQ ID NO:A).

The antibody or antibody fragment of claim 96, wherein the conformational
in the FG loop of human VISTA
(SEQ ID NO:46). '

A method of enhancing an immune responseNp an individual in need thereof,
comprising administering to the individual a the¥apeutically effective amount
of an antibody that binds V-domain Ig Suppressor & T cell Activation
(VISTA), or an antibody f;agment thereof, comprising\an antigen binding
region that binds to VISTA, thereby enhancing an immunk response to the

cancer.

The method of Claim 100, wherein the immune response is an an§tumor

immune response.

A method of eliciting a biological response in an individual in need thereo

comprising administering to the individual a therapeutically effective amount
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of an antibody that binds V-domain Ig Suppressor of T cell Activation
(VISTA), or an antibody fragment thereof, comprising an antigen binding
region that binds to VISTA, thereby enhancing an immune response to the
cancer, wherein the biological response is selected from the group consisting
of:

activation of monocytes;

»

. induction of T-cell proliferation and cytokine secrétion;
c\ increased survival of monocytes;
d. Yduction of antibody-dependent cell-mediated cytotoxicity (ADCC)
in oglls-expressing VISTA; and
e. inductign of antibody-dependent cellular phagocytosis (ADC_P) in
cells-expigssing VISTA.
103.  Anisolated antibod)\or antibody fragment thereof that competitively inhibits
binding of the antibodN\or antibody fragment of Claim 1 to human VISTA
(SEQ ID NO:46).
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the method further comprises administering a second cancer treatment (e.g.,

surgery, chemotherapy, radiation therapy, biologic therapy, immunomodulatory
therapy, and combinations thereof).

[0021] The invention also provides an antibody or antibody fragment thereof
comprising an antigen binding region that binds to a V-domain Ig Suppressor of T
cell Activation (VISTA), wherein the antibody binds to a conformational epitope in
VISTA (e.g., human VISTA). In some embodiments, the conformational epitope
comprises, or is present within, residues 103-111 (NLTLLDSGL (SEQ ID N062))

and 136-146 (VQTGKDAPSNC (SEQ ID NO:63)) of human VISTA (SEQ ID
NO:46). In another embodiment, the conformational epitope comprises, or is
present within, residues 24-36 (LLGPVDKGHDVTF (SEQ ID NO:64)), 54-65
(RRPIRNLTFQDL (SEQ ID NO:65) and 100-102 (TMR) of human VISTA (SEQ

ID NO:46). In yet another embodiment, the conformational epitope comprises amino

acid residues in the FG loop of human VISTA (SEQ ID NO:46).

[0022]  In addition, the invention relates to a method of enhancing an immune
response in an individual in need thereof, comprising administering to the individual
a therapeutically effective amount of an antibody that binds V-domain Ig Suppressor
of T cell Activation (VISTA), or an antibody fragment thereof, comprising an
antigen binding region that binds to VISTA, thereby enhancing an immune response
to the cancer. In a particular embodiment, the immune response is an antitumor
immune response.

[0023]  In another embodiment, the invention pfovides a method of eliciting a
biological response in an individual in need thereof, comprising administering to the
individual a therapeutically effective amount of an antibody that binds V-domain Ig
Suppressor of T cell Activation (VISTA), or an antibody fragment thereof,
comprising an antigen binding region that binds to VISTA, thereby enhancing an
immune response to the cancer. Examples of biological responses include activation
of monocytes; induction of T-cell proliferatioh and cytokine secretion; antibody-
dependent cell-mediated cytotoxicity (ADCC) of cells expressing VISTA; and
antibody-dependent cellular phagocytosis (ADCP) of celié expressing VISTA.
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(SEQ ID NO:75), and ssRRPIRNLTFQDLss (SEQ ID NO:65) (Figure 28 bottom).
There are two other segments showing weak perturbation by VSTB9S5 and 112,
including residues 39-52 and 118-134. However, the levels of the reduction are not
as strong as the previous regions (27-36 and 54-65) in the differential map. Although
one peptide, 100TMR ¢, showing strong perturbation by VSTB95 and 112, is located
on the other face of VISTA surface, it is distant from the epitope regions, 27-36 and
54-65. This perturbation could be due to allosteric effect. These HDX-MS results
provide the peptide level epitopes for anti-VISTA antibodies. There were no
overlapping epitope regions for these two epitope groups. These results are in
agreement with the previous competition binning data in that they do not compete

with each other.

[00287] EXAMPLE 14: STRUCTURE DETERMINATION OF THE HUMAN
VISTA ECD:VSTB112 FAB COMPLEX BY PROTEIN CRYSTALLOGRAPHY
[00288] In an effort to determine the VISTA structure and to delineate the epitope
and paratope defining the interaction between VISTA extracellular domain (ECD)
and the Fab fragment of lead antibody VSTB112, the complex was crystallized and
structure determined to 1.85 A resolution, The structure of the ECD of human
VISTA in complex with the Fab fragment of the antibody VSTB112 was determined
in an effort both to determine the structure of VISTA ECD itself and to define the
epitope/paratope for this interaction. The structure reveals VISTA to adopt an IgV
fold with a chain topology similar to the TCR Vo chain. In addition to the canonical
disulfide bond bridging B and F strands in the back and front faces of the f-
sandwich, the structure reveals the ECD to have two additional disulfide bonds, one
tethering the CC’ loop to the front sheet and a second between the A’ and G

strands. Although crystal contacts between VISTA molecules are present, they are
minor and there is no evidence for a dimer of VISTA ECDs based on this structure.
The VSTB112 epitope is shown to comprise the portions of the VISTA BC, CC’,
and FG loops together with residues of the front beta sheet (C’CFG) nearest those
loops. The paratope is biased largely toward heavy chain interactions with COR L3

making minimal contact.
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CLAIMS

What is claimed:

10.

An isolated antibody or antibody fragment thereof comprising an antigen
binding region that binds to a V-domain Ig Suppressor of T cell Activation
(VISTA), wherein binding of the antibody or antibody fragment to VISTA

modulates or enhances an immune response.

The antibody or antibody fragment of claim 1, wherein the antibody

fragment is a Fab, F(ab'),, or scFv antibody fragment.

The antibody or antibody fragment of claim 1 which comprises an antibody

constant region.

The antibody or antibody fragment of claim 1, wherein VISTA is expressed

on a hematopoietic cell.

The antibody or antibody fragment of claim 1, wherein the hematopoietic

cell is a myeloid lineage cell and/or a lymphocyte.

The antibody or antibody fragment of claim 1, wherein the hematopoietic
cell is a monocyte or a neutrophil.
The antibody or antibody fragment of claim 1, wherein the hematopoietic

cellisa T cell.

The antibody or antibody fragment of claim 1, wherein the hematopoietic
cell is a B cell, a natural killer (NK) cell or a natural killer T (NKT) cell.

The antibody or antibody fragment of claim 1, wherein VISTA is expressed

on a tumor cell.

The antibody or antibody fragment of claim 1 wherein VISTA is expressed

in a tumor microenvironment (TME).
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The antibody or antibody fragment of any one of claims 1-10, further
comprising one or more heavy chain complementary determining regions
(CDRs) and one or more light chain CDRs; wherein the one or more heavy
chain CDRs comprises an amino acid sequence selected from SEQ ID
NOs:1-3, 749, 13-15, 1'9~21, 25-27, 31-33 and the one or more light chain
CDRs comprises an amino acid sequence selected from SEQ ID NOs:4-6,
10-12, 16-18, 22-24, 28-30, 34-36).

The antibody or antibody fragment of any one of claims 1-10, further

comptising at least one heavy chain and at least one light chain.

An antibody or antibody fragment according to claim 12, wherein at Jeast
one heavy chain comprises SEQ ID NO:1-3.

An antibody or antibody fragment according to claim 12, wherein at least
one light chain comprises SEQ ID NO:4-6.

An antibody or antibody fragment according to claim 12, wherein at least
one heavy chain comprises SEQ ID NO:1-3 and wherein at least one light
chain comprises SEQ ID NO:4-6. |

An antibody or antibody fragment according to claim 12, wherein at least

- one heavy chain comprises the heavy chain variable region sequence as

shown in SEQ ID NO:37-40.

An antibody or antibody fragment according to claim 12, wherein at least -,
one light chain comprises the light chain variable region sequence as shown
in SEQ ID NO:41-45.

An antibody or antibody fragment according to claim 12, wherein at least
one heavy chain comprises the heavy chain variable region sequence as
shown in SEQ ID NO:37-40, and wherein at least one light chain comprises

the light chain variable region sequence as shown in SEQ ID I\}O: 41-45.
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The antibody or antibody fragment of any one of claims 1-18, wherein the

antibody is a monoclonal antibody.

The antibody or antibody fragment of any one of claims 1-18, wherein the

antibody is a humanized antibody.

The antibody or antibody fragment of any one of claims 1-18, wherein the

antibody comprises a human constant region.

An antibody or antibody fragment according to any one of claims 1-18,
wherein the antibody molecule is specific for an epitope within the amino
acid sequence SEQ ID NO: 46.

The antibody or antibody fragment of any one of claims 1-18, wherein the
antibody binds to an epitope of VISTA with an affinity of at least 1x10?

liter/mole.

The antibody or antibody fragment of any one of claims 1-18, wherein the
antibody binds to an epitope of VISTA with an affinity of at least 1x10®

liter/mole.

The antibody or antibody fragment of any one of claims 1-18, wherein the
antibody binds to an epitope of VISTA with an affinity of at least 1x10°7
liter/mole.

The antibody or antibody fragment of any one of claims 1-18, wherein the
modulation of the immune response comprises an increase in CD45+
leukocytes, CD4+ T cells, or CD8+ T cells, or a combination thereof, or a

decrease in VISTA-expressing immune cells.

The antibody or antibody fragment of any one of claims 1-18, wherein the
modulation of the immune response comprises enhanced production of

cytokines, enhanced T-cell response, and/or modulates Foxp3 expression.

A composition comprising the antibody or antibody fragment of any one of

claims 1-27 and a pharmaceutically acceptable carrier, diluent, or excipient.
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29. A composition comprising:
a VISTA antagonist comprising an antibody or antibody fragment thereof
comprising an antigen binding region that binds to a V-domain Ig
Suppressor of T cell Activation (VISTA); and

a vaccine.

30. A pharmaceutical composition comprising:
an antibody or antibody fragment thereof comprising an antigen binding
region that binds to a V-domain Ig Suppressor of T cell Activation
(VISTA); and
a vaccine,
wherein binding of the antibody or antibody fragment to VISTA

modulates or enhances an immune response.

31. A method for treating cancer in an individual in need thereof, said method
comprising administering to the subject an effective amount of the antibody

or antibody fragment of any one of claims 1-27.

32. A method for treating or preventing cancer in an individual in need thereof,
said method comprising administering to the individual an effective amount
of the composition of any one of claims 28-30., |

33. A method of treating a cancer in an individual in need thereof comprising:

. administering to the individual a therapeutically effective amount of a V-
domain Ig Suppressor of T cell Activation (VISTA) antagonist
coinprising an antibody or antibody fragment thereof comprising an
antigen binding region that binds to VISTA; wherein the antibody or
antibody fragment binds to VISTA, thereby modulating or enhancing

an immune response to the cancer.

34.  The method of any one of Claims 31-32, wherein the individual is a

mammal.

35.  The method of any one of Claims 31-32, wherein the individual is a human.
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A method of treating a cancer in an individual in need thereof comprising
administering to the individual a therapeutically effective amount of a V-
domain Ig Suppressor of T cell Activation (VISTA) antagonist comprising
an antibody or antibody fragment thereof comprising an antigen binding
region that binds to VISTA; wherein the antibody or antibody fragment
binds to VISTA, thereby modulating or enhancing an immune response to

the cancer.

The method of claim 36, wherein the cancer is a leukemia, lymphoma,

myelodisplastic syndrome or myeloma, or a combination thereof.

~ The method of claim 37, wherein the leukemia is a fymphocytic leukemia or

a myelogenous leukemia.

The method of claim 37, wherein the leukemia is acute lymphoblastic
leukemia (ALL), chronic lymphocytic leukemia (CLL), acute myeloid
(myelogenous) leukemia (AML), chronic myelogenous leukemia (CML);
hairy cell leukemia, T-cell prolymphocytic leukemia, large granular

Iymphocytic leukemia, or adult T-cell leukemia.

The method of claim 36, wherein the cancer is an acute myeloid
(myelogenous) lenkemia (AML).

The method of claim 36, wherein the cancer is a chronic myelogenous
leukemia (CML).

The method of claim 36, wherein the cancer is a solid tumor.

The method of claim 36, wherein the solid tumor is surrounded by a tumor
stfoma comprising myeloid cells, T-cells, or a combination of myeloid cells
and T-cells. '

The method of claim 42 or 43, wherein the solid tumor is infiltrated with

myeloid cells, T cells or a combination of myeloid cells and T-cells.

The method of claim 35, further comprising administering a vaccine.
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A method for suppressing tumor growth in an individual in need thereof, said
method comprising administering an effective - antibody or antibody

fragment of claims 1-27 fo a subject in need thereof.

The method of any one of claims 31-46, wherein the composition, antibody
or fragment is administered parenterally or nonparenterally, for example,

intravenously, subcutaneously or orally.

The method of any one of claims 31-46, wherein the dosage of the
administered composition, antibody or fragment is 0.1-15 mg/kg per

administration.

“The method of any one of claims 31-46, wherein the composition, antibody

or fragment is administered weekly, once every two weeks, once every three
weeks, once every month, once every 2 months, or once every 3 months.

An antibody or fragment thereof that binds VISTA and which comprises an
antibody VH domain comprising a VH CDR1 having an amino acid
sequence that is substantially similar to SEQ ID NO:1, a VH CDR2 having

an amino acid sequence that is substantially similar to SEQ ID NO:2 and a

"VH CDR3 having an amino acid sequence that is substantially similar to

SEQ ID NO:3, and which further comprises an antibody VL domain
comprising a VL CDRI having an amino acid sequence that is substantially
similar to SEQ ID NO:4, a VL CDR2 having an amino acid séquence that is
substantially similar to SEQ ID NO:5 and a VL. CDR3 having an amino acid
sequence that is identical to SEQ ID NQ:6.

An antibody or fragment thereof of claim 12, wherein the variable light chain

VL domain comprises a human framework region.

An antibody or fragment thereof of claim 1, which comprises a whole

antibody.

An isolated nucleic acid which comprises a nucleotide sequence encoding

the antibody of claim 1.
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An expression vector comprising the nucleic acid of claim 51 operably

linked to a promoter.
A host cell transformed with the expression vector of claim 52.

A method of producing antibody or frégment thereof of claim 1, the method
comprising culturing host cells according to claim 53 under conditions for

production of said antibody or fragment.
The method according to claim 54 further comprising isolating said antibody.

An article of manufacture comprising the composition of claim 30 and a
container, and further comprising a package insert or label indicating that the

composition can be used to treat cancer.

An antibody or antibody fragment thereof, wherein the antibody is selected
from the group consisting of: VSTBI112 (82), VSTB116 (85), VSTB95

(S16), VSTBS0 (S41), VSTBS53 (S43) and VSTB60 (S47).

The antibody or antibody fragment of any one of claims 1-10, further

comprising one or more heavy chain complementary determining regions

'(CDRs) and one or more light chain CDRs of an antibody selected from the

group consisting of: VSTB112 (S2), VSTB116 (S5), VSTB9YS (S16),
VSTBS0 (§41), VSTBS3 (S43) and VSTB60 (S47).
The antibody or antibody fragment of any one of claims -1 0; further
comprising at least one heavy chain and at least one light chain of an
antibody selected from the group consisting of: VSTB112 (82), VSTB116
(85), VSTBYS5 (S16), VSTB50 (S41), VSTBS53 (S43) and VSTBGO (547).

An antibody or antibody fragment according to claim 12, wherein at least
one heavy chain comprises all three heavy chain CDRs of an antibody
selected from the group consisting of: VSTB112 (S2), VSTB116 (S5),
VSTB95 (816), VSTB50 (841), VSTBS3 (S43) and VSTB60 (547).
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An antibody or antibody fragment according to claim 12, wherein at least
one light chain comprises all three light chain CDRs of an antibody selected
from the group consisting of: VSTB112 (S2), VSTB116 (85), VSTB95
(S16), VSTB50 (841), VSTBS53 (843) and VSTB60 (S47).

An antibody or antibody fragment according to claim 12, wherein at least
one heavy chain comprises all three heavy chain CDRs of an antibody
selected from the group consisting of: VSTB112 (S2), VSTB116 (85),
VSTB95 (S16), VSTBS50 (S41), VSTB53 (843) and VSTB60 (847), and
wherein at least one light chain comprises all three light chain CDRs of an
antibody selected from the group consisting of: VSTB112 (S2), VSTBI116
(S5), VSTB95 (S16), VSTBS0 (S41), VSTB53 (843) and VSTB60 (847).

An antibody or antibody fragment according to claim 12, wherein at least
one heavy chain comprises the heavy chain variable region sequence of an
antibody selected from the group consisting of: VSTB112 (82), VSTB116
(SS), VSTBIS (S16), VSTBS0 (S41), VSTBS3 (843) and VSTB60 (847).

An antibody or antibody fragment according to claim 12, wherein af least
one light chain comprises the light chain variable region sequence of an
antibody selected from the group consisting of: VSTB112 (S2), VSTBI116
(S5), VSTBIS (S816), VSTBS50 (S41), VSTBS3 (S43) and VSTB60 (S47).
An antibody or antibody fragment according to claim 12, wherein at least
one heavy chain comprises the heavy chain variable region sequence of an
antibody selected from the group consisting of: VSTB112 (S2), VSTB116
(85), VSTB9S (S16), VSTBS50 (S41), VSTBS3 (S43) and VSTB60 (§47),
and wherein at least one light chain comprises the light chain variable region
sequence of an antibociy selected from the group consisting of: VSTB112
(82), VSTB116 (S5), VSTB9S (S16), VSTBSO- (S41), VSTBS3 (S43) and
VSTB60 (847). '

A method of treating a cancer in an individual in need thereof comprising:
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administering to the individual a therapeutically effective amount of a V-
domain Ig Suppressor of T cell Activation (VISTA) antagonist
comprising an antibody or antibody fragment thereof comprising an

- antigen binding region that binds to VISTA; wherein the antibody or
antibody fragment binds to VISTA, thereby modulating or enhancing
an immune response to the cancer; and

administering a second cancer treatment.

The method of claim 68, wherein the second cancer treatment is surgery,
chemotherapy, radiation therapy, biologic therapy, targeted therapy, or

immunomodulatory therapy, or a combination thereof.

The composition of claim 29, pharmaceutical composition of claim 30, or
method of claim 43, wherein the vaccine is a viral vector vaccine, bacterial

vaccine, DNA vaccine, RNA vaccine, peptide vaccine, or protein vaccine.
The method of claim 36, wherein the cancer is a lung cancer.

The method of claim 69, wherein the lung cancer is a non-small cell lung
carcinoma (NSCLC).

An isolated antibody or antibody fragment thereof comprising an antigen
binding region that binds to a V-domain Ig Suppressor of T cell Activation
(VISTA), wherein the antibody comprises an antibody VH domain
comprising a VH CDR1 having the amino acid sequence of SEQ 1D NO:25,
a VH CDR2 having the amind acid sequence of SEQ ID NO:26 and a VH
CDR3 having the amino acid sequence of SEQ ID NO:27, and which further
comprises an anttbody VL domain comprising a VL. CDR1 having the amino
acid sequence of SEQ ID NO:28, a VL. CDR2 having the amino acid
sequence of SEQ ID NO:29 and a VL. CDR3 having the amino acid sequence
of SEQ ID NO:30.

The antibody or antibody fragment of claim 73, comprising one or more

humanized or human framework regions.
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The antibody or antibody fragment of claim 74, wherein the antibody VH
domain comprises SEQ ID NO:37. '

The antibody of claim 74 or 75, wherein the antibody VL. domain éomprises
SEQ ID NO:44.

The antibody or antibody fragment of any one of claims 73-76, wherein the

antibody comprises a heavy chain constant region.

The antibody or antibody fragment of claim 77, wherein the heavy chain

constant region is a human heavy chain constant region.

The antibody or antibody fragment of claim 77 or 78, wherein the heavy

chain constant region is an IgG1 heavy chain constant region.

The antibody or antibody fragment of claim 79, wherein the IgG1 heavy
chain constant region comprises the amino acid sequence of the IgG1 heavy

chain constant region present in SEQ ID NO:61.

The antibody or antibody fragment of claim 79, wherein the IgG1 heavy
chain constant region has been modified to enhance protease resistance of the

antibody.
The antibody or antibody fragment of claim 81, wherein the IgG1 heavy

chain constant region that has been modified to enhance protease resistance
of the antibody comprises the amino acid sequence of the IgG1 heavy chain

constant region present in SEQ ID NO:60.

The antibody or antibody fragment of any one of claims 77-82, wherein the

antibody comprises a light chain constant region.

The antibody or antibody fragment of claim 83, wherein the light chain

constant region is a human light chain constant region,
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The antibody or antibody fragment of claim 84, wherein the human light
chain constant region comprises the amino acid sequence of the light chain

constant region present in SEQ ID NO:56,

The antibody or antibody fragment of any one of claims 73-85, wherein the
antibody comprises a heavy chain comprising SEQ ID NO:60 and a light
chain comprising SEQ ID NO:56.

The antibody or antibody fragment of any one of claims 73-85, wherein the
antibody comprises a heavy chain comprising SEQ ID NO:61 and a light
chain comprising SEQ ID NO:56.

The antibody or antibody fragment of any one of claims 73-87, wherein the
antibody or antibody fragment is expressed in a cell that is deficient in

fucosylation enzymes.

The antibody or antibody fragment of ¢laim 88, wherein the cell is a Chinese
hamster ovary (CHO) cell.

A composition comprising the antibody or antibody fragment of any one of
claims 73-89 and a pharmaceutically acceptable carrier, diluent, or excipient.
A method for treating cancer in an individual in need thereof, said method
comprising administering to the subject an effective amount of the antibody
or antibody fragment of any one of claims 73-89, or the composition of ¢laim
90.

The method of claim 91, wherein the cancer is a lung cancer.

The method of claim 91 or 92, further comprising administering a second

cancer trcatment.

The method of claim 93, wherein the second cancer treatment is surgety,
chemotherapy, radiation therapy, biologic therapy, targeted therapy, or

immunomodulatory therapy, or a combination thereof.
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A method for treating a non-small cell lung carcinoma (N SCLC) in an
individual in need thereof, said method comprising administering to the
subject an effective amount of the antibody or antibody fragment of any one

of claims 73-89, or the composition of claim 9.

The antibody or antibody fragment of claim 22, wherein the epitope is a

conformational epitope.

The antibody or antibody fragment of claim 96, wherein the conformational
epitope comprises or is present within residues 103-111 NLTLLDSGL
(SEQ ID NO:62)) and 136-146 (VQTGKDAPSNC (SEQ ID NO:63)) of

‘human VISTA (SEQ ID NO:46). -

The antibody or antibody fragment of claim 96, wherein the conformational
epitope comprises or is present within residues 24-36 (LLGPVDKGHDVTF
(SEQ ID NO:64)), and 54-65 (RRPIRNLTFQDL (SEQ ID:65) of

human VISTA (SEQ ID NO:46).

The antibody or antibody fragment of claim 96, wherein the conformational

‘epitope comprises amino acid residues in the FG loop of human VISTA

(SEQ ID NO:46).

A method of enhancing an immune response in an individual in need thereof,
comprising administering to the individual a therapeutically effective amount
of an antibody that binds V-domain Ig Suppressor of T cell Activation
(VISTA), or an antibody ﬁ"agment thereof, comprising an antigen binding

region that binds to VISTA, thereby enhancing an immune response to the

cancer.
The method of Claim 100, wherein the immune response is an antitumor

immune tesponse.

A method of eliciting a biological response in an individual in need thereof,

comprising administering to the individual a therapeutically effective amount




of an antibody that binds V-domain Ig Suppressor of T cell Activation
(VISTA), or an antibody fragment thereof, comprising an antigen binding
region that binds to VISTA, thereby enhancing an immune response to the
cancer, wherein the biological response is selected from the group consisting
of: |
a. activation of monocytes;
b. induction of T-cell proliferation and cytokine secretion;
¢. increased survival of monocytes;
d. induction of antibody-dependent cell-mediated c.ytotoxicity (ADCC)
in cells-expressing VISTA; and
e. induction of antibody-dependent cellular phagocytosis (ADC_P} in
cells-expressing VISTA.
103. Anisolated antibody or antibody fragment thereof that competitively inhibits
binding of the antibody or antibody fragment of Claim 1 to human VISTA
(SEQ ID NO:46).

104. The method of claim 91, wherein the cancer is a bladder cancer.

105. The method of claim 91, wherein the cancer is a breast cancer.




