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771, filed Sep. 5, 2018, now U.S. Pat. No. 11,261,253, 1ssued
on Mar. 1, 2022, which i1s a continuation of U.S. patent
application Ser. No. 14/770,120, filed Aug. 25, 2015, now
U.S. Pat. No. 10,093,737, 1ssued on Oct. 9, 2018, which 1s
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tion No. PCT/US2014/015308, filed Feb. 7, 2014, which
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in the mvention.

SEQUENCE LISTING

[0003] This application contains an ST.26 compliant
Sequence Listing, which was submitted 1n xml format via
Patent Center and 1s hereby incorporated by reference 1n 1ts

entirety. The .xml copy, created on Sep. 7, 2022 1s named
1298077-8019.US04_Sequence Listing.xml and 1s 8 KB 1n
S1ZE.

BACKGROUND OF THE INVENTION

[0004] Throughout this application various publications
are referred to 1n parentheses. Full citations for these refer-
ences may be found at the end of the specification. The
disclosures of these publications, and all patents, patent
application publications and books referred to herein, are
hereby incorporated by reference in their entirety into the
subject application to more fully describe the art to which
the subject mnvention pertains.

[0005] Interactions between members of the B7 ligand and
CD28 receptor families generate positive costimulation and
negative comnhibition, which are of central importance in
regulating T cell responses (1-3). B7-1/B7-2/CD28/CTLA-4
1s the most extensively characterized of these pathways.
Ligands B7-1 (CD80) and B7-2 (CD86) on antigen-present-
ing cells (APCs) bind to CD28 on naive T cells, and provide

a major costimulatory signal to activate naive T cells. After

the 1nitial activation, comnhibitory molecule cytotoxic T
lymphocyte antigen-4 (CTLA-4, CD152) 1s induced on T
cells and engages the same B7-1 and B7-2 ligands 1n order
to restrain T cell function. In contrast to the costimulatory
activity of CD28, the interaction of B7-1 or B7-2 with
CTLA-4 15 essential for limiting the proliferative response of
recently activated T cells to antigen and CD28-mediated
costimulation.

[0006] During the past decade, several new pathways 1n
the B7 and CD28 families have been 1dentified, including
B7h/1COS, PD-L1/PD-L2/PD-1, B7-H3/receptor and B7x/
receptor. B7h (4) (also called ICOS-L, B7RP-1(3), GL30(6),
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B7H2(7), LCOS(8), and CD275) binds to the inducible
costimulator (ICOS, CD278) on activated T cells (9), which
induces strong phosphatidylinositol 3-kinase activity (10,
11) and leads to the expression of transcription factors
involved 1n follicular helper CD4 T (Tth) differentiation
(12). Therefore, the B7h/ICOS pathway provides critical T
cell help to B cells. Deficiencies i this pathway result 1n
substantially reduced numbers of memory B cells and mark-
edly reduced levels of serum Ig in patients with common

variable immunodeficiency (13). In humans, but not 1n mice,
B’7h can bind both CD28 and CTLA-4 (14). The B7 famaily

members PD-L1 (15) (also termed B7-H1(16), CD274) and
PD-L2 (17) (also called B7-DC(18), CD273) bind to the
programmed death 1 receptor (PD-1, CD279), which ulti-
mately decreases induction of cytokines and cell survival
proteins 1 T cells. The PD-L/PD-1 pathway plays an
important role 1n the control of tolerance and autoimmunity
(19), and contributes critically to T cell exhaustion and viral
persistence during chronic infections (20). In addition,

PD-L1 can also bind to B7-1(21).

[0007] B7-H3 (22)(CD276) and B7x (23) (also called
B’7-H4 (24) or B751 (25)) are recently discovered members
of the B7 family, and their contributions to immune response
have not yet been clearly defined. B7-H3 binds activated T
cells, but the physiological role of this pathway 1s unclear,
as both costimulatory and coinhibitory effects have been
observed (26). B7x binds activated T cells and inhibits T cell
functions. In addition, myeloid derived suppressor cells
(MDSCs) also express a receptor for B7x (27). Clinical data
also support a coinhibitory function for B7x, as aberrant
expression of this molecule 1s observed 1n many types of
human cancers and 1s often associated with enhanced dis-
case progression and poor clinical outcome (28). It appears
that the B7x pathway i1s exploited as part of the immune
evasion mechanisms used by many human cancers. Collec-
tively, the regulated spatial and temporal expression of
costimulatory and comnhibitory B7 molecules provides the
controls that underlie T cell-mediated immune responses.

[0008] Due to their fundamental biological importance
and therapeutic potential, there has been considerable inter-
est 1n the 1idenftification of additional molecules with
costimulatory or coinhibitory function.

[0009] The present mmvention addresses the need for

improved therapies and therapeutics based on a novel
B7/CD28 family pathway, namely, a HERV-H LTR Associ-
ating Protein 2 (HHLAZ2) pathway.

SUMMARY OF THE INVENTION

[0010] A method 1s provided of treating an autoimmune
disease 1n a subject, or of suppressing transplant rejection 1n
a subject, comprising administering to the subject an amount
of an HHLA2-immunoglobulin-fusion protein eflective to
treat an autoimmune disease, or suppress transplant rejec-
tion, respectively.

[0011] Also provided 1s a method of treating a cancer 1n a
subject, comprising administering to the subject an amount

of an anti-HHLA2 antibody, or an HHLA2-binding frag-
ment of an anti-HHL A2 antibody, effective to treat a cancer.

[0012] Also provided i1s a method of treating an infectious

disease a subject, comprising administering to the subject an

amount of an anti-HHILLA2 antibody, or an HHL A2-binding
fragment of an anti-HHILLA2 antibody, effective to an infec-
tious disease.
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[0013] Also provided 1s a composition comprising an
HHLAZ2-immunoglobulin-fusion protein and a pharmaceu-
tically acceptable carrier.

[0014] Also provided 1s a composition comprising an
anti-HHILLA2 antibody, or an HHL A2-binding fragment of
such an antibody, and a pharmaceutically acceptable carrier.

[0015] Also provided 1s an HHLA2-immunoglobulin-fu-
s10n protein for treating an autoimmune disease 1n a subject,
or for suppressing transplant rejection 1n a subject.

[0016] Also provided 1s an anti-HHILLA2 antibody, or an
HHILA2-binding fragment of such an antibody, for treating
a cancer 1n a subject.

[0017] Also provided is a screening method for identifying
an agent as a treatment for an autoimmune disease 1n a
subject, or as a treatment for suppressing transplant rejection
in a subject, comprising contacting an immune system cell
expressing an HHLA2 receptor with the agent and quanti-
tying activity of the cell 1n the presence and the absence of
the agent, and i1dentifying the agent as a treatment for an
autormmune disease 1n a subject, or as a treatment for
suppressing transplant rejection in a subject,

wherein an agent that inhibits the activity of the cell in its
presence as compared to 1n 1ts absence 1s indicated to be a
treatment for an autoirmmune disease in a subject or a
treatment for suppressing transplant rejection 1n a subject,
and an agent that does not aflect activity of, or stimulates
activity of, the cell 1ts presence as compared to 1n its absence
1s not 1indicated to be a treatment for an autoimmune disease
in a subject or a treatment for suppressing transplant rejec-
tion 1n a subject.

[0018] Also provided is a screening method for identifying
an agent as a treatment for a cancer or for an infectious
disease, comprising contacting an HHILLA2 receptor with the
agent and an amount of HHILLA2 and quantiiying the antago-
nism of the agent on HHLA2 binding to the HHLAZ2
receptor, and 1dentitying the agent as a treatment for a cancer
or for an infectious disease,

wherein an agent that competes with, and/or reduces,
HHILA2 binding to the HHILLA2 receptor 1n its presence as
compared to 1n 1ts absence 1s mndicated to be a treatment for
a cancer or an infectious disease, and an agent that does not
allect HHL A2 binding 1n its presence as compared to 1n 1ts
absence 1s not indicated to be a treatment for a cancer or for
an infectious disease. In an embodiment, the HHL A2 recep-
tor 1s expressed on a cell. In an embodiment, the cell 1s an
immune system cell. In an embodiment, the cell 1s CD4 T
cell, a CD9 T cell or an antigen-presenting cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1A-1C. HHLAZ2 1s a member of the B7 family
and forms a group with B7x and B7-H3. (A) Predicted signal
peptide, IgV-like and IgC-like domains, transmembrane
region, and cytoplasmic tail of human HHIL A2 protein were
indicated. The potential N-glycosylation sites were arrowed.
(B) Confocal microscopy showed that human HHLA2-YFP
protein (YFP=Yellow Fluorescent protein) was predomi-
nantly expressed on cell membranes of the 313 cells,
whereas human CTLA-4-YFP fusion protein was mainly
localized intracellularly in the 313 cells. (C) Phylogenetic
tree of the human B7 family. The phylogenetic comparison
of human B7 molecules was generated by PAUP version

4.0b10. The family was divided into three groups: HHL A2,
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B7x, and B7-H3 for group III; PD-L.1 and PD-L2 for group
II; B7-1, B7-2, and B7h for group I. Receptors for human B7

molecules are also indicated.

[0020] FIG. 2A-2B. Analysis of endogenous HHLL A2 pro-
tein expression by flow cytometry with specific mAb. (A)
313 or CT26 cells were transtected with MSCV vectors to
stably express cell surface human B7-1, B7-2, B7h, PD-L1,
PD-1.2, B7-H3, B7x, and HHLA2-YFP. Translectants were
stained with an anti-HHLA2 mAb clone 566.1 (open histo-
grams) or 1sotype control (shaded histograms) for FACS. (B)

Human peripheral blood mononuclear cells (PBMCs) were
stained with biotin-anti-HHLA2 mAb/APC-streptavidin,

and PE-, FITC-, or Percp-Cy5.5-conjugated anti-CD14
(monocytes), anti-CD19 (B cells), anti-CD4, anti-CDS, and
ant1-PD-L.1. Monocytes and B cells were activated with
LPS/IFN-v for three days, whereas T cells were activated
with anti-CD3 for three days. Immature dendritic cells
(DCs) were generated from blood monocytes incubated with
GM-CSF/IL-4 and were induced with LPS/IFN-v to become
mature DCs. Endogenous HHILA2 protein was highly
detected on monocytes and induced on B cells, whereas
PD-L1 was induced only on activated immune cells. Anti-
HHLA2 mAb (open histograms) and 1sotype control (shaded
histograms). Representative of at least seven experiments.

[0021] FIG. 3A-3C. HHLLA2 does not bind other known
members of the CD28 and B7 families. (A) 3T3 or CT26
cells were transtected with MSCV vectors to stably express
cell-surface human CD28, CTLA-4 without cytoplasmic
tail, ICOS, PD-1, B7-1, B7-2, B7h, PD-L1, PD-L2, B7-H3,
and B7x. All transfectants were stained with specific mAbs
(open histograms) or control Abs (shaded histograms). (B)
Transtectants were stained with HHLA2-Ig fusion protein
(open histograms) or control fusion proteins Ig or B7x-Ig
(shaded histograms), and then stained with a PE-conjugate
anti-human IgG Fc. (C) As positive controls, 313 cells
expressing PD-L1 or PD-L2 were stamned with PD-1-Ig
(open histograms) or control Ig (shaded histograms).

[0022] FIG. 4A-4B. T cells and other immune cells con-
stitutively express a putative receptor for HHLAZ2. (A) T
cells, B cells and monocytes from PBMCs and DCs derived
from blood monocytes were stained with HHLA2-Ig fusion
protein (open histograms) or control Ig (shaded histograms),
and then stained with a PE-conjugate anti-human IgG Fc.
CD4 and CD8 T cells were stimulated with anti-CD3 for
three days, whereas B cells and monocytes were stimulated
with LPS/IFN-y for three days. Immature DCs were gener-
ated from blood monocytes and were induced with LPS/
IFN-v to be mature DCs. HHLA2 bound T cells, B cells,
monocytes and DCs. ICOS was induced on activated CD4
and CD8 T cells, whereas PD-1.1 was induced on APCs. (B)
In contrast to these immune cells, HHLLA2 bound neither
human Hela cells nor mouse 313 cells. HHLAZ2-Ig fusion
protein (open histograms) and control Ig (shaded histo-
grams). Representative of at least five experiments.

[0023] FIG. SA-5C. Coinhibition of HHLA2 on TCR-
mediated CD4 and CD8 T cell proliferation. (A) T cells
purified from PBMCs were activated with a combination of
plate-bound ant1-CD3 and either plate-bound HHL A2-Ig (4

um/m1l), control Ig (4 um/ml), or B7x-Ig (4 ul/ml) for three
days. Metabolic activity was then determined by MTT assay.

(B-C) CFSE-labeled T cells were stimulated with a combi-
nation of plate-bound anti-CD3 and eirther plate- bound

HHILAZ2-Ig (10 ng/ml), control Ig (10 ng/ml), or B7x-Ig (10
ug/ml) for five days. T cells were then stained with ant1-CD4
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and ant1-CDS8, and analyzed by flow cytometry. Represen-
tative FACS plots showed CFSE dilution among CD4 and

CDR8 T cells (B). The percentages of proliferating CD4 and
CDB8 T cells were calculated by CFSE dilution (C). N=9-12,
*P<0.03; **P<0.01, ***P<0.001

[0024] FIG. 6. Inhibition of HHLA2 on cytokine produc-
tion from T cells. Purified T cells were stimulated with a
combination of plate-bound anti-CD3 and either plate-
bound HHLA2-Ig (4 um/ml) or control Ig (4 um/ml) for
three days. The cytokine levels of the supernatants were
measured using Thl/Th2/Th9/Th17/Th22 flowcytomix.
HHIL A2 signmificantly reduced production of seven cytokines
from T cells including IFN-y, TNF-q, IL-5, IL-10, IL-13,
IL-17A, and IL-22. N=24, **P<0.01, ***P<0.001

[0025] FIG. 7: Immunohistochemistry results showing
HHILAZ2 15 over-expressed 1n 50% or more of the cancerous
lung, thyroid, breast, ovary, pancreas, and melanoma
samples and 1s also expressed in other cancerous esophagus,
kidney, liver, bladder, and prostate.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

[0026] A method 1s provided of treating an autoimmune
disease 1n a subject, or of suppressing transplant rejection 1n
a subject, comprising administering to the subject an amount
of an HHLA2-immunoglobulin-fusion protein eflective to
treat an autoimmune disease, or suppress transplant rejec-
tion, respectively.

[0027] In an embodiment, the method 1s of treating an
autoimmune disease.

[0028] As used herein, autoimmune diseases treatable by
the method include acute disseminated encephalomyelitis
(ADEM), alopecia areata, antiphospholipid syndrome, auto-
immune cardiomyopathy, autoimmune hemolytic anemia,
autoimmune hepatitis, autoimmune inner ear disease, auto-
immune lymphoproliferative syndrome, autoimmune
peripheral neuropathy, autoimmune pancreatitis, autoim-
mune polyendocrine syndrome, autoimmune progesterone
dermatitis, autoimmune thrombocytopenic purpura, autoims-
mune urticarial, autoimmune uveitis, Behcet’s disease,
celiac disease, Chagas disease, cold agglutinin disease,
Crohn’s disease, dermatomyositis, diabetes mellitus type 1,
cosinophilic fasciitis, gastrointestinal pemphigoid, Good-
pasture’s syndrome, Grave’s syndrome, Guillain-Barre syn-
drome, Hashimoto’s encephalopathy, Hashimoto’s thyroid-
itis, lupus erythematosus, Miller-Fisher syndrome, mixed
connective tissue disease, myasthenia gravis, pemphigus
vulgaris, pernicious anaemia, polymyositis, psoriasis, pso-
riatic arthritis, relapsing polychondritis, rheumatoid arthri-
t1s, rheumatic fever, Sjogren’s syndrome, temporal arteritis,
transverse myelitis, ulcerative colitis, undifferentiated con-
nective tissue disease, vasculitis, and Wegener’s granulo-
matosis.

[0029] In an embodiment, the autoimmune disease treated
1s adult rheumatoid arthritis.

[0030] In an embodiment, the method 1s of suppressing
transplant rejection. The method treats graft versus host
disease, for example where stem cells or bone marrow 1s
transplanted. In an embodiment, the transplant rejection
suppressed 1s a kidney transplant rejection. In an embodi-
ment, the transplant rejection suppressed 1s a lung, heart,
pancreas, cornea, or liver transplant rejection.

[0031] In an embodiment, the HHLAZ2-immunoglobulin-
fusion protein comprises an extracellular domain of human
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HHILA2. In an embodiment, the extracellular domain com-
prises the sequence set forth in SEQ ID NO:1 but excluding
the signal peptide, transmembrane domain and cytoplasmic
tail. In an embodiment, the HHLA2-immunoglobulin-fusion
protein comprises a human IgG Fc region. In an embodi-
ment, the HHLAZ2-immunoglobulin-fusion protein com-
prises a human IgM Fc¢ region. In an embodiment, the IgG
1s an IgG1. In an embodiment, the HHL A2-immunoglobu-
lin-fusion protein comprises the consecutive amino acid
residues set forth 1n SEQ ID NO:2.

[0032] In an embodiment, the methods can be performed,
mutatis mutandis, wherein a nucleic acid encoding an
HHILLA2-Ig 1s admimstered in a fashion such that 1t can
express 1side the subject, 1n place of the HHLA2-Ig fusion
protein. In an embodiment of this method, the nucleic acid
sequence comprises the following (SEQ ID NO:3):

atgaagttatgcatattactggccgtcegtggecttt

gttggcctctecgectecgggagatctttggetttette

atttatgttcctatgaatgaacaaatcgtcattgga

agacttgatgaagatataattctcccttettecattt

gagaggggatccgaagtcgtaatacactggaagtat

caagatagctataaggttcatagttactacaaaggc

agtgaccatttggaaagccaagatcccagatatgceca

aacaggacatcccttttcectataatgagattcaaaat

gggaatgcgtcactatttttcagaagagtaagcctt

ctggacgaaggaatttacacctgctatgtaggaaca

gcaattcaagtgattacaaacaaagtggtgctaaag

gtgggagtttttctcacaccegtgatgaagtatgaa

aagaggaacacaaacagcttcttaatatgcagcecgtyg

ttaagtgtttatcctcgtccaattatcacgtggaaa

atggacaacacacctatctctgaaaacaacatggaa

gaaacagggtctttggattctttttctattaacagce

ccactgaatattacaggatcaaattcatcttatgaa

tgtacaattgaaaattcactgctgaagcaaacatgyg

acagggcgctggacgatgaaagatggccttcataaa

atgcaaagtgaacacgtttcactctcatgtcaacct

gtaaatgattatttttcaccaaaccaagacttcaaa

gttacttggtccagaatgaaaagtgggactttctcet

gtcctggcttactatctgagcetcectcacaaaataca

attatcaatgaatcccgattctcatggaacaaagag

ctgataaaccagagtgacttctctatgaatttgatyg

gatcttaatctttcagacagtggggaatatttatgce

aatatttcttcggatgaatatactttacttaccatc

cacacagtgcatgtagaaccgagccaagaaacagct

tccggeggcecgctcectaaaactagtggatceccecgagecc
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-continued

aaatcttgtgacaaaactcacacatgcccaccgtge
ccagcacctgaactcocctggggggaccgtcagtette
ctcttceccceccceccaaaacccaaggacaccectecatgate
tccecggaccectgaggtcacatgegtggtggtggac
gtgagccacgaagaccctgaggtcaagttcaactgyg
tacgtggacggcgtggaggtgcataatgccaagaca
aagccgcegggaggagcagtacaacagcacgtaccegt
gtggtcagcgtcctcaccgtectgcaccaggactgy
ctgaatggcaaggagtacaagtgcaaggtctccaac
aaagccctcecceccageccccatcgagaaaaccatetec
aaagccaaagggcagccccgagaaccacaggtgtac

accctgceccceccatcececcgggaggagatgaccaagaa

ccaggtcagcecctgacctgectggtcaaaggettcta
tcccagcgacatcegecgtggagtgggagagcaatgyg
gcagccggagaacaactacaagaccacgcectcocgt

gctggactcoccgacggctocttettectetatageaa

gctcaccgtggacaagagcaggtggcagcaggggaa

cgtcttcectcatgctecgtgatgcatgaggcetcectgea

caaccactacacgcagaagagcctctcecectgtetece

gggtaaa.

[0033] In an embodiment, of all aspects of the mmvention
described herein reciting a subject, the subject 1s a human.
In an embodiment, of all aspects of the invention described
herein reciting HHILLA2, the HHL A2 1s a human HHLA2. In
an embodiment, of all aspects of the mvention described
herein reciting an anti-HHLA2 antibody (or fragment
thereot), the HHLLA2 to which the antibody 1s directed
(targeted) 1s a human HHLA2.

[0034] In an embodiment, the HHILLA2 1s a human HHILLA2
comprising the following sequence (SEQ ID NO:1)

MKAQTALSEFEFLILITSLSGSQGIFPLAFFIYVPMNE

QIVIGRLDEDIILPSSFERGSEVVIHWKYQDSYKVH

SYYKGSDHLESQDPRYANRTSLEYNEIQNGNASLEFE

RRVSLLDEGIYTCYVGTAIQVITNKVVLEKVGVELTP

VMKYEKRNTNSFLICSVLSVYPRPIITWKMDNTPIS

ENNMEETGSLDSESINSPLNITGSNSSYECTIENSL

LKOTWTGRWTMKDGLHKMOQSEHVSLSCQPVNDYESP

NODFKVTWSRMKSGTEFSVLAYYLSSSONTIINESRE

SWNKELINQSDEFSMNLMDLNLSDSGEYLCNISSDEY

Mar. 9, 2023

-continued

TLLTIHTVHVEPSQETASHNKGLWILVPSAILAAFL
LIWSVKCCRAQLEARRSRHPADGAQQERCCVPPGER

CPSAPDNGEENVPLSGKV

[0035] In an embodiment, the HHLAZ2-immunoglobulin-
fusion protein 1s an HHLA2-IgG comprising the following

sequence (SEQ ID NO:2)

RSLAFFIYVPMNEQIVIGRLDEDIILPSSEFERGSEVY
VIHWKYODSYKVHSY

YKGSDHLESQDPRYANRTSLEYNEIQONGNASLEEFRR
VSLLDEGIYTCYVGTAIQVITNKVVLKVGVEFLTPVM
KYEKRNTNSFLICSVLSVYPRPIITWKMDNTPISEN
NMEETGSLDSEFSINSPLNITGSNSSYRECTIENSLLK
QTWTGRWTMKDGLHKMOSEHVSLSCOPVNDYEFSPNQ
DEFKVTWSRMKSGTESVLAYYLSSSOQNTIINESRESW
NKELINQSDESMNLMDLNLSDSGEYLCNISSDEYTL
LTIHTVHVEPSQETASGGRSKTSGSEPKSCDKTHTC
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGOPREPOQVYTLPPSREEMTKNQVSLTCLVK
GEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFL
YSKLTVDKSRWOQOGNVESCSVMHEALHNHYTQKSLS

LSPGK.

[0036] In an embodiment, an HHLA2 receptor as
described herein has the same, or has 99% or more sequence
identity to, an HHLA2 receptor on a human T cell or a
human antigen presenting cell.

[0037] Also provided 1s a method of treating a cancer 1n a
subject, comprising administering to the subject an amount

of an anti-HHLA2 antibody, or an HHLA2-binding frag-
ment of an anti-HHILLA2 antibody, elffective to treat a cancer.

[0038] There are at least two mechanisms by which an
anti-HHILLA2 antibody, or HHL A2-binding fragment thereot,
and compositions comprising such, can treat a cancer: 1) the
antibody or fragment can block the mhibition of HHLA2
expressed on immune cells; and 2) the antibody or fragment
can block the imhibition of HHLLA2 expressed on cancer
cells. These two mechanisms can exist at the same time.
Moreover, the cancer cells, such as tumor cells, do not need

to be HHLAZ2 positive.

[0039] Cancers, including tumors, treatable by the inven-
tion include of the nasopharynx, pharynx, lung, bone, brain,
sialaden, stomach, esophagus, testes, ovary, uterus, endo-
metrium, liver, small intestine, appendix, colon, rectum, gall
bladder, pancreas, kidney, urinary bladder, breast, cervix,
vagina, vulva, prostate, thyroid, skin, or 1s a glioma. In an
embodiment, the cancer treated 1s a metastatic melanoma. In
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an embodiment, the cancer treated comprises a tumor. In an
embodiment, the cancer treated comprises a HHLA2-bear-
ing tumor.

[0040] A method 1s provided for treating a cancer 1n a
subject comprising administering to the subject an anti-
HHILA2 antibody, or antigen-binding fragment thereotf, or
HHILLA2-binding aptamer, or 1solated HHL. A2 receptor pro-
tein, 1n an amount effective to treat a cancer 1n a subject. In
an embodiment, the subject 1s a human subject. In an
embodiment, the anti-HHL A2 antibody, or antigen-binding
fragment thereotf, or HHLA2-binding aptamer, or 1solated
HHILA2 receptor protein, has a cytotoxic agent attached
thereto. In an embodiment, the anti-HHL A2 antibody, or
antigen-binding {fragment therecof, or HHLA2-binding
aptamer, has an anti-cancer drug conjugated thereto. In an
embodiment, the anti-HHL A2 antibody, or antigen-binding
fragment thereof, or HHLA2-binding aptamer, or 1solated
HHILA2 receptor protein, has a chemotherapeutic agent
attached thereto. In an embodiment, the antigen-binding
fragment of an anti-HHLA2 antibody 1s administered. In an
embodiment, the antigen-binding fragment of an anti-
HHILA2 antibody 1s administered as a fusion protein. In an
embodiment, the 1solated HHILL A2 receptor protein 1s admin-
istered. In an embodiment, the 1solated HHL A2 receptor
protein 1s administered as a fusion protein. In an embodi-
ment, the fusion protein comprises the antigen-binding
fragment of an anti-HHL A2 antibody bound via a peptide
bond to an immunoglobulin Fc region. In an embodiment,
the immunoglobulin Fc region 1s an immunoglobulin G Fc
region or an immunoglobulin M Fc region. In an embodi-
ment, the fusion protein comprises the isolated HHLA2
receptor protein bound via a peptide bond to an 1mmuno-
globulin Fc¢ region. In an embodiment, the immunoglobulin
Fc region 1s an immunoglobulin G Fc region or an immu-
noglobulin M Fc region. In an embodiment, the anti-HHIL A2
antibody, or antigen-binding fragment thereot, 1s adminis-
tered as a mammalian dendritic cell loaded with the anti-
HHIL A2 antibody, or antigen-binding fragment thereot. In an
embodiment, the cancer 1s a cancer of the lung, thyroid,
breast, ovary, pancreas, esophagus, kidney, liver, bladder,
prostate, a melanoma, or a hematological malignancy. In an
embodiment, the cancer 1s a hematological malignancy
which 1s a lymphoma or a leukemua.

[0041] In an embodiment of the methods, the HHILLA2 1s a
human HHILLA2 protein. In an embodiment of the methods,
the HHLLA2 protein comprises consecutive amino acid resi-
dues having the sequence set forth in SEQ ID NO:1. In an
embodiment of the methods, the antibody 1s a humanized
antibody, a chimeric antibody or an isolated human anti-
body. In an embodiment of the methods, the antibody 1s a
monoclonal antibody.

[0042] Also provided 1s a method of treating an infectious
disease a subject, comprising administering to the subject an
amount of an anti-HHL A2 antibody, or an HHLA2-binding
fragment of an anti-HHLLA2 antibody, effective to an infec-
tious disease. In an embodiment of the methods, the HHI.A2
1s a human HHLA2 protein. In an embodiment of the
methods, the HHLLA2 protein comprises consecutive amino
acid residues having the sequence set forth in SEQ 1D NO:1.
In an embodiment of the methods, the antibody 1s a human-
ized antibody, a chimeric antibody or an isolated human
antibody. In an embodiment of the methods, the antibody 1s
a monoclonal antibody.
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[0043] A method for identifying a biological sample as
cancerous comprising contacting the sample with an anti-
HHILA2 antibody, or antigen-binding fragment thereot, hav-
ing a detectable probe molecule attached thereto and deter-
mining 11 the anti-HHL A2 antibody, or antigen-binding
fragment thereof, having a detectable probe localizes to the
sample by detecting the probe.

[0044] In an embodiment, the probe 1s a fluorophore, a
non-fluorescent dye, a radioactive 1sotope, a fluorescent
protein, an enzyme, or a magnetic or paramagnetic entity. In
an embodiment, the biological sample comprises a tissue. In
an embodiment, the biological sample comprises a cell.

[0045] In an embodiment, the biological sample 1s within
a subject and the anti-HHLLA2 antibody, or antigen-binding
fragment thereof, having a detectable probe attached thereto
1s administered to the subject. In an embodiment, the bio-
logical sample has been obtained from a subject and the
sample 1s directly contacted with the anti-HHILLA2 antibody,
or antigen-binding fragment thereof, having a detectable
probe attached thereto. In an embodiment, the biological
sample 1s a lung, thyroid, breast, ovary, pancreas, melanoma,
esophagus, kidney, liver, bladder, or prostate sample. In an
embodiment, the biological sample 1s determined as cancer-
ous 1f the HHL A2 antibody, or antigen-binding fragment
thereof, having a detectable probe localizes to the sample.

[0046] In an embodiment, the biological sample 1s deter-
mined as cancerous if the amount of HHLA2 antibody, or
antigen-binding fragment thereof, having a detectable probe
localizing to the sample 1s greater than a predetermined
control amount. The concept of a control, for example
corresponding to an equivalent non-cancerous sample, 1s
well-established 1n the art. In an embodiment, the biological
sample 1s determined as cancerous 1f the sample mark’s
positive for HHLA2. In an embodiment, the sample 1s a
sample taken from a tissue listed as positive for HHLA2
expression 1n Table 3. In an embodiment, samples taken

from a tissue listed as negative for HHL A2 expression 1n
Table 3 are excluded.

[0047] As used in the methods herein, the term “antibody”™
refers to an intact antibody, 1.e. with complete Fc and Fv
regions. “Fragment” refers to any portion of an antibody, or
portions of an antibody linked together, such as, 1n non-
limiting examples, a Fab, F(ab),, a single-chain Fv (scFv),
which 1s less than the whole antibody but which 1s an
antigen-binding portion and which competes with the intact
antibody of which it 1s a fragment for specific binding. As
such a fragment can be prepared, for example, by cleaving
an intact antibody or by recombinant means. See generally,
Fundamental Immunology, Ch. 7 (Paul, W., ed., 2nd ed.
Raven Press, N.Y. (1989), hereby incorporated by reference
in 1ts entirety). Antigen-binding fragments may be produced
by recombinant DNA techniques or by enzymatic or chemi-
cal cleavage of intact antibodies or by molecular biology
techniques. In some embodiments, a fragment 1s an Fab,
Fab', F(ab'),, F , F. , complementarity determining region
(CDR) fragment, single-chain antibody (scFv), (a varnable
domain light chain (V) and a variable domain heavy chain
(V.,) linked via a peptide linker. In an embodiment the linker
of the scFv1s 10-25 amino acids in length. In an embodiment
the peptide linker comprises glycine, serine and/or threonine

residues. For example, see Bird et al., Science, 242: 423-426
(1988) and Huston et al., Proc. Natl. Acad. Sci. USA,
85:5879-3883 (1988) each of which are hereby incorporated

by reference 1n their entirety), or a polypeptide that contains
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at least a portion of an antibody that 1s suilicient to confer
HHILA2-specific antigen binding on the polypeptide, includ-
ing a diabody. From N-terminus to C-terminus, both the
mature light and heavy chain variable domains comprise the
regions FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The
assignment of amino acids to each domain 1s 1n accordance
with the definitions of Kabat, Sequences of Proteins of

Immunological Interest (National Institutes of Health,
Bethesda, Md. (1987 and 1991)), Chotlua & Lesk, J. Mol.

Biol. 196:901-917 (1987), or Chothia et al., Nature 342:
878-883 (1989), each of which are hereby incorporated by
reference 1n their entirety). As used herein, the term “poly-
peptide” encompasses native or artificial proteins, protein
fragments and polypeptide analogs of a protein sequence. A
polypeptide may be monomeric or polymeric. As used
herein, an Fa fragment means an antibody fragment that
consists of the V., and CH1 domains; an F, fragment
consists of the V, and V,, domains of a single arm of an
antibody; and a dAb fragment (Ward et al., Nature 341:544-
546 (1989) hereby incorporated by reference 1n 1ts entirety)
consists of a V,, domain. In some embodiments, fragments
are at least 5, 6, 8 or 10 amino acids long. In other
embodiments, the fragments are at least 14, at least 20, at
least 50, or at least 70, 80, 90, 100, 150 or 200 amino acids
long.

[0048] The term “monoclonal antibody™ as used herein
refers to an antibody member of a population of substan-
tially homogeneous antibodies, 1.e., the individual antibod-
1es comprising the population are identical except for pos-
sible mutations, e.g., naturally occurring mutations, that may
be present 1n minor amounts. Thus, the modifier “monoclo-
nal” indicates the character of the antibody as not being a
mixture of discrete antibodies. In certain embodiments, such
a monoclonal antibody typically includes an antibody com-
prising a polypeptide sequence that binds a target HHILA2
(or an HHILA2 receptor, as applicable), wherein the target-
binding polypeptide sequence was obtained by a process that
includes the selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences. For
example, the selection process can be the selection of a
unique clone from a plurality of clones, such as a pool of
hybridoma clones, phage clones, or recombinant DNA
clones. In contrast to polyclonal antibody preparations,
which typically include different antibodies directed against
different determinants (epitopes), each monoclonal antibody
of a monoclonal antibody preparation 1s directed against a
single determinant on an antigen. In addition to their speci-
ficity, monoclonal antibody preparations are advantageous
in that they are typically uncontaminated by other immu-
noglobulins. Thus an 1dentified monoclonal antibody can be
produced by non-hybridoma techniques, e¢.g. by appropnate
recombinant means once the sequence thereof 1s 1dentified.

[0049] In an embodiment of the inventions described
herein, the antibody 1s i1solated. As used herein, the term
“1solated antibody™ refers to an antibody that by virtue of 1ts
origin or source of derivation has one, two, three or four of
the following: (1) 1s not associated with naturally associated
components that accompany 1t 1n 1ts native state, (2) 1s free
of other proteins from the same species, (3) 1s expressed by
a cell from a different species, and (4) does not otherwise
occur 1n nature without the hand of man.

[0050] In an embodiment the composition or pharmaceu-
tical composition comprising one or more of the antibodies
or fragments described herein 1s substantially pure with
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regard to the antibody or fragment. A composition or phar-
maceutical composition comprising one or more of the
antibodies or fragments described herein 1s “substantially
pure” with regard to the antibody or fragment when at least
about 60 to 75% of a sample of the composition or phar-
maceutical composition exhibits a single species of the
antibody or fragment. A substantially pure composition or
pharmaceutical composition comprising one or more of the
antibodies or fragments described herein can comprise, 1n
the portion thereof which 1s the antibody or fragment, 60%,
70%, 80% or 90% of the antibody or fragment of the single
species, more usually about 95%, and preferably over 99%.
Antibody purity or homogeneity may tested by a number of
means well known 1n the art, such as polyacrylamide gel
clectrophoresis or HPLC.

[0051] As used herein, a “human antibody” unless other-
wise 1ndicated 1s one whose sequences correspond to (1.¢.
are 1dentical in sequence to) an antibody that could be
produced by a human and/or has been made using any of the
techniques for making human antibodies as disclosed herein,
but not one which has been made 1n a human. This definition
of a human antibody specifically excludes a humanized
antibody. A “human antibody™ as used herein can be pro-
duced using various techniques known 1n the art, including
phage-display libraries (e.g. Hoogenboom and Winter, J.
Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol.,
222:581 (1991), hereby incorporated by reference in 1ts
entirety), by methods described 1n Cole et al., Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985)

(hereby 1incorporated by reference in 1ts entirety); Boerner et
al., J. Immunol., 147(1):86-95 (1991) (hereby incorporated

by reference 1n its entirety), van Diyjk and van de Winkel,
Curr. Opin. Pharmacol., 5: 368-74 (2001) (hereby incorpo-
rated by reference 1n its entirety), and by administering the
antigen (e.g. HHLLA2) to a transgenic animal that has been
modified to produce such antibodies 1n response to antigenic
challenge, but whose endogenous loci have been disabled,
¢.g., immunized xenomice (see, e.g., U.S. Pat. Nos. 5,939,
598; 6,075,181; 6,114,598; 6,150,584 and 6,162,963 to
Kucherlapati et al. regarding XENOMOUSETM technol-
ogy, each of which patents are hereby incorporated by
reference 1n their entirety), e.g. VelocImmune® (Regeneron,
Tarrytown, N.Y.), e.g. UliMab® platform (Medarex, now
Bristol Myers Squibb, Princeton, N.I.). See also, for
example, L1 et al., Proc. Natl. Acad. Sc1. USA, 103:33557-
3562 (2006) regarding human antibodies generated via a
human B-cell hybridoma technology. See also KM Mouse®
system, described in PCT Publication WO 02/43478 by
Ishida et al., in which the mouse carries a human heavy
chain transchromosome and a human light chain transgene,
and the TC mouse system, described in Tomizuka et al.
(2000) Proc. Natl. Acad. Sci1. USA 97:722-727, in which the
mouse carries both a human heavy chain transchromosome
and a human light chain transchromosome, both of which
are hereby incorporated by reference in their entirety. In
cach of these systems, the transgenes and/or transchromo-
somes carried by the mice comprise human immunoglobulin
variable and constant region sequences.

[0052] The term “human antibody™, as used herein, is
intended to include antibodies having variable regions 1n
which both the framework and CDR regions are sequences
of human origin or identical thereto other than antibodies
naturally occurring in a human or made in a human. Fur-
thermore, 11 the antibody (e.g. an intact antibody rather than,
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for example, an Fab fragment) contains a constant region,
the constant region also 1s dertved from such human
sequences, €.g., human germline sequences, or mutated
versions of human germline sequences. The human antibod-
ies of the mvention may include amino acid residues not
encoded by human sequences (e.g., mutations introduced by
random or site-specific mutagenesis 1n vitro or by somatic
mutation in vivo). However, the term “human antibody™, as
used herein, 1s not intended to include antibodies 1n which
CDR sequences derived from the germline of another mam-
malian species, such as a mouse, have been grafted onto
human framework sequences. In one non-limiting embodi-
ment, where the human antibodies are human monoclonal
antibodies, such antibodies can be produced by a hybridoma
which includes a B cell obtained from a transgenic nonhu-
man animal, e.g., a transgenic mouse, having a genome
comprising a human heavy chain transgene and a light chain
transgene fused to an immortalized cell.

[0053] In an embodiment, the anti-HHL A2 antibody

described herein 1s a recombinant human antibody. The term
“recombinant human antibody™, as used herein, includes all
human antibodies that are prepared, expressed, created or
1solated by recombinant means, such as antibodies 1solated
from an anmimal (e.g., a mouse) that 1s transgenic or tran-
schromosomal for human immunoglobulin genes or a
hybridoma prepared therefrom, antibodies 1solated from a
host cell transformed to express the human antibody, e.g.,
from a transfectoma, antibodies 1solated from a recombi-
nant, combinatorial human antibody library, and antibodies
prepared, expressed, created or 1solated by any other means
that mnvolve splicing of all or a portion of a human 1mmu-
noglobulin gene, sequences to other DNA sequences. Such
recombinant human antibodies have variable regions in
which the framework and CDR regions are derived from
human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies
can be subjected to 1n vitro mutagenesis (or, when an animal
transgenic for human Ig sequences 1s used, 1n vivo somatic
mutagenesis) and thus the amino acid sequences of the V
and V, regions of the recombinant antibodies are sequences
that, while derived from and related to human germline V,
and V ; sequences, may not naturally exist within the human
antibody germline repertoire in vivo.

[0054] “Humanized” forms of non-human (e.g., murine)
antibodies are chimeric antibodies that contain minimal
sequence derived from non-human immunoglobulin. In one
embodiment, a humanized antibody 1s a human 1immuno-
globulin (recipient antibody) in which residues from a
hypervariable region (HVR) of the recipient are replaced by
residues from a HVR of a non-human species (donor anti-
body) such as mouse, rat, rabbit, or nonhuman primate
having the desired specificity, athinity, and/or capacity. In
some 1nstances, FR residues of the human immunoglobulin
variable domain are replaced by corresponding non-human
residues. These modifications may be made to further refine
antibody performance. Furthermore, in a specific embodi-
ment, humanized antibodies may comprise residues that are
not found 1n the recipient antibody or 1n the donor antibody.
In an embodiment, the humanized antibodies do not com-
prise residues that are not found in the recipient antibody or
in the donor antibody. In general, a humamzed antibody will
comprise substantially all of at least one, and typically two,
variable domains, in which all or substantially all of the
hypervariable loops correspond to those of a non-human
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immunoglobulin, and all or substantially all of the FRs are
those of a human immunoglobulin sequence. The human-
1zed antibody optionally will also comprise at least a portion
of an immunoglobulin constant region (Fc), typically that of
a human immunoglobulin. See, e.g., Jones et al., Nature

321:522-5235 (1986); Riechmann et al., Nature 332:323-329
(1988); Presta, Curr. Op. Struct. Biol. 2:593-596 (1992);
Vaswani and Hamailton, Ann. Allergy, Asthma & Immunol.
1:105-115 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 (19935); Hurle and Gross, Curr. Op. Biotech.
5:428-433 (1994); and U.S. Pat. Nos. 6,982,321 and 7,087,

409, the contents of each of which references and patents are
hereby incorporated by reference in their entirety. In one
embodiment where the humanized antibodies do comprise
residues that are not found 1n the recipient antibody or in the
donor antibody, the Fc regions of the antibodies are modified

as described in WO 99/58572, the content of which 1s hereby
incorporated by reference 1n 1ts entirety.

[0055] Techniques to humanize a monoclonal antibody are
described 1n U.S. Pat. Nos. 4,816,567; 5,807.,715; 5,866,
692; 6,331,415; 35,530,101; 5,693,761; 5,693,762; 5,583,
089; and 6,180,370, the content of each of which 1s hereby
incorporated by reference in 1ts entirety.

[0056] A number of “humanized” antibody molecules
comprising an antigen-binding site derived from a non-
human immunoglobulin have been described, including
antibodies having rodent or modified rodent V regions and
theirr associated complementarity determining regions
(CDRs) fused to human constant domains. See, for example,
Winter et al. Nature 349: 293-299 (1991), Lobuglio et al.
Proc. Nat. Acad. Sc1. USA 86: 4220-4224 (1989), Shaw et
al. J. Immunol. 138: 4534-4538 (1987), and Brown et al.
Cancer Res. 47: 3577-3583 (1987), the content of each of
which 1s hereby incorporated by reference in its entirety.
Other references describe rodent hypervariable regions or
CDRs grafted mto a human supporting framework region
(FR) prior to fusion with an appropriate human antibody
constant domain. See, for example, Riechmann et al. Nature
332: 323-327 (1988), Verhoeyen et al. Science 239: 1534-
1536 (1988), and Jones et al. Nature 321: 522-525 (1986),
the content of each of which 1s hereby incorporated by
reference 1n 1ts entirety. Another reference describes rodent
CDRs supported by recombinantly veneered rodent frame-
work regions—FEuropean Patent Publication No. 0519596
(incorporated by reference 1n 1ts entirety). These “human-
1zed” molecules are designed to minimize unwanted 1mmu-
nological response toward rodent anti-human antibody mol-
ecules which limits the duration and eflectiveness of
therapeutic applications of those moieties 1n human recipi-
ents. The antibody constant region can be engineered such
that 1t 1s 1mmunologically inert (e.g., does not trigger
complement lysis). See, e.g. PCT Publication No. W099/
585772; UK Patent Application No. 9809951.8. Other meth-
ods of humamzing antibodies that may also be utilized are
disclosed by Daugherty et al., Nucl. Acids Res. 19: 2471-
2476 (1991) and 1n U.S. Pat. Nos. 6,180,377, 6,054,297;
5,997,867, 5,866,692; 6,210,671, and 6,350,861; and 1n
PCT Publication No. WO 01/27160 (each incorporated by
reference 1n their entirety).

[0057] Other forms of humamized antibodies have one or
more CDRs (CDR L1, CDR L2, CDR L3, CDR H1, CDR

H2, or CDR H3) which are altered with respect to the
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original antibody, which are also termed one or more CDRs
“derived from” one or more CDRs from the original anti-

body.

[0058] In embodiments, the antibodies or fragments herein
can be produced recombinantly, for example antibodies
expressed using a recombinant expression vector transiected
into a host cell, antibodies i1solated from a recombinant,
combinatorial human antibody library, antibodies 1solated
from an animal (e.g., a mouse) that 1s transgenic for human
immunoglobulin genes.

[0059] In an embodiment, the anti-HHL A2 antibody
described herein (or fragment thereol) 1s capable of specifi-
cally binding HHL. A2 or specifically binds an HHLAZ2. IN
an embodiment, the HHIL.A2 1s human a HHL A 2. As used
herein, the terms “is capable of specifically binding” or
“specifically binds™ refers to the property of an antibody or
fragment of binding to the (specified) antigen with a disso-
ciation constant that 1s <1 uM, pretferably <1 nM and most
preferably <10 pM. In an embodiment, the Kd of the
antibody (or fragment) for HHLAZ2 1s 250-500 pM. An
epitope that “specifically binds” to an antibody or a poly-
peptide 1s a term well understood 1n the art, and methods to
determine such specific or preferential binding are also well
known 1n the art. A molecular entity 1s said to exhibit
“specific binding” or “preferential binding” i1 1t reacts or
associates more frequently, more rapidly, with greater dura-
tion and/or with greater afhinity with a particular cell or
substance than 1t does with alternative cells or substances.
An antibody “specifically binds™ or “preferentially binds™ to
a target 1f 1t binds with greater athnity, avidity, more readily,
and/or with greater duration than 1t binds to other sub-
stances. For example, an antibody that specifically or prei-
erentially binds to a HHL A2 conformational epitope 1s an
antibody that binds this epitope with greater athinity, avidity,
more readily, and/or with greater duration than 1t binds to
other HHLLA2 epitopes or non-HHL A2 epitopes. It 1s also
understood by reading this definition that, for example, an
antibody (or moiety or epitope) that specifically or prefer-
entially binds to a first target may or may not specifically or
preferentially bind to a second target. As such, “specific
binding” or “preferential binding” does not necessarily
require (although 1t can mnclude) exclusive binding.

[0060] The term “compete”, as used herein with regard to
an antibody, means that a first antibody, or an antigen-
binding portion thereolf, binds to an epitope 1n a manner
suiliciently similar to the binding of a second antibody, or an
antigen-binding portion thereof, such that the result of
binding of the first antibody with its cognate epitope 1s
detectably decreased in the presence of the second antibody
compared to the binding of the first antibody 1n the absence
of the second antibody. The alternative, where the binding of
the second antibody to 1ts epitope 1s also detectably
decreased 1n the presence of the first antibody, can, but need
not be the case. That 1s, a first antibody can inhibit the
binding of a second antibody to its epitope without that
second antibody inhibiting the binding of the first antibody
to 1ts respective epitope. However, where each antibody
detectably 1nhibits the binding of the other antibody with 1ts
cognate epitope or ligand, whether to the same, greater, or
lesser extent, the antibodies are said to “cross-compete” with
cach other for binding of their respective epitope(s). Both
competing and cross-competing antibodies are encompassed
by the present invention. Regardless of the mechamism by
which such competition or cross-competition occurs (e.g.,
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steric hindrance, conformational change, or binding to a
common epitope, or portion thereof), the skilled artisan
would appreciate, based upon the teachings provided herein,
that such competing and/or cross-competing antibodies are
encompassed and can be useful for the methods disclosed
herein.

[0061] Depending on the amino acid sequences of the
constant domains of their heavy chains, antibodies (immu-
noglobulins) can be assigned to different classes. The anti-
body or fragment can be, e.g., any of an IgG, IgD, IgE, IgA
or IgM antibody or fragment thereolf, respectively. In an
embodiment the antibody 1s an immunoglobulin G. In an
embodiment the antibody fragment 1s a fragment of an
immunoglobulin G. In an embodiment the antibody 1s an
IeG1, 1gG2, IgG2a, IgG2b, IgG3 or IgG4. In an embodiment
the antibody comprises sequences ifrom a human IgGl,
human IgG2, human IgG2a, human IgG2b, human IgG3 or
human Ig(G4. A combination of any of these antibodies
subtypes can also be used. One consideration 1n selecting the
type ol antibody to be used 1s the desired serum hali-life of
the antibody. For example, an IgG generally has a serum
half-life of 23 days, IgA 6 days, IgM 5 days, IgD 3 days, and
IgE 2 days. (Abbas A K, Lichtman A H, Pober I S. Cellular
and Molecular Immunology, 4th edition, W. B. Saunders
Co., Philadelphia, 2000, hereby incorporated by reference 1n
its entirety).

[0062] The “variable region” or “variable domain™ of an
antibody refers to the amino-terminal domains of the heavy
or light chain of the antibody. The variable domain of the
heavy chain may be referred to as “V..” The vanable
domain of the light chain may be referred to as “V,.” These
domains are generally the most variable parts of an antibody
and contain the antigen-binding sites. The term “variable”
refers to the fact that certain portions of the variable domains
differ extensively 1n sequence among antibodies and are
used 1n the binding and specificity of each particular anti-
body for 1ts particular antigen. However, the variability 1s
not evenly distributed throughout the variable domains of
antibodies. It 1s concentrated in three segments called hyper-
variable regions (HVRs) both in the light-chain and the
heavy-chain variable domains. The more highly conserved
portions ol variable domains are called the framework
regions (FR). The variable domains of native heavy and light
chains each comprise four FR regions, largely adopting a
beta-sheet configuration, connected by three HVRs, which
form loops connecting, and 1n some cases forming part of,
the beta-sheet structure. The HVRs 1n each chain are held
together 1n close proximity by the FR regions and, with the
HVRs from the other chain, contribute to the formation of
the antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest, Fifth
Edition, National Institute of Health, Bethesda, Md. (1991)).
The constant domains are not involved directly in the
binding of an antibody to an antigen, but exhibit various
cllector functions, such as participation of the antibody 1n
antibody-dependent cellular toxicity.

[0063] The “light chains” of antibodies (1mmunoglobu-
lins) from any vertebrate species can be assigned to one of
two clearly distinct types, called kappa (k) and lambda (1),
based on the amino acid sequences of their constant
domains.

[0064] “‘Framework” or “FR” residues are those variable
domain residues other than the HVR residues as herein

defined.
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[0065] The term “hypervariable region” or “HVR” when
used herein refers to the regions of an antibody variable
domain which are hypervariable 1n sequence and/or form
structurally defined loops. Generally, antibodies comprise
s1x HVRs; three 1n the V,, (H1, H2, H3) and three in the V,
(L1, L2, L3). In native antibodies, H3 and L3 display the
most diversity of the six HVRs, and H3 1 particular 1s
believed to play a unique role 1n conferring fine specificity
to antibodies. See, e.g., Xu et al., Immunity 13:37-45 (2000);
Johnson and Wu, 1n Methods 1n Molecular Biology 248:1-25
(Lo, ed., Human Press, Totowa, N.J., 2003). Indeed, natu-
rally occurring camelid antibodies COIlSlstlng of a heavy
chain only are functional and stable in the absence of light
chain. See, ¢.g., Hamers-Casterman et al., Nature 363:446-
448 (1993); Shenil et al., Nature Struct Biol. 3:733-736
(1996). A number of HVR delineations are 1n use and are
encompassed herein. The Kabat Complementarity Deter-
miming Regions (CDRs) are based on sequence variability
and are the most commonly used (Kabat et al., Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)
hereby incorporated by reference in 1ts entirety). Chothia
refers instead to the location of the structural loops (Chothia
and Lesk, J. Mol. Biol. 196:901-917 (1987)). The AbM
HVRs represent a compromise between the Kabat HVRs
and Chothia structural loops, and are used by Oxiord
Molecular’s AbM antibody modeling software. The *“con-
tact” HVRs are based on an analysis of the available

complex crystal structures. HVRs may comprise “extended
HVRs” as follows: 24-36 or 24-34 (LL1), 46-56 or 50-56 (LL2)

and 89-97 or 89-96 (LL3) in the VL and 26-35 (Hl) 50-65 or
49-65 (H2) and 93-102, 94-102, or 95-102 (H3) in the VH.
The varniable domain residues are numbered according to
Kabat et al., supra, for each of these defimitions.

[0066] The term “Fc region™ herein 1s used to define a
C-terminal region of an immunoglobulin heavy chain,
including native sequence Fc regions and variant Fc regions.
Although the boundaries of the Fc region of an immuno-
globulin heavy chain might vary, the human IgG heavy
chain Fc region 1s usually defined to stretch from an amino
acid residue at position Cys226, or from Pro230, to the
carboxyl-terminus thereof. The C-terminal lysine of the Fc
region may be removed, for example, during production or
purification of the antibody, or by recombinantly engineer-
ing the nucleic acid encoding a heavy chain of the antibody.
Accordingly, an intact antibody as used herein may be an

antibody with or without the otherwise C-terminal cysteine.

[0067] Compositions or pharmaceutical compositions
comprising the antibodies, ScFvs or fragments of antibodies
disclosed herein are preferably comprise stabilizers to pre-
vent loss of activity or structural integrity of the protein due
to the eflects of denaturation, oxidation or aggregation over
a period of time during storage and transportation prior to
use. The compositions or pharmaceutical compositions can
comprise one or more of any combination of salts, surfac-
tants, pH and tonicity agents such as sugars can contribute
to overcoming aggregation problems. Where a composition
or pharmaceutical composition of the present invention 1s
used as an 1njection, it 1s desirable to have a pH value 1n an
approximately neutral pH range, 1t 1s also advantageous to
mimmize surfactant levels to avoid bubbles in the formula-
tion which are detrimental for injection into subjects. In an
embodiment, the composition or pharmaceutical composi-
tion 1s 1n liquid form and stably supports high concentrations
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of bioactive antibody 1n solution and 1s suitable for paren-
teral administration, including intravenous, intramuscular,
intraperitoneal, intradermal and/or subcutaneous injection.
In an embodiment, the composition or pharmaceutical com-
position 1s 1 liquid form and has minimized risk of bubble
formation and anaphylactoid side eflects. In an embodiment,
the composition or pharmaceutical composition 1s 1sotonic.
In an embodiment, the composition or pharmaceutical com-
position has a pH or 6.8 to 7.4.

[0068] In an embodiment the ScFvs or fragments of anti-
bodies disclosed herein are lyophilized and/or freeze dried
and are reconstituted for use.

[0069] Examples of pharmaceutically acceptable carriers
include, but are not limited to, phosphate buflered saline
solution, sterile water (including water for injection USP),
emulsions such as oil/water emulsion, and various types of
wetting agents. Preferred diluents for aerosol or parenteral
administration are phosphate buflered saline or normal
(0.9%) saline, for example 0.9% sodium chloride solution,
USP. Compositions comprising such carriers are formulated
by well known conventional methods (see, for example,
Remington’s Pharmaceutical Sciences, 18th edition, A.
Gennaro, ed., Mack Publishing Co., Easton, Pa., 1990; and
Remington, The Science and Practice of Pharmacy 20th Ed.
Mack Publishing, 2000, the content of each of which 1is
hereby 1ncorporated 1n 1ts entirety). In non-limiting
examples, the can comprise one or more of dibasic sodium
phosphate, potassium chloride, monobasic potassium phos-
phate, polysorbate 80 (e.g. 2-[2-[3,5-b1s(2-hydroxyethoxy)
oxolan-2-yl]-2-(2-hydroxyethoxy)ethoxy]ethyl (E)-octadec-
9-enoate), disodium edetate dehydrate, sucrose, monobasic

sodium phosphate monohydrate, and dibasic sodium phos-
phate dihydrate.

[0070] The antibodies, or fragments of antibodies, or
compositions, or pharmaceutical compositions described
herein can also be lyophilized or provided in any suitable
forms including, but not limited to, injectable solutions or
inhalable solutions, gel forms and tablet forms.

[0071] The term “Kd”, as used herein, 1s intended to refer
to the dissociation constant of an antibody-antigen interac-
tion. One way of determining the Kd or binding afhinity of
antibodies to HHLLA2 1s by measuring binding afhinity of
monoiunctional Fab fragments of the antibody. (The aflinity
constant 1s the mverted dissociation constant). To obtain
monoiunctional Fab fragments, an antibody (for example,
IgG) can be cleaved with papain or expressed recombi-
nantly. The athimity of an anti-HHLA2 Fab fragment of an
antibody can be determined by surface plasmon resonance
(BIAcore3000™ surface plasmon resonance (SPR) system,
BlAcore Inc., Piscataway N.I.). CM5 chips can be activated
with N-ethyl-N'-(3-dimethylaminopropyl)-carbodiinide
hydrochloride (EDC) and N-hydroxysuccinimide (NETS)
according to the supplier’s instructions. HHLA2 can be
diluted mnto 10 mM sodium acetate pH 4.0 and 1njected over
the activated chip at a concentration of 0.005 mg/mL. Using
variable tlow time across the individual chip channels, two
ranges ol antigen density can be achieved: 100-200 response
units (RU) for detailed kinetic studies and 500-600 RU for
screening assays. Serial dilutions (0.1-10xestimated Kd) of
purified Fab samples are injected for 1 min at 100 microli-
ters/min and dissociation times of up to 2 h are allowed. The
concentrations of the Fab proteins are determined by ELISA
and/or SDS-PAGE electrophoresis using a Fab of known

concentration (as determined by amino acid analysis) as a
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standard. Kinetic association rates (k_ ) and dissociation
rates (k_.) are obtained simultaneously by fitting the data to
a 1:1 Langmuir binding model (Karlsson, R. Roos, H.
Fagerstam, L. Petersson, B. (1994). Methods Enzymology 6.
99-110, the content of which 1s hereby incorporated in 1its
entirety) using the BIA evaluation program. Equilibrium
dissociation constant (Kd) values are calculated as k_/k ..
This protocol 1s suitable for use in determining binding
allinity of an antibody or fragment to any HHLA2. Other

protocols known 1n the art may also be used. For example,
ELISA of HHLA2 with mAb can be used to determine the

kD values. The Kd values reported herein used this ELISA-
based protocol.

[0072] Also provided 1s a composition comprising an
HHILA2- 1mmun0globu11n fusion protein bound to an
HHILA2 receptor on an immune system cell. In an embodi-
ment, the HHLA2-immunoglobulin-fusion protein com-
prises the extracellular domain of human HHLA2. In an
embodiment, the HHLA2- 1mmun0g10buhn-ﬁ1510n protein
comprlses a human IgG Fc¢ region. In an embodiment, the
IgG 1s an IgG1. In an embodiment, the immune system cell
1s a CD4 T cell, an CD8 T cell, or an antigen-presenting cell.
In an embodimentj the immune system cell 1s human.
[0073] Also provided 1s a composition comprising an
HHLAZ2-immunoglobulin-fusion protein and a pharmaceu-
tically acceptable carrier. In an embodiment, HHLA2-1m-
munoglobulin-fusion protein comprises an extracellular
domain of human HHLA2. In an embodiment, HHL.A2-
immunoglobulin-fusion protein comprises a human IgG Fc
region. In an embodiment, the IgG 1s an IgGl. In an
embodiment, the HHLA2- immunoglobulin—fusion protein
comprises the consecutive amino acid residues set forth 1n
SEQ ID NO:2. In an embodiment, the composition 1s a
pharmaceutical composition.

[0074] Also provided 1s a composition comprising an
anti-HHILLA2 antibody, or an HHL A2-binding fragment of
such an antibody, and a pharmaceutically acceptable carrier.
In an embodiment, the HHL A2 1s a human HHL A2 protein.
In an embodiment, the HHLA2 protein comprises consecu-
tive amino acid residues having the sequence set forth in
SEQ ID NO:1. In an embodiment, the antibody 1s a human-
1zed antibody, a chimeric antibody or an i1solated human
antibody. In an embodiment, the antibody 1s a monoclonal
antibody. In an embodiment, the composition 1s a pharma-
ceutical composition.

[0075] Also provided 1s an HHLA2-immunoglobulin-fu-

s1on protein for treating an autoimmune disease 1n a subject,
or for suppressing transplant rejection 1n a subject.

[0076] Also provided 1s an anti-HHILLA2 antibody, or an
HHILA2-binding fragment of such an antibody, for treating
a cancer 1n a subject.

[0077] Also provided is a screening method for identifying
an agent as a treatment for an autoimmune disease 1n a
subject, or as a treatment for suppressing transplant rejection
in a subject, comprising contacting an immune system cell
expressing an HHLA2 receptor with the agent and quanti-
tying activity of the cell 1n the presence and the absence of
the agent, and identifying the agent as a treatment for an
autormmune disease 1n a subject, or as a treatment for
suppressing transplant rejection in a subject,

wherein an agent that inhibits the activity of the cell 1n its
presence as compared to 1n 1ts absence 1s indicated to be a
treatment for an autoirmmune disease in a subject or a
treatment for suppressing transplant rejection in a subject,
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and an agent that does not aflect activity of, or stimulates
activity of, the cell its presence as compared to 1n 1ts absence
1s not indicated to be a treatment for an autoimmune disease
in a subject or a treatment for suppressing transplant rejec-
tion 1n a subject.

[0078] Also provided is a screening method for identifying
an agent as a treatment for a cancer or for an infectious
disease, comprising contacting an HHILLA2 receptor with the
agent and an amount of HHILLA2 and quantifying the antago-
nism of the agent on HHLA2 binding to the HHLAZ2
receptor, and identifying the agent as a treatment for a cancer
or for an infectious disease,

wherein an agent that competes with, and/or reduces,
HHILLA2 binding to the HHILLA2 receptor in its presence as
compared to 1n 1ts absence 1s mndicated to be a treatment for
a cancer or an infectious disease, and an agent that does not
allect HHL A2 binding 1n its presence as compared to 1n 1ts
absence 1s not indicated to be a treatment for a cancer or for
an 1infectious disease. In an embodiment, the HHILLA2 recep-
tor 1s expressed on a cell. In an embodiment, the cell 1s an
immune system cell. In an embodiment, the cell 1s CD4 T
cell, a CD9 T cell or an antigen-presenting cell.

[0079] In an embodiment of the screening methods, the
agent 1s an organic molecule of 2000 daltons or less, an
antibody, an antigen-binding fragment of an antibody, and
s1IRNA nucleic acid, a polypeptide of less than 200 residues
Or an aptamer.

[0080] In an embodiment, “determining” as used herein
means experimentally determining.

[0081] All combinations of the various elements described
herein are within the scope of the invention unless otherwise
indicated herein or otherwise clearly contradicted by con-
text.

[0082] This invention will be better understood from the
Experimental Details, which follow. However, one skilled 1n
the art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as
described more fully 1n the claims that follow thereafter.

EXPERIMENTAL DETAILS

Introduction

[0083] Here the HERV-HLTR-associating 2 (HHLA2)
(29) 1s described as a member of the B7 family with
coinhibitory function for both human CD4 and CDS8 T cells,
which 1s comparable to other important family members. A

putative receptor for HHLA?2 1s expressed widely on T cells
and APCs.

Results

[0084] Characterization of HHLA2 as a B7 family mem-
ber: In a homology search of various databases using amino
acid sequences of human B7x and B7-H3, HHLA2 was
identified which was shown previously to share significant
homology with the B7 family (29, 30) and was also called
B7H7(30). The human HHILLA2 gene 1s located 1n the q13.13
region of the chromosome 3 and 1s near the B7-1 and B7-2
genes (q13.3-q21). The open reading frame was sequenced
and the deduced protein sequence of HHILLA2 was found to
contain 414 amino acids (FIG. 1A), longer than most B7
members, but shorter than human B7-H3. HHILLA2 shares
varying levels of amino acid identity and similarity with

human B7-1 (10% and 23%), B7-2 (13% and 29%), B7h
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(15% and 30%), PD-L1 (12% and 26%), PD-L2 (14% and
27%), B7-H3 long form (15% and 31%) and short form
(16% and 33%), and B7x (18% and 30%), which are
comparable to the homologies exhibited by other members
of the family; for example, B/-1, the founding member of
the B7 family, shares 13-21% of amino acid identity and
22-37% of similarity with other human B7 molecules.

[0085] The putative HHL A2 protein has an N-terminal
signal peptide, an ectodomain composed of tandem IgV-
IgC-IgV domains, six potential sites for N-linked glycosy-
lation, a transmembrane region, and a 49-aa cytoplasmic tail
(FIG. 1A). The predicted HHLA2 protein 1s a type I trans-
membrane molecule. To test this prediction, the HHLA2
protein localization was examined by expressing HHLA2-
YFP fusion protein in the 313 cell line which did not express
endogenous HHILA2. Confocal microscopy analysis
revealed that HHL A2 protein was predominantly found on
cell membranes with some 1n the cytoplasm (FIG. 1B). In
contrast, human CTLA-4-YFP fusion protein was mainly

localized intracellularly in the 3T3 cell (FIG. 1B).

[0086] Evolution of HHLA2: In a previous study the B7
family of proteins was divided into three groups by phylo-
genetic analysis (23). With HHL A2 added into this family,
PAUP 4.0b10 (31) was used to reevaluate the relationship
among human B7 proteins. As shown in FIG. 1C, a phylo-
genetic comparison of the family divided the human B7

molecules 1nto three groups: group I includes B7-1, B7-2,
and B7h; group II consists of PD-L1 and PD-L2; and group

III contains B7x, HHLAZ2 and B7-H3. For group I, CD28
and CTLA-4 are receptors for all three B7 molecules and the
closely related ICOS 1s a receptor for B7h, whereas PD-L1
can bind B7-1. For group II, PD-1 1s the receptor for both
PD-L1 and PD-L2. For group 111, receptors have not been
identified yet. The phylogenetic comparison suggests that
receptors for group III would not be real homologues of
receptors for group I and II.

[0087] Based on sequence analyses, putative HHLAZ2
orthologs appear to be present in wide range of species,
including fish (GeneBank accession number ACHS85300),
frog (NP 001122116), Heterocephalus glaber (EHB18400),
giant panda (EFB27984), and monkey (EHH16036 and
EHH31009), suggesting evolutionally conserved function.
However, 1n contrast to other B7 family members, labora-
tory mouse and rat strains do not express HHLA2, which
makes 1t the first B7 family member expressed in human but
not 1n mouse.

[0088] Protein expression pattern of HHILA2: The expres-
sion of HHLLA2 at the protein level 1s completely unknown
at present. To examine the protein expression, a panel of
monoclonal antibodies (mAbs) was generated against

HHIL A2 from mice as mice do not express the HHILLA2 gene.
The specificity of the mAbs was demonstrated by ELISA
and FACS 1 which mAbs reacted with HHLLA2 but not with

other B7 molecules (FIG. 2A).

[0089] Using the anti-HHLA2 mAb clone 566.1, HHLA?2
expression was examined on APCs by FACS. CD14 positive
monocytes 1 human peripheral blood mononuclear cells
(PBMCs) expressed significant levels of HHLA2 and the

expression was further up-regulated by stimulation with LPS
and IFN-y (FIG. 2B). Resting CD19 positive B cells did not

express HHILLA2, but the expression was induced by LPS and
IFN-v stimulation (FIG. 2B). No clear HHLA2 protein could
be detected on blood monocyte-derived immature dendritic

cells (DCs) or LPS/IFN-y-induced mature DCs (FIG. 2B).
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For T cells, both CD4 and CD8 T cells in PBMCs did not
express HHILLA2; both were still negative after stimulation
with plate-bound anti-CD3 (FIG. 2B). As a control, PD-L1,
another B7 molecule, was induced on monocytes, B cells
and DCs after LPS/IFN-v stimulation and was induced on
CD4 and CD8 T cells after stimulation with anti-CD3 (FIG.
2B). Collectively, these results demonstrate that endogenous
HHILA2 1s an integral cell surface protein constitutively
expressed on monocytes and imnduced on B cells.

[0090] HHILA2 does not bind other known members of the
CD28 and B7 families: All previously characterized B7
family members can act as ligands and regulate T cell
function by binding to receptors. The receptor for HHL A2 1s
unknown, therefore 1t was first asked whether any of the
known CD28 family members are the receptor for HHLAZ2.
To this end, an HHLAZ2-Ig fusion protein was generated
consisting of the extracellular portion of human HHL A2 and
the Fc portion of IgG1 and three other controls including
B7x-1g, B7-H3-Ig, and only the Fc portion of human IgGl
(Ig control). The HHILLA2-Ig fusion protein and the controls,
produced 1n the same system and purified in the same way,
were used to search for the interactions between HHILLA2
and the CD28 family members using FACS analysis. To do
this 3T3 lines expressing cell surface human CD28, ICOS,
PD-1 (FIG. 3A) were established. CTLA-4 1s not primarily
a cell surface protein (FIG. 1B), mainly due to the fact that
it contamns an intracellular  localization  motif
(TTGVYVKMPPT) (SEQ ID NO:4) 1n its cytoplasmic tail
(32). A 313 line expressing cell surface CTLA-4 was
established which did not contain the cytoplasmic tail (FIG.
3A). In FACS experiments, HHILLA2-Ig, like the other con-
trol Igs (Ig, B7x-Ig and B7-H3-Ig), did not bind CID28,
CTLA-4, ICOS, and PD-1 on the cell surface of 313 cells
(FI1G. 3B). Within the B7 family, B7-1 can bind to another
B’7 molecule PD-L1 (21). To test whether HHL A2 binds to
any of known B7 family members, 313 and CT26 lines were
established that expressed cell surface human B7-1, B7-2,
B7h, PD-L.1, PD-L.2, B7-H3 and B7x, and found that neither
HHILA2-Ig nor B7x-Ig bound the other B7 molecules (FIG.
3B). As a positive control, PD-1-Ig bound 3T3 cells express-
ing PD-L1 or PD-L2 (FIG. 3C). These results reveal that

neither the known members of the CD28 family nor those of
the B7 family interact with HHLAZ2.

[0091] Constitutive expression ol an HHLAZ2 putative
receptor on T cells and other immune cells. T cells express
receptors for members of the B7 family. To test whether T
cells have an HHLA?2 receptor, HHLA2-Ig was used and
control Ig to stamn T cells from PBMCs. FACS analyses
showed that HHILLA2 bound freshly 1solated resting CD4 and
CD8 T cells (FIG. 4A). After stimulation with plate-bound
ant1-CD3 for three days, activated CD4 and CD8 T cells still
expressed a receptor for HHLA2 (FIG. 4A). In contrast,
ICOS was not expressed on resting CD4 and CDS8 T cells but
was induced after stimulation (FIG. 4A). HHL A2 receptor
positive cells and ICOS positive cells were partially over-
lapping. PD-1, another CD28 family member, was recently
reported to be expressed on human B cells (33). It was
therefore examined whether APCs have a receptor for
HHILLA2. HHLAZ2-Ig bound freshly 1solated B cells and
monocytes, suggesting these cells express a receptor for
HHLA2 (FIG. 4A). PBMCs were further stimulated with
LPS/IFN-y for three days, and 1t was found B cells and
monocytes were activated, as evidenced by imnduced expres-
sion of PD-L1. Both activated B cells and monocytes were
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stained by HHLA2-Ig (FIG. 4A), suggesting resting and
activated B cells as well as monocytes have a putative
HHILA receptor. Finally, dendritic cells (DCs) were exam-
ined. It was found that HHLA2 bound blood monocyte-
derived immature DCs as well as LSP/IFN-y-induced
mature DCs (FIG. 4A). In contrast to immune cells, HHLA?2
did not bind human HeLa cells and mouse 313 cells (FIG.
4B), suggesting these cells did not have an HHL A2 receptor.
Taken together, these results indicate that a putative HHL A2
receptor 1s constitutively expressed on T cells, B cells,
monocytes, and DCs.

[0092] HHLAZ2 inhibits TCR-mediated CD4 and CD8 T
cell proliferation: Based on the data showing that HHL A2
protein was detected on APCs and a putative receptor was
constitutively expressed on T cells, 1t was examined whether
HHILA2 was able to regulate T cell function using a system
modified from previous studies (23). In this system, purified
T cells were activated with plate-bound mAb to human CD3
and the activation of T cells was determined on day three and
five. Firstly a dose titration was performed of ant1-CD3 and
it was found that T cells from different normal donors
needed different concentrations of anti-CD3 to achieve the
middle level of proliferation. Therefore, diflferent suitable
concentrations of anti-CD3 were used for T cell experi-
ments. The MTT assay was used to quanfity anti-CD?3

induced T cell activation 1n the presence of immobilized

HHILLA2-Ig, control Ig, or B7x-Ig (FIG. 5A). HHLA2-Ig
significantly decreased T cell activation induced by anti-
CD3 (FIG. 5A). As a control, B7x-Ig also inhibited T cell
activation 1n the same system (23). As both CD4 and CD8
T cells constitutively express an HHL A2 receptor, it was
next examined whether HHILLA2 was able to inhibit both
CD4 and CDS8 T cells. Purified T cells from PBMCs were
labeled with carboxyfluorescein diacetate succinimidyl ester
(CFSE), and stimulated with anti-CD3 in the presence of
immobilized HHLA2-Ig, control Ig, or B7x-Ig for five days.
These cells were then analyzed by FACS with anti-CD4 and
ant1-CD8. HHLA2-mediated inhibition was determined by
gating on CD4 and CD8 T cell populations and measuring
CFSE fluorescence intensity. Both CD4 and CD8 T cells
proliferated vigorously when incubated with anti-CD3 and
control Ig (FIG. 5B,C), with more than 55% of CD4 and
69% of CDS8 T cells dividing. However, when T cells were
incubated with ant1-CD3 and HHL A2-Ig, significantly fewer
CD4 and CD8 T cells proliferated, with less than 38% of
CD4 and 32% of CD8 T cells dividing (FIG. SB,C). Simi-
larly, B7x-Ig also inhibited both CD4 and CD8 T cell
proliferation, with less than 44% of CD4 and 57% of CDS8
T cells dividing (FIG. 5). These findings from two functional
assays demonstrate that HHLA2 inhibits TCR-mediated
proliferation of both human CD4 and CDS8 T cells.

[0093] HHLAZ2 inhibits cytokine production from T cells:
Next tested was the effect of HHL A2 on cytokine production
from T cells. Purified T cells from PBMCs were stimulated
with anti-CD3 1n the presence of immobilized HHLA2-Ig or
control Ig for three days and cytokines 1n the supernatants
were measured using Thl/Th2/Th9/Th17/Th22 flowcyto-
mix. Among the 13 T cell-derived cytokines tested, it was
tfound HHL A2 significantly reduced production of 7 cyto-
kines from T cells: IFN-y(21% reduction), TNF-a. (30%
reduction), IL-5 (39% reduction), IL-10 (56% reduction),
IL-13 (39% reduction), IL-17A (36% reduction), and 1L.-22
(35% reduction) (FIG. 6). HHLA2 reduced production of
IL-2 and IL.-9, but the differences did not reach statistical
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significance. In addition, there was no effect of HHLLA2 on
cytokine production of IL-1p, IL-4, IL-6, and IL-12p70.
These results suggest that HHILLA2 1s able to suppress certain
cytokines produced from T cells induced by TCR signaling.

[0094] HHLA2 protein has limited expression 1in normal
tissues: Using monoclonal antibodies to HHLA, an immu-
nohistochemistry (IHC) protocol was developed to evaluate
HHILLA2 protein expression in normal human organs and
common cancers. It was found that HHL A2 protein was 1n
the epithelium of the gut, breast, placenta, and gallbladder,
but not 1n other organs such as skin, liver, uterine cervix,
subcutis, prostate, pancreas, spleen, tonsils, umbilical cord,
lymph node, esophagus, adrenal, ovary, stomach, thyroid,
lung, thymus, larynx, brain, aorta, uterus, and salivary
glands (Table 1).

[0095] HHLAZ2 protein 1s over-expressed in many human
cancers: Using IHC, 1t was found that HHLA2 was over-
expressed 1n 50% or more of the cancerous lung, thyroid,
breast, ovary, pancreas, and melanoma samples (Table 2 and
FIG. 7). HHLA2 was also expressed in other cancerous
esophagus, kidney, liver, bladder, and prostate (Table 2 and
FIG. 7). In addition, some hematological malignancies were
found including lymphoma and leukemia expressed HHLLA2
on their surface by tlow cytometry (Table 3).

TABLE 1

IHC staming for HHLA2 protemn in normal human organs.
Table 1: Normal Tissues (Number Positive/Total Cores Analyzed)

Skin (0/2)

Subcutis (0/2)
Breast (2/2)

Spleen (0/2)
Lymph Node (0/12)

Liver (0/2)
Gallbladder (5/11)
Pancreas (0/2)
Tonsils (0/2)
Esophagus (0/2)

Uterine Cervix (0/4)
Prostate (0/2)
Placenta (2/2)
Umbilical Cord (0/2)
Adrenal (0/2)

Ovary (0/1) Stomach (0/2) Thyroid (0/2)
Lung (0/2) Small Intestine (2/2) Thymus (0/2)
Larynx (0/9) Colon (2/2) Brain (0/6)
Aorta (0/2) Kidney (3/4) Uterus (0/9)

Salivary Glands (0/2)

TABLE 2

IHC staining for HHLA?2 protein in human
comimon cancers from various organs.
Cancer Samples (Number Positive/Total Cores)

Stomach (0/10)
Esophagus (2/10)
Lung (6/9)
Colon/Rectum (3/8)
Thyroid (6/9)
Kidney (2/6)

Breast (7/10)
Liver (4/10)
Bladder (4/10)
Ovary (4/8)
Pancreas (5/10)
Prostate (3/9)

Endometrial (0/9)
Gallbladder (0/10)

Larynx (0/10)

Uterine Cervix (0/10)
Lymphoma (0/10)
Malignant Melanoma (5/9)

TABLE 3

Expression of HHLA2 protein 1n various human cancer
cell lines determined bv flow cytometry.

HHLA?2
Human Cell Lines  Derived From Expression
Uo37 Histiocytic Lymphoma +
Raji Burkitt [ymphoma +
HIL.60 Acute Promyelocytic Leukemia +
MOLMI13 Acute monocytic leukemia +
K562 Chronic myelogenous leukemia +
CEM Acute lymphoblastic leukemia +
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TABLE 3-continued

Expression of HHLA2 protemn 1n various human cancer
cell lines determined by flow cvtometry.

HHLA?2
Human Cell Lines  Derived From Expression
SK-BR-5 Breast carcinoma (Metastasis) +
HCC-1143 Breast ductal carcinoma +
MDA-MB-231 Breast adenocarcinoma +
BT-20 Breast carcinoma +
B1-549 Breast ductal carcinoma +
SK-BR-7 Breast carcinoma —
SK-LC-1 Lung adenocarcinoma —
SK-LC-7 Lung adenocarcinoma —
SK-OV-6 Ovarian carcinoma —
Hela Cervical cancer —
Jurkat Acute T cell leukemia —
THP-1 Acute monocytic leukemia —
KGl1 Acute myelogenous leukemia —
Discussion
[0096] Herein 1s provided evidence for HHLA2 as a new

member of the B7 family that inhibits proliferation and
cytokine production of both human CD4 and CDS8 T cells.
This 1s significant and unexpected 1n light of previous
reports of methods of using pHHILL A2 to co-stimulate T-cells
(see U.S. Patent Application Publication 20090173876).
HHILA2 was orniginally cloned as a gene that was polyade-
nylated within a long terminal repeat (LTR) of the HERV-H
endogenous retrovirus family (29), exhibiting homology
with B7 (29, 30). It was found that HHLA2 has all the
characteristics of a B7 family member. Similar to other
members of the B7 family, HHLA2 shares 10-18% of amino
acid 1dentity and 23-33% of similarity to other human B7
molecules. It 1s already demonstrated that the IgV domain 1s
the receptor- binding domain for B7-1 (34), B7-2 (35),
PD-L1 (36) and PD-L2 (37). Like other B7s, HHLA2 has
extracellular IgV and IgC domains. With the phylogenetic
analyses, 1t was found that HHLA2 formed the third group
with B7x and B7-H3 within the B7 family. Indeed, the
highest homology sequences to HHILLA2 are B7-H3 and B7x.
The bioinformatic analyses and other results (29, 30) reveal
that HHLLA2 1s found 1n various species including human,
monkey, frog, and fish, but 1s not expressed 1n mouse and rat.
Mouse and rat have only HHL A2 pseudogenes (30). This 1s
unique as all other known members of the B7 family and of
the CD28 family are found in both human and mouse.
[0097] Compared to other B7s, human HHILLA2 has a
different expression pattern. HHILLA2 protein was expressed
highly and constitutively on monocytes, while its expression
on human B cells was induced by inflammatory stimulation.
However, blood monocyte-derived DCs and T cells were
HHIL A2 negative even after activation with LPS/IFN-v and
ant1-CD3, respectively. Diflerently from HHLA2, 1t was
found that the other B7 molecule, PD-L1, was not expressed
in human resting T cells and APCs but was induced on these
immune cells after activation. B7-2 1s expressed at very low
levels on human resting B cells and immature DCs and 1s
induced to high levels with stimuli (38, 39), while B7x 1s
hardly detected on normal human T cells and APCs (38).
These studies highlight the dramatic differences in the
spatial and temporal expression of the individual members
of the B7 family.

[0098] HHLAZ2 appears to have a counter-receptor that 1s
distinct from CD28, CTLA-4, ICOS, PD-1 and all B7
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molecules. CD28 1s constitutively expressed on T cells,
whereas CTLA-4, ICOS, and PD-1 are induced after T cell
activation (1-3). HHLA2-Ig fusion protein did not interact
with any known members of the CD28 and B7 families,
demonstrating that these molecules are not the receptor for
HHILA2. These results are consistent with the phylogenetic
analyses which suggests the receptors for the group III
(HHLAZ2, B7x, and B7-H3) may be distinct from the recep-
tors for groups I and II. Interestingly, HHLLA2 bound not
only to activated human CD4 and CDS8 T cells but also to
resting CD4 and CD8 T cells. Therefore, HHLLA2 joins B7-1
and B7-2 to recognize receptors expressed on both resting
and activated T cells.

[0099] HHLAZ2 is able to function as a negative regulator
of human T cells: In the presence of TCR signaling, immo-
bilized HHLA2 protein suppressed proliferation of both
human CD4 and CD8 T cells as eflectively as B7x in the
same experimental system. The second line of evidence that
supported an inhibitory role for HHLA2 in T cell regulation
1s 1ts ellect on cytokine production. Among 13 cytokines
from T cells induced by TCR signaling, HHLA2 signifi-
cantly reduced the production of 7 cytokines including
IFN-y, TNF-a, IL-5, IL-10, IL-13, IL-17A, and IL-22,
indicating that H{LA2 1s able to 1nh1b1t T cell cytokme
production. It was found that human T cells from different
donors had considerable varnation in cytokine production,
which may reflect an interesting heterogeneity in the human
response. In the group III of the B7 family, B7x suppresses
T cells and 1s widely over-expressed 1n many human solid
tumors; B7-H3 1s reported to have costimulatory and coin-
hibitory eflects (26), although clinical observations suggest
that 1t functions in tumor immune evasion. This group 1s now
expanded to mclude HHLA2 as a T cell coinhibitor. In

addition to T cells, human APCs also express a receptor for
HHLA2.

[0100] In summary, herein 1s characterized a member of
the B7 family that serves as an attenuator of T cell responses.
It 1s the first B7 family member 1identified to exist in humans
but not 1n mice. Its putative receptor i1s constitutively
expressed on human T cells and APCs. The expression
patterns of HHLA2 and 1ts putative counter-receptor
coupled with 1ts coimnhibitory function suggests that this
pathway 1s a potent regulator of human immune responses at
both the very early and late stages. Notably, 1n the clinic,
CTLA-4-Ig fusion proteins (Abatacept and Belatacept)
inhibit T cell functions and have already been used to treat
adult rheumatoid arthritis and to prevent acute kidney trans-
plant rejection (40, 41), respectively, a mAb blocking
CTLA-4 tunctions (Ipilimumab) was recently approved for
treatment of metastatic melanoma (42, 43) and some mAbs
against PD-1 and PD-L1 are currently in clinical trials with
cancer patients (44, 45). Similarly, the newly-identified
inhibitory HHLA2 pathway permits new therapies for
human cancers, autoimmune disorders, infection, and trans-
plant rejection.

[0101] The HHLA2 expression results in normal and
cancerous tissues 1ndicate that targeting HHILLA2 can be a
way to deliver drugs and antibodies to cancers. For example,
molecules which can bind HHLA?2 protein, such as anti-
HHILLA2 antibody or antibody-drug conjugate (ADC) and
HHILAZ2 receptors or receptor-drug conjugates, can be used
to treat human cancers which express HHILLA2. In addition,
HHILLA2 expression can be used as a diagnostic marker for
many cancers. Because most normal tissues do not express
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HHILA2, but most human cancer do express HHLLA2, then
HHILA2 expression can be used as a diagnostic marker for
many cancers.

Materials and Methods

[0102] Biomformatic analysis. BLAST was used to search
public databases with protein sequences. Sequence align-
ment and homology comparison were done with MacVector
10.6. The phylogenetic tree was generated by PAUP
(4.0b10) using sequence alignment by removal of significant
mserts and trimming C- and N-terminal extensions (31).
Motifs and domains were analyzed with EMBL-EBI tools,

SMART, and CBS Prediction.

[0103] Mice and cells. BALB/c mice were purchased from
the National Cancer Institute and maintained under specific
pathogen-iree conditions. Human PBMCs were 1solated by
Ficoll-Hypaque gradient centrifugation. All protocols were
reviewed and approved by the Albert Einstein College of
Medicine Institutional Animal Care and Use Committee and
Institutional Review Board. Cell lines were cultured in

complete DMEM or RPMI11640 media.

[0104] Production and purification of fusion proteins.
HHILA2-Ig and B7x-Ig proteins were prepared by fusing the
coding region of the extracellular domain without signal
peptide of human HHLA2 or B7x to a human IgG1 Fc tag
of plasmid pMT/B1P V2 as described (23). The pMT/B1P V2
construct itself produced human IgG1 Fc tag as a control. All
constructs were co-transfected into Drosophila cell line S2
with a hygromycin resistance plasmid, and the stable trans-
tected cell lines were induced to secrete fusion proteins 1n
Express Five serum-free medium (LifeTechnologies). Pro-
teins were purified on Protein G Plus Agarose columns
(Pierce) and then FPLC. The purity and identity of fusion
proteins were confirmed by SDS-PAGE, Western blotting,
and protein sequencing with MALDI-TOF-MS/MS.

[0105] Retrovirus constructs and cell line transfectants.
HHLA2-YFP fusion protein construct was generated by
using PCR to amplily the coding sequence of HHLA2
without the stop codon and then cloned into the Bgl II site
of the L50-YFP/MSCYV vector. CTLA-4 1n L50-FYP/MSCV
vector was reported previously (46). The coding sequences
of human CD28, PD-1, ICOS, B7-1, B7-2, B7h, PD-L1,
PD-1.2, B7-H3, and B7x were cloned into Xhol/Notl or
Xhol/EcoRlI sites of MSCV vector. The coding sequence of
human CTLA-4 without a cytoplasmic tail was cloned into
an MSCYV vector as well. All vectors were used to generate
retrovirus and then transiected into cell lines 313 or CT26

cell lines. Positive cell line transfectants were sorted out by
FACS using specific mAbs or YFP as a marker.

[0106] Generation of monoclonal antibodies to human
HHILA2. Hybridomas producing mAbs to human HHLA2
were generated by standard techniques from splenocytes of
HHLA2-Ig-immunized BALB/c mice fused to NSO
myeloma cells. Four independent clones, 566.1 (IgG1),
351.7 (1gGl), 457.23 (IgGl), and 205.1 (IgGl) were
selected by ELISA as their mAbs recognized HHLA2-Ig,
but not controls including B7x-Ig, B7-H3-Ig, and normal
human IgG. After this preliminary screening, specificity of
mAbs were further determined by FACS positive staining of
a 313 transtectant expressing HHLA2-YFP but negative
staining of transiectants expressing other human B7s (B7-1,
B7-2, B7g, PD-L1, PD-L2, B7-H3, and B7x) and human
CD28 family members (CD28, CTLA-4, ICOS, and PD-1).
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mAbs were purified by Protein G Plus Agarose columns and
biotinylated with EZ-Link Sulfo-NHS-Biotin kit (Thermo

Scientific).

[0107] Antibodies and flow cytometry. Cells were incu-
bated with Fc blocking reagents and then stained with
combinations of the following anti-human antibodies:
CD152-PE, CD28-PE, B7-1-PE, B7-2-PE, PD-1-PE, PD-L1
-PE, PD-L2-PE, ICOS-PE, ICOSL-PE, B7H4-PE, CD14-
FITC, CD19-FITC, CD8a-Percp-Cy3.5, CD4-APC, CDS83-
APC, streptavidin and 1sotype controls (eBioscience). Bioti-
nylated anti-hB7-H3 was purchased from R&D. For
receptor binding, cells were incubated with HHLAZ2-Ig,
B’7x-1g, or control Ig for 45 min on 1ce and then stained with
PE-anti-human IgG Fc (Jackson Immunoresearch). Samples
were acquired on a FACSCalibur, LSRII or LSRII yellow

(BD Biosciences), and analyzed with Flowlo (Treestar).

[0108] Human antigen-presenting cells and activation.
Human CD19+ B cells and CD14+ monocytes in PBMCs
were activated as previously described (38). B cells were
activated by IFN-v (100 ng/ml, eBioscience) and LPS (60
ug/ml, sigma) for three day, and monocytes were stimulated
by IFN-y (100 ng/ml) and LPS (100 ng/ml) for three days.
DCs were generated from human blood monocytes (47).
Monocytes from PBMCs were incubated with completed
RPMI1640 containing 10% human serum AB (Atlanta Bio-
logical), human GM-CSF (100 ng/ml, R&D) and human
IL-4 (50 ng/ml) for six days to generate immature DCs.
These immature DCs were further stimulated with LPS (1
ug/ml) and IFN-y (100 ng/ml) for two days to generate
mature DCs.

[0109] Human T cell coinhibition assay. Human T cells
were purified from PBMCs with CD2 Microbeads (Milteny1
Biotec) and incubated (2x10°/well) with different concen-
trations (0.1-10 ug/ml) of plate-bound anti-CD3 (OKT3,
c¢Bioscience) for three days. The T cell proliferation was
determined by MTT assay and plates were read at 570 nm.
T cells from different donors needed diflerent concentrations
of ant1-CD3 to achieve the middle level of proliferation.
After determining the suitable anti-CID3 concentration for
cach donor T cells, 96-well flat-bottom plates were pre-
coated with anti-CD3, HHLA-2-Ig, control Ig, or B7x-Ig 1n
PBS at 4° C. overnight. Wells were washed and incubated
with purified T cells for three days. T cell proliferation was
then measured with MTT assay. For the CFSE (Sigma)
labeled proliferation assay, CFSE-labeled human T cells
were incubated with plate-bound anti-CD3, HHLA-2-Ig,
control Ig, or B7x-Ig for five days, and stained with anti-
CD4 and ant1-CDS8 for flow cytometry.

[0110] Cytokine analysis. Aliquots of supernatants were
collected at 70 h after imitiation of T cell cultures. Thl/Th2/

Th9/Th17/Th22 13plex FlowCytomix Multiplex (eBiosci-
ence) was used for the measurement of human IFN-y, IL-1
B, IL-2, 1L-4, IL-5, IL-6, IL-9, IL-10, IL-12 p'70, IL-13,
IL-17A, IL-22, and TNF-a. according to the manufacturer’s
instructions.

[0111] Confocal microscopy. Cells were seeded on glass
bottom microwell dishes (MatTek Corp.) for 48 h and then

were observed by using Leica SP2 confocal microscopy.

[0112] Statistics. Statistical significance was calculated
with the paired- or unpaired t-test using Prism software
version 4.0b (GraphPad). A p value of <0.05 was considered
statistically significant.
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SEQUENCE LISTING

Sequence total quantity: 4

SEQ ID NO:
FEATURE

SOuUrce

SEQUENCE :

MKAQTALSFEFE
IHWKYQDSYK
CYVGTAIQVI
ENNMEETGSL
LSCQPVNDYF
SMNLMDLNLS
LIWSVKCCRA

SEQ ID NO:
FEATURE
source

SEQUENCE :

RSLAFEFIYVP
QDPRYANRTS
PVMKYEKRNT
SNSSYECTIE
KSGTESVLAY
YTLLTIHTVH
KDTLMISRTP
VLHODWLNGK
LVKGFYPSDI
MHEALHNHYT

SEQ ID NO:
FEATURE

SOl Yrce

SEQUENCE :

atgaagttat
ttggctttet
gatataattc
caagatagct
cccagatatg
ctatttttca
gcaattcaag
atgaagtatg
cctegtcecaa
gaaacagggt
tcatcttatg
acgatgaaag
gtaaatgatt
gggactttct

1

LILITSLSGS
VHSYYKGSDH
TNKVVLEKVGY
DSESINSPLN
SPNODFKVTW
DSGEYLCNIS
QLEARRSRHP

2

MNEQIVIGRL
LEYNEIQNGN
NSFLICSVLS
NSLLKOTWTG
YLSSSQNTII
VEPSQETASG
EVTCVVVDVS
EYKCKVSNKA
AVEWESNGOP
QKSLSLSPGK

3

gcatattact
tcatttatgt
tcccttettce
ataaggttca
caaacaggac
gaagagtaag
tgattacaaa
aaaagaggaa
ttatcacgtg
ctttggattc
aatgtacaat
atggccttca
atttttcacc
ctgtcctyggc

moltype =

AA  length

Location/Qualifiers

1..415
mol type
organism

protein
synthetic

QGIFPLAFFI YVPMNEQIVI

LESQDPRYAN
FLTPVMKYEK
ITGSNSSYEREC
SRMKSGTESV
SDEYTLLTIH
ADGAQQERCC

moltype =

RTSLEYNEIQ
RNTNSEFLICS
TIENSLLKOQT
LAYYLSSSQON
TVHVEPSQET
VPPGERCPSA

AA length

Location/Qualifiers

1..560
mol type
organism

DEDIILPSSFE
ASLFFRRVSL
VYPRPIITWK
RWTMKDGLHK
NESRESWNKE
GRSKTSGSEP
HEDPEVKENW
LPAPIEKTIS
ENNYKTTPPV

moltype =

protein
synthetic

ERGSEVV IHW
LDEGIYTCYV
MDNTPISENN
MOSEHVSLSC
LINOQSDFSMN
KSCDKTHTCP
YVDGVEVHNA
KAKGOPREPQ
LDSDGSEFFLY

DNA

Location/Qualifiers

1..1734
mol type
organism

ggccgtegtyg
tcctatgaat
atttgagagg
tagttactac
atcccttttc
ccttcectggac
caaagtggtg
cacaaacagc
gaaaatggac
CCCttctatt
tgaaaattca
taaaatgcaa
aaaccaagac
ttactatctyg

other DNA
synthetic

gectttgttyg
gaacaaatcg

ggatccgaag
aaaggcagtg
tataatgaga
gaaggaattt
ctaaaggtgg
Cttcttaatat
aacacaccta
aacagcccac
ctgctgaagc
agtgaacacg
ttcaaagtta
agctcctcac

length

415

construct

GRLDEDIILP
NGNASLEFFRR
VLSVYPRPII
WTGRWTMKDG
TIINESREFSW
ASHNKGLWIL
PDNGEENVPL

= 560

construct

KYQDSYKVHS
GTAIQVITNK
MEETGSLDSFE
QPVNDYFEFSPN
LMDLNLSDSG
PCPAPELLGG
KTKPREEQYN
VYTLPPSREE
SKLTVDKSRW

= 1734

construct

gcctcecteget
tcattggaag
tcgtaataca
accatttgga
ttcaaaatgg
acacctgcta
gagtttttet
gcagcgtgtt
tctctgaaaa
tgaatattac
aaacatggac
CCttcactctc
cttggtccag
aaaatacaat
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with survival benefit: recent successes and next steps.
Nat Rev Cancer 11(11):805-812.

[0155]

43. Hodi F S, et al. (2010) Improved survival

with 1pilimumab in patients with metastatic melanoma.

N Engl J Med 363(8): 711-723.
44. Topalian S L, et al. (2012) Safety, activity,

[0156]

and immune correlates of anti-PD-1 antibody in cancer.
N Engl J Med 366(26):2443-2454.

[0157]

45. Brahmer J R, et al. (2012) Safety and activity

of anti-PD-L1 antibody in patients with advanced can-
cer. N Engl J Med 366(26):2455-2465.

[0158]

46. Pentcheva-Hoang T, .

Hoen J G, Wojnoonski

K, & Allison J P (2004) B7-1 and B7-2 selectively
recruit CTLA-4 and CD28 to the immunological syn-

apse. Immunity 21(3):401-413.
4’7. O’Neill D W & Bhardwaj N (2005) Datler-

[0159]

entiation of peripheral blood monocytes into dendritic
cells. Curr Protoc Immunol Chapter 22:Umt 22F 24,

SSFERGSEVV
VSLLDEGIYT
TWKMDNTPIS
LHKMQSEHVS
NKELINQSDF
VPSAILAAFL
SGKVV

YYKGSDHLES
VVLKVGVELT
SINSPLNITG
QDEFKVTWSRM
EYLCNISSDE
PSVFLFPPKP
STYRVVSVLT
MTKNQVSLTC
QOGNVESCSV

cgggagatct
acttgatgaa

ctggaagtat
aagccaagat
gaatgcgtca
tgtaggaaca
cacacccgtg
aagtgtttat
caacatggaa
aggatcaaat
agggcgetgg
atgtcaacct
aatgaaaagt
tatcaatgaa

60

120
180
240
300
360
415

60

120
180
240
300
360
420
480
540
560

60

120
180
240
300
360
420
480
540
600
660
720
780
840
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-continued
tcccgattcet catggaacaa agagctgata aaccagagtg acttctcectat gaatttgatg 900
gatcttaatc tttcagacag tggggaatat ttatgcaata tttcecttcgga tgaatatact 960
ttacttacca tccacacagt gcatgtagaa ccgagccaag aaacagcttcec cggceggceccecge 1020
tctaaaacta gtggatccga gcccaaatct tgtgacaaaa ctcacacatg cccaccgtge 1080
ccagcacctg aactcctggg gggaccgtca gtcttectcet tceccceccecceccaaa acccaaggac 1140
accctcatga tctcecccecggac ccctgaggte acatgcegtgg tggtggacgt gagceccacgaa 1200
gaccctgagg tcaagttcaa ctggtacgtyg gacggcegtgg aggtgcataa tgccaagaca 1260
aagccgceggyg aggagcagta caacagcacyg tacegtgtgg tcagegtcect cacegtectg 1320
caccaggact ggctgaatgg caaggagtac aagtgcaagg tctccaacaa agccecctceccecca 1380
gcececcatcyg agaaaaccat ctccaaagcece aaagggcagce cccgagaacce acaggtgtac 1440
accctgecceccee catcceccecggga ggagatgacce aagaaccagg tcagcectgac ctgectggte 1500
aaaggcttct atcccagcga catcgecgtyg gagtgggaga gcaatgggca gccggagaac 1560
aactacaaga ccacgcctcecc cgtgcectggac tceccgacggcet ccttcecttect ctatagcaag 1620
ctcaccgtgg acaagagcag dgtggcagcag gggaacgtct tctcatgctcec cgtgatgcat 1680
gaggctctgce acaaccacta cacgcagaag agcctctcecece tgtctceccggg taaa 1734
SEQ ID NO: 4 moltype = AA length = 11
FEATURE Location/Qualifiers
gource 1..11
mol type = proteiln
organism = Homo sapiens
SEQUENCE :
TTGVYVKMPP T 11

What 1s claimed 1s:

1. A method of attenuating HHL A2 1mnhibition of a CD4
cell proliferation or of a CD8 T cell proliferation orof a T

cell cytokine production 1n a subject comprising adminis-
tering an anti-HHL A2 antibody, or HHLA2-binding frag-
ment thereot, to the subject.

2. The method of claim 1, wherein the CD4 cell prolit-
eration or a CD8 T cell proliferation 1s TCR-mediated.

3. The method of claim 1, wherein the CD4 cell prolit-
eration 1s attenuated or inhibited.

4. The method of claim 1, wherein the CDS8 cell prolit-
eration 1s attenuated or inhibited.

5. The method of claim 1, wherein the T cell cytokine
production 1s attenuated or inhibited.

6. The method of claim 1, wherein the HHILLA2 to which
the anti-HHL A2 antibody 1s directed 1s a human HHLA?2
protein.

7. The method of claim 6, wherein the HHLLA2 protein
comprises consecutive amino acid residues having the
sequence set forth in SEQ ID NO:1.

8. The method of claim 1, wherein the antibody 1s a
humanized antibody, a chimeric antibody or an isolated
human antibody.

9. The method of claim 1, wherein the antibody 1s a
monoclonal antibody.

10. The method of claim 1, wherein the anti-HHL A2
antibody or HHLA2-binding fragment 1s conjugated to a
cytotoxic agent, an anti-cancer drug or a chemotherapeutic
agent.
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