10

15

20

25

30

TITLE OF THE PRESENT INVENTION

Cl0RF32 ANTIBODIES, AND USES THEREOF FOR TREATMENT OF CANCER

FIELD OF THE PRESENT INVENTION

'This invention relates in at least some aspects to C1ORF32-specific antibodies,
antibody fragments, conjugatcs, alternative scaffolds, compositions comprising same, and

uses thereof, for treatment of cancer.

BACKGROUND OF THE PRESENT INVENTION

T-cell activation plays a central role in driving both protective and pathogenic
immune responses, and it requires the completion of a carefully orchestrated series of
specific steps that can be preempted or disrupted by any number of critical events. Naive T
cells must receive two independent signals from antigen-presenting cells (APC) in order to
become productively activated. 'The first, Signal 1, is antigen-specific and occurs when I
cell antigen receptors encounter the appropriate antigen-MHC complex on the APC. This
signal is necessary but not sufficient for the determination of the faith of the immune
responsc. This is determined by a sccond, antigen-independent signal (Signal 2) which is
delivered through a T cell costimulatory molecule that engages its APC-expressed ligand.
This second signal could be either stimulatory (positive costimulation) or inhibitory
(negative costimulation or coinhibition). In the absence of a costimulatory signal, or m the
presence of a coinhibitory signal, T-cell activation is impaired or aborted, which may lead
to a state of antigen-specific unresponsiveness (known as T-cell anergy), or may result in T-
cell apoptotic death.

Costimulatory molecule pairs usually consist of ligands expressed on APCs and their
cognate receptors expressed on ‘1 cells. The prototype ligand/receptor pairs of costimulatory
molccules are B7/CD28 and CD40/CD40L.

Tumor cells often cxpress negative costimulatory molecules and thus take advantage
of the immunomodulatory activily of these molecules to evade immune surveillance. Such
tumor expressed B7s serve as tumor-associated antigens (I'AAs) and have become altractive
cancer hiomarkers as well as drug largets for active (vaccination) and passive (anlibody-
mediated) cancer immunotherapy providing slrategies lo break immune tolerance and

stimulale the immunc system.
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Cancer vaccination involves the administration of lumor antigens and is used to break
immune tolerance and induce an active T-cell response to the tumor. Vaccine therapy
includes the use of naked DNA, peptides, recombinant protein, and whole cell therapy,
where the patient’s own tumor cells are used as the source of the vaccine.

The applications of anti-TAA antibodies for treatment of cancer include therapy with
naked antibody, therapy with a drug/toxin-conjugated antibody, adoptive immunotherapy
and fusion therapy with cellular immunity (development of cytotoxic T-lymphocyte (CTL)
or natural killer (NK)-cell populations with anti-TAA antibody activity). The antigenic
epitopes that are targeted by these therapeutic approaches are present at the cell surface,
overexpressed in tumor cells compared to non-tumor cells, and are targeted by antibodies
that block functional activity, inhibit cell proliferation, or induce cell death.

Negative regulators of the immune system, called immune checkpoints, play critical
roles in maintenance of tolerance to self-antigens. Immune checkpoints are used by the
tumor and become barriers to generating effective tumor immunity, playing important roles
in restraining otherwise effective anti-lumor immunologic responses. Several immune
checkpoints are negative costimulatory proteins, members of the B7/CD28 family of
immune regulators. Immunomodulatory antibody therapies that target these negative
regulator checkpoints, such as those directed against CTILA4 and PD-1, have demonstrated
promising clinical results.

Passive immunotherapy strategies are well established in oncology and involve
passive transfer of anti-cancer monoclonal antibodies as targeted therapy. In contrast, active
immunotherapy sirategies are aimed to elicit the body’s anti-tumor immunity, and have only
recently began to show success in treatment of cancer. Aclivating the immune system for
therapeutic benefit in cancer has long been a goal in oncology. Among several aclive
immunotherapy approaches, immunomodulatory antibody therapy refers to the use of
monoclonal antibodies that directly enhance the function of components of the anti-tumor
immune response, such as I cells, or block immunologic checkpoints that would otherwise
restrain cffective  anti-lumor immunity. Recently this strategy, also named immune
regulatory antibodies, has finally gained prool of concept in clinical trials. ‘The blockade of
immune checkpoints seems to unleash the potential of the anti-lumor immune response in a
[ashion that is transforming human cancer therapeutics. Most notably is the ability of the
anli-CTLA4 antibody, Ipilimumab, to achieve a significant increase in survival for patients

wilh melastatic melanoma, for which conventional therapics have failed. Substantial clinical
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responses have also been obtained in patients treated with an anti-PD-1 antibody,
MDX1106.

Highly immunogenic tumors, such as malignant melanoma, are most responsive to
immune system manipulation, and thus many of these treatment modalities have been first
applied to patients with melanoma. ITowever, numerous ongoing clinical studies are geared
at targeting a variety of tumors by combining agents that target immune checkpoints with
other more conventional approaches such as targeted therapy, chemotherapy and
radiotherapy, or with other novel immunotherapeutic approaches, including therapeutic
cancer vaccines. Extensive preclinical data has indeed shown that therapeutic agents that
result in tumor cell death liberate (umor antigens and provide the right [uel lor checkpoint-
blocking antibodies even in poorly immunogenic tumors, leading to impressive therapeutic
synergy among such agents. Similar observations were obtained in multiple preclinical
studies, demonstrating thc synergistic cfficacy of therapecutic cancer vaccines and
checkpoint blockade.

Such agents could be administered in conjunction with tumor-specific antigens, as an
adjuvant that serves to enhance the immune response to the antigen in the patient. In
addition, such agents could be of use in other types of cancer immunotherapy, such as
adoptive immunotherapy, in which tumor-specific T cell populations are expanded and
directed to attack and kill umor cells. Agents capable of augmenting such anti-tumor
response have great therapeutic potential and may be of value in the attempt to overcome
the obstacles to tumor immunotherapy.

Regulating costimulation using agonists and antagonists to various costimulatory
proleins has been exlensively studied as a strategy [or (reating autoimmune diseases, grall
rejection, allergy and cancer. This field has been clinically pioneered by CTLA4-Ig
(Abatacept, Orencia®) that is approved for treatment of RA, and by the anti-CTLA4
antibody (Ipilimumab, Yervoy®), recently approved for the treatment of melanoma. Other
costimulation regulators are currently in advanced stages of clinical development including
anti PD-1 antibody (MDX-1106) which is in development for (reatment of
advanced/melastatic clear-cell renal cell carcinoma (RCC) and anti-CD40L  Antibody
(BG9588, Antova®) for treatment of renal allograft transplantation. Furthermore, the
accumulating evidence linking regulation of costimulation and various types of infections
support a promising potential for such agents as therapy for infectious diseases. In
accordance with this, such agents are in clinical development for viral infections, for

example the anti PD-1 Ab, MDX-1106, is being tested for treatment of hepatitis C. Another
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example is CP-675,206 (lremelimumab) and anti-CTLA4 Ab is in a clinical trial in hepatitis
C virus-infected patients with hepatocellular carcinoma.

Accumulations of inducible regulatory T cells (iTregs) are commonly seen in many
tumors, and form the major subset of immune suppressor cells in the tumor tssue. Tregs
creale an immunosuppressive environment and regulate anti-tumor immunity, and thus
represent a major tumor resistance mechanism from immune surveillance. iTregs are
therefore viewed as important cellular targets for cancer therapy.

In addition (o their function in dampening effector T cell responses, mulliple
immune-checkpoint receptors, such as CTLA4 and PD-1, and others like TIM3 and LAG3,
are expressed at high levels on the surface of iTregs and directly promote Treg cell-
mediated suppression of effector immune responses. Many of the immune-checkpoint
antibodies in clinical testing most likely block the immunosuppressive activity of i'fregs as
a mechanism of enhancing anti-tumor immunity. Indeed, two important factors in the mode
of action of CTLA4 blockade by ipilimumab are the enhancement of effector T cell activity,
and inhibition of Treg immunosuppressive activity.

Several strategies, used alone or in combination with conventional (reatments or
immunotherapies, are in development in order to disarm iTregs and restore anlitumor
functions of effector T cells.

B cells play a critical role in recognition of foreign antigens and they produce the
antibodies necessary to provide protection against various type of infectious agents. T cell
help o B cells is a pivotal process of adaptive immune responses. Follicular helper T (Tfh)
cells are a subset of CD4+ T cells specialized in B cell help (reviewed by Crotty, Annu.
Rev. Immunol. 29: 621-663, 2011). Tlh cells express the B cell homing chemokine
receplor, CXCRS, which drives Tth cell migration into B cell follicles within lymph nodes
in a CXCL13-dependent manner. The requirement of Tth cells for B cell help and T cell-
dependent antibody responses, indicates that this cell type is of great importance for
prolective immunity against various types of infectious agents, as well as for rational

vaccine design.

BRIEF SUMMARY OF THE PRESENT INVENTION
Despite recent progress in the understanding of cancer biology and cancer treatment,

the success rate Jor cancer therapy remains low. Therelore, there is an unmet need for new
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therapies which can successfully treat cancer, such as for example, specific blocking
antibodies, which have a therapeutic application in stimulating the immune system against

{umors.

By “blocking antibody” it is meant any antibody that binds to a particular protein or
epilope on a protein, and then optionally blocks interactions of that protein with one or more

other binding partners.

According to at least some embodiments, the present invention provides monoclonal
and/or polyclonal antibodies and antigen binding fragments and/or alternative scaffolds
and/or conjugates and/or immunoconjugates containing same that specifically bind any one
of C10RF32 (ILDR2) proteins, selected from the group consisting of any one of SEQ ID
NOs: 1, 7, 9, 13, 17, 103, and/or their comresponding extracellular domains, selected from
the group consisting of any one of SEQ ID NOs: 14, 10, 11, 15, and/or fragments, and/or
epitopes thereol, wherein these antibodies are adapted to be used as therapeutic and/or
diagnostic agents (both in vitro and in vivo diagnostic methods), particularly for treatment
and/or diagnosis of cancer and malignancies, wherein the cancer 1S non-metastatic, invasive
or melastatic. As used herein, the term ‘“antibody” may optionally refer to any of the
following (and also optionally combinations of the following): monoclonal and/or
polyclonal antibodics and antigen binding fragments and/or altcrnative scatfolds and/or

conjugates and/or immunoconjugates.

Surprisingly, C |ORF32-Ig protein was shown to enhance-the differentiation of CD4
T cells (o iTregs, suggesting that the C1ORF32 pathway is involved in iTregs induction and
differentiation. According to at least some embodiments of the present invenlion, largeling
C1ORF32 with blocking monoclonal antibodies inhibits iTregs accumulation and
immunosuppressive function. According to at least some embodiments of the present
invention, such blocking C1ORF32 antibodies enhance effector T cell activity. According Lo
at least some embodiments, the present invention provides blocking antibody that
specifically binds any one of CIORF32 (JLDR2) proteins, selected from the group
consisting of any one of SFQ ID NOs: 1, 7, 9, 13, 17, 103, and/or their corresponding
extracellular domains, selected from the group consisting of any one of SEQ ID NOs: 14,
10, 11, 15, and/or fragments, and/or epitopes thereof, may optionally and preferably be
specilically applied to cancer immunotherapy, alone or in combination with a potentiating

agenl(s), which increase an endogenous anli-tumor responses.
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Furthermore, surprisingly, it-has been found that an antibody that specifically binds
any one of CIORF32 (ILDR2) proteins, selected from the group consisting of any one of
SEQID NOs: 1, 7,9, 13, 17, 103, and/or their corresponding extracellular domains, selected
from the group consisting of any one of SEQ ID NOs: 14, 10, 11, 15, and/or fragments,
and/or epilopes thereof, may optionally and preferably be specifically applied to treatment
of certain cancers, against which such an antibody demonstrates particular efficacy.
Pharmaceutical compositions comprising such an antibody, in conjunction with a

pharmaceutically acceplable carrier, are also provided herein.

Furthermore, surprisingly, it has been found that said antibody demonsirates
particular efficacy in specific cancers, including cancers in which CIORF32 is expressed on
malignant cells, immune cells infiltrating into the tumor (such as T-cells, B-cell,
macrophages, myeloid derive suppressor cells, mast cells) and/or stromal tumor cells.
CIORF32 expression on any of the cells listed above could be either present prior to

treatment by standared of care agents or induced post (reatment.

Such specific cancers include any one or more of Thyroid Carcinoma, squamous cell
carcinoma of the esophagus; breast carcinoma, breast comedocarcinoma, breast invasive
ductal carcinoma, breast Medullary Carcinoma, ovarian carcinoma, ovarian Papillary
Scrous and Mucinous cancer, ovarian Granular ccll tumour, Surface epithclial-stromal
tumor (Adenocarcinoma) ol the ovary, ovarian cystadenocarcinoma, ovarian Endometrioid
tumor; kidney cancer, kidney Clear cell carcinoma, kidney Chromophobe adenoma, kidney
sarcomatoides carcinoma, Prostate adenocarcinoma, Benign prostatic hyperplasia,
Hepatocellular carcinoma, malignant hepatoma, fibrolamellar of the liver, pseudoglandular
(adenoid) of the liver, pleomorphic (giant cell) of the liver, clear cell carcinoma of the liver,
Cholangiocarcinoma, Pancreas cancer, Ductal and Mucinous Adenocarcinoma of the
pancreas, Islet cell carcinoma, familial atypical multiple mole melanoma-pancreatic cancer
syndromc (FAMMM-PC), Exocrinc pancrcas cancer, ductal adcnocarcinoma of the
pancreas, pancreas denosquamous carcinoma, pancreas signet ring cell carcinoma, pancreas
hepatoid carcinoma, pancreas colloid carcinoma, pancreas undifferentiated carcinoma,
undifferentiated carcinoma with osleoclast-like giant cells of the pancreas, Low- (o
intermediate-grade neuroendocrine carcinoma of the pancreas, pancreatic carcinoid tumor;
Malignant melanoma; bone sarcoma, cartilage sarcoma, soft tissuc sarcoma, Lymphoma,
Uterine cancer, Bladder cancer, Lung cancer, testicular seminoma, Colo-rectal cancer, and

spinal cord tumor. wherein:
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1. Thyroid Carcinoma preferably comprises one or more of Thyroid Papillary Carcinoma,
Thyroid Follicular Carcinoma (preferably stage II and III), incidental papillary carcinoma

(IPC), Medullary thyroid cancer, Anaplastic thyroid cancer.

2. Breast carcinoma preferably comprises Invasive Ductal Carcinoma, preferably stage II to
IV and/or poorly differentiated Invasive Ductal Carcinoma, comedocarcinoma and

Mcdullary Carcinoma, preferably Gradc 2.

3. Ovarian carcinoma preferably comprises one or more of Papillary Serous and Mucinous
(preferably stages Ic to IIIb), Granular cell tumour, Surface epithelial-stromal tumor

(Adenocarcinoma), cystadenocarcinoma and Endometrioid tumor.

4. Kidney (renal) cancer preferably comprises one or more of Clear cell carcinoma

(preferably stage I to 1T), Chromophobe adenoma, sarcomatoides carcinoma.

5. Prostate adenocarcinoma preferably comprises any suitable stage of prostate
adenocarcinoma, preferably stage 1 to III, Benign prostatic hyperplasia, or prostate
adenocarcinoma having a Gleason score of S or higher. In one particular embodiment, the

prostate adenocarcinoma is selected from Gleason scores 5 or higher.

6. Hepatocellular carcinoma (IHCC) preferably comprises onc or more of stage 11 and 111
hepatocellular carcinoma, malignant hepatoma, fibrolamellar, pseudoglandular (adenoid),

plcomorphic (giant cell) and clear cell HCC and Cholangiocarcinoma.

7. Pancreatic cancer preferably comprises one or more ol Ductal and Mucinous
Adenocarcinoma, Islet cell carcinoma, familial atypical multiple mole melanoma-pancreatic
cancer syndrome (FAMMM-PC), Exocrine pancreas cancers, ductal adenocarcinoma,
denosquamous carcinomas, signet ring cell carcinomas, hepatoid carcinomas, colloid
carcinomas, undifferentiated carcinomas, and undifferentiated carcinomas with osteoclast-
like giant cells, Low- o intermediale-grade neuroendocrine carcinomas and pancreatic

carcinoid tumors.

8. Malignant melanoma prelerably comprises stage IV malignant melanoma and/or one or
more of Lentigo maligna entigo maligna melanoma, Superficial spreading melanoma,
Acral lentiginous melanoma. Mucosal melanoma, Nodular melanoma, Polypoid melanoma.

Desmoplastic melanoma, Amelanotic melanoma and Solt-tissue melanoma.



10

15

20

25

30

9. Sarcoma preferably comprises one or more of sarcomas of bone, cartilage and of soft
tissue including but not limited to Osteogenic sarcoma, Chondrosarcoma, I.eiomyosarcoma,
Angiosarcoma, Askin's Tumor, Ewing's sarcoma, Kaposi's sarcoma, Liposarcoma,

Malignant fibrous histiocytoma, Rhabdomyosarcoma and Neurofibrosarcoma.

10. Lymphoma preferably comprises one or more of Hodgkin's lymphoma (Nodular
sclerosing, Mixed-cellularity subtype, Lymphocyte-rich or Lymphocytic predominance,
Lymphocyte depleted and Unspecified), B-cell Lymphoma (Diffuse large B cell lymphoma,
Follicular lymphoma, Mucosa-Associated Lymphatic Tissue lymphoma (MALT), Small
cell lymphocytic lymphoma, Burkitt lymphoma, Mediastinal large B cell lymphoma,
Waldenstrdm macroglobulinemia, Nodal marginal zone B cell lymphoma (NMZL), Splenic
marginal zone lymphoma (SMZL), Intravascular large B-cell lymphoma, Primary etfusion
lymphoma, Lymphomatoid granulomatosis), Mantle cell lymphoma (MCL), T-cell
Lymphoma (Extranodal T cell lymphoma, Cutaneous T cell lymphomas: Sézary syndrome
and Mycosis fungoides, Anaplastic large cell lymphoma, Angioimmunoblastic T cell

lymphoma).

11. Uterine cancer preferably comprises uterine cancer is selected from Endometroid

Adenocarcinoma (preferably stages 1 to Illc).

12. Bladder cancer preferably comprises Transitional Cell carcinoma (preferably stage II to
V).

13. Lung cancer preferably comprises Small Cell Lung Cancer (preferably stage 1, to 111b),
Non Small Cell Lung Cancer (preferably poorly to moderalely differentiated squamous and

adeno carcinoma) and Large-cell carcinoma.

14. Colo-rectal cancer preferably comprises colon and rectal adenocarcinoma (preferably

Moderate to Poorly Differcntiated).

According to at least some embodiments, [or any of the above described cancers,
optionally each of the above described cancer (ype or subtype may optionally form a
separate embodiment and/or may optionally be combined as embodiments or

subcmbodiments.

According to al least some embodiments, for any of the above described cancers,

methods of treatment and also uses of the antibodies and pharmaceutical compositions
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described herein are provided wherein the cancer expresses CI1ORF32 polypeptides
comprised in SEQ ID NOs: 1,7, 9, 13, 17, 103, and/or their corresponding extracellular
domains, selected from the group consisting of any one of SEQ ID NOs: 10, 14, 11, 15,
and/or fragments, and/or epitopes thereof, on the cancer cells or in the immune cells

infiltrating the tumor.

As used herein, when the term “epitopes thercof” appears, it may optionally and

without limitation refer to epitopes as embodied in SEQ ID NOs 2, 3, 5, or 0.

According to at least some embodiments, the present invention provides a
pharmaceutical composition comprising monoclonal and/or polyclonal antibodies and/or
antigen binding fragments that specifically bind any one of C1ORF32 proteins, selected
from the group consisting of any one of SEQ ID NOs: 1, 7, 9, 13, 17, 103, and/or their
corresponding extracellular domains, selected from the group consisting of any one of SEQ
ID NOs: 14, 10, 11, 15, and/or [ragments, and/or epitopes thereol, lor (reatment ol cancer
and malignancies, optionally wherein the cancer is non-metastatic, invasive or metastatic.
Optionally for any application or use described herein, any of the described monoclonal

antibodies may be used.

According to at least some embodiments, there is provided a monoclonal or
polyclonal antibody or an antigen binding fragment thereof comprising an antigen binding

site that binds specifically to any of SEQ ID NOS: 2, 3.5, 6.

According to at least some embodiments, there is provided a monoclonal or
polyclonal antibody or an antigen binding fragment thereof comprising an antigen binding
site that binds specifically to any one of the C1ORF32 polypeptides having the sequence of
any onc of SEQ ID NOs: 1, 7-10, 11, 13-15. 17, 103, and/or fragments, and/or cpitopes
thereof, adapted for treatment of cancer, wherein the cancer is selected from the group
consisting of Thyroid Carcinoma. carcinoma of the esophagus. Invasive Ductal breast
Carcinoma, breast comedocarcinoma, breast Medullary Carcinoma Grade 2, ovarian cancer
selected from the group consisting of Serous and Mucinous, Granular cell tumor, Surface
epithelial-stromal tumor (Adenocarcinoma), cystadenocarcinoma and I“ndometrioid tumor;
kidney cancer selected from the group consisting of Clear cell carcinoma, Chromophobe
adenoma, and sarcomaltoides carcinoma: prostale adenocarcinoma having a Gleason score
of 5 or higher, stage T to 11T prostale adenocarcinoma. 13enign prostatic hyperplasia. stage 11
and 11 hepatocellular carcinoma, malignant hepatoma, [ibrolamellar hepatocellular

9
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carcinoma, pseudoglandular (adenoid) hepatocellular carcinoma, pleomorphic (giant cell)
hepatocellular carcinoma, clear cell HCC, Cholangiocarcinoma, pancreas cancer selected
from Ductal and Mucinous Adenocarcinoma, Islet cell carcinoma, familial atypical multiple
mole melanoma-pancreatic cancer syndrome (FAMMM-PC), Exocrine pancreas cancers,
ductal adenocarcinoma, denosquamous carcinomas, signet ring cell carcinomas, hepatoid
carcinomas, colloid carcinomas, undifferentiated carcinomas, and undifferentiated
carcinomas with osteoclast-like giant cells, Low- to intermediate-grade neuroendocrine
carcinomas and pancreatic carcinoid lumors, stage IV malignant melanoma, Lentigo
maligna melanoma, Superficial spreading melanoma, Acral lentiginous melanoma, Mucosal
melanoma, Nodular melanoma, Polypoid melanoma, Desmoplastic melanoma, Amelanotic
melanoma, Soft-tissue melanoma, Osteogenic sarcoma, Chondrosarcoma, Leiomyosarcoma,
Angiosarcoma, Askin's Tumor, Ewing's sarcoma, Kaposi's sarcoma, Liposarcoma,
Malignant fibrous histiocytoma, Rhabdomyosarcoma, Ncurofibrosarcoma, Hodgkin's
lymphoma, B-cell Lymphoma, Mantle cell lymphoma (MCL), T-cell Lymphoma,
Endometroid Adenocarcinoma, Bladder Transitional Cell carcinoma, Small Cell Lung
Cancer, Non Small Cell Lung Cancer, Large-cell lung carcinoma, lesticular seminoma,

moderate to poorly differentiated Colo-rectal adenocarcinoma, and spinal cord tumor.

According (0 al least some embodiments, there is provided a monoclonal or
polyclonal antibody or an antigen binding fragment thereol comprising an antigen binding

site that binds specifically to any of SEQ ID NOS: 2, 3, 5, 6.

According to at least some embodiments, there is provided a monoclonal antibody

having the amino acid sequence that comprises:

at least one of a light chain variable region comprising a CDRI region comprising the
sequence selected from SEQ ID NO: 52, SEQ ID NO: 68, SEQ ID NO: 84, and SEQ 1D
NO: 100; a CDR2 region comprising the sequence selected from SEQ 1D NO: 53, SEQ ID
NO: 69, SEQ ID NO: 85 and SEQ ID NO: 101; or a CDR3 region comprising the sequence
selected from SEQ ID NO: 54, SEQ ID NO: 70, SEQ 1D NO: 86, and SEQ ID NO: 102, or
a sequence having at least 90% homology thereto, or a sequence having at least 95%

homology thereto: or

al least one of a heavy chain variable region comprising a CDRI region comprising the

sequence selected from SEQ ID NO: 62, SEQ 1D NO: 46, SIEQ D NO: 78, and SEQ 1D

NO: 94; a CDR2 region comprising the sequence selected from SEQ 1D NO: 63, SEQ 1D
10
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NO: 47, SEQ ID NO: 79 and SEQ ID NO: 95; or a CDR3 region comprising the sequence
selected from SEQ ID NO: 64, SEQ ID NO: 48, SEQ ID NO: 80, and SEQ ID NO: 96, or a
sequence having at least 90% homology thereto, or a sequence having at least 95%

homology thereto.
Optionally, for example in some optional embodiments, the antibody comprises:

at least one light chain variable region comprising a CDRI region comprising the sequence
selected from SEQ ID NO: 52, SEQ ID NO: 68, SEQ ID NO: 84, and SEQ ID NO: 100; a
CDR2 region comprising the sequence selected from SEQ ID NO: 53, SEQ ID NO: 69,
SEQ TD NO: 85 and SEQ ID NO: 101; and a CDR3 region comprising the sequence
selected from SEQ ID NO: 54, SEQ ID NO: 70 SEQ ID NO: 86, and SEQID NO: 102, 0r a
sequence having at least 90% homology thereto, or a sequence having at least 95%

homology thereto; and/or

at least one heavy chain variable region comprising a CDR1 region comprising the sequence
selected from SEQ 1D NO: 62, SEQ ID NO: 46, SEQ ID NO: 78, and SEQ 1D NO: 94; a
CDR2 region comprising the sequence selected from SEQ ID NO: 63, SEQ ID NO: 47,
SEQ ID NO: 79 and SEQ ID NO: 95; and a CDR3 region comprising the sequence selected
from SEQ ID NO: 64, SEQ ID NO: 48, SEQ ID NO: 80, and SEQ ID NO: 96, or a sequence

having at least 90% homology thereto, or a sequence having at leasl 95% homology thereto.
Optionally, for example in some optional embodiments, the antibody comprises:

1) at least one light chain variable region comprising a CDR1 region comprising the
sequence set forth in SEQ ID NO: 52; a CDR2 region comprising the sequence set forth in
SEQ ID NO: 53; and a CDR3 region comprising the sequence set forth in SEQ 1D NO: 54,
or a sequence having at least 90% homology thereto, or a sequence having at least 95%

homology thereto; and/or

2) al least one heavy chain variable region comprising a CDRI region comprising the
sequence set forth in SEQ ID NO: 62; a CDR2 region comprising the sequence set forth in
SEQ I NO: 63; and a CDR3 region comprising the sequence sel forth in SEQ 1D NO: 64,
or a scquence having at Icast 90% homology thereto, or a scquence having at lcast 95%

homology therelo.

Optionally, for example in alternative embodiments, the antibody compriscs:

11
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1) at least one light chain variable region comprising a €DR1 region comprising the
sequence set [orth in SEQ ID NO: 68; a CDR2 region comprising the sequence set forth in
SEQ ID NO: 69; and a CDR3 region comprising the sequence set forth in SEQ ID NO: 70,
or a sequence having at least 90% homology thereto, or a sequence having at least 95%

homology thereto; and/or

2) at lcast onc hcavy chain variable region comprising a CDR1 region comprising the
sequence set forth in SEQ ID NO: 46; a CDR2 region comprising the sequence set forth in
SEQ ID NO: 47; and a CDR3 region comprising the sequence set forth in SEQ ID NO: 48,
or a sequence having at least 90% homology thereto, or a sequence having at least 95%

homology thereto.
Optionally, for example in alternative embodiments, the antibody comprises:

1) at least one light chain variable region comprising a CDRI region comprising the
sequence set forth in SEQ ID NO: 84; a CDR2 region comprising the sequence set forth in
SEQ 1D NO: 85; and a CDR3 region comprising the sequence set forth in SEQ ID NO: 86,
or a sequence having at least 95% homology thereto, or a sequence having at least 90%

homology thereto; and/or

2) at least one heavy chain variable region comprising a CDR1 region comprising the
sequence sel lorth in SEQ ID NO: 78; a CDR2 region comprising the sequence set forth in
SEQ ID NO: 79; and a CDR3 region comprising the sequence set forth in SEQ ID NO: 80,
or a sequence having at least 95% homology thereto, or a sequence having at least 90%

homology thereto.
Optionally, for example in alternative embodiments, the antibody comprises:

1) at least one light chain variable region comprising a CDRI1 region comprising the
sequence set forth in SEQ 1D NO: 100; a CDR2 region comprising the sequence set forth in
SEQ ID NO: 101; and a CDR3 region comprising the sequence set forth in SEQ ID NO:
102, or a sequence having al least 95% homology thereto, or a sequence having at least 90%

homology thereto; and/or

2) at least onc heavy chain variable region comprising a CDR] region comprising the
sequence set forth in SEQ D NO: 94; a CDR2 region comprising the sequence set forth in

SEQ 1D NO: 95; and a CDR3 region comprising the sequence set forth in SEQ ID NO: 96,

12
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or a sequence having at least 95% homology thereto, or a sequence having at least 90%

homology thereto.

Optionally, the antibody has the amino acid sequence of the heavy chain selected
from any one of SEQ ID NOs: 40, 56, 72, 88, and/or the amino acid sequence of the light
chain selected from any one of SEQ 1D NOs: 42, 58, 74, 90, or a sequence having at least
85% homology thereto, or a scquence having at least 90% homology thercto, or a scquence

having at least 95% homology thereto.

Optionally, the antibody has the amino acid sequence of the heavy chain set forth in
SEQ ID NO: 40, and/or the amino acid sequence of the light chain set forth in SEQ ID NO:
42.

Optionally, the antibody has the amino acid sequence of the heavy chain sct forth in
SEQ 1D NO: 56, and/or the amino acid sequence of the light chain set forth in SEQ 1D NO:
58.

Optionally, the antibody has the amino acid sequence of the heavy chain set forth in
SEQ ID NO: 72, and/or the amino acid sequence of the light chain set forth in SEQ ID NO:
74.

Optionally, the antibody has the amino acid sequence of the heavy chain set forth in
SEQ ID NO: 88, and/or thc amino acid sequence of the light chain set forth in SEQ ID NO:
90.

According 10 at least some embodiments, there is provided a monoclonal antibody

having the amino acid sequence encoded by the nucleic acid sequence that comprises:

1) at least one light chain variable region comprising a CDR1 region encoded by a
nucleic acid sequence selected from SEQ 1D NO: 49, SEQ ID NO: 65, SEQ ID NO: 81, and
SEQ ID NO: 97: a CDR2 region encoded by a nucleic acid sequence selected from SEQ ID
NO: 50, SEQ 1D NO: 66. SEQ 1D NO: 82 and SEQ 1D NO: 98; and a CDR3 region
encoded by a nucleic acid sequence selected from SEQ ID NO: 51, SCQ 1D NO: 67, SEQ
ID NO: 83 and SEQ 1D NO: 99, or a degenerative variant thereof; and/or

2) al least one heavy chain variable region comprising a CDRI region encoded by a

nucleic acid sequence selected from SEQID NO: 43, SEQ ID NO: 59, SEQ ID NO: 75, and

13
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SEQ ID NO: 91; a CDR2 region encoded by a nucleic acid sequence selected from SEQ ID
NO: 44, SEQ ID NO: 60, SEQ ID NO: 76, and SEQ ID NO: 92: and a CDR3 region
encoded by a nucleic acid sequence selected from SEQ ID NO: 45, SEQ ID NO: 61, SEQ
ID NO: 77, and SEQID NO: 93, or a degenerative variant thereof.

According to at least some embodiments, there is provided a monoclonal antibody

having the amino acid sequence encoded by the nucleic acid sequence that comprises:

1) at least one light chain variable region comprising a CDR1 region encoded by a nucleic
acid sequence set forth in SEQ ID NO: 49; a CDR2 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 50; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 51; and/or

2) at least one heavy chain variable rcgion comprising a CDR1 region encoded by a nucleic
acid sequence set forth in SEQ 1D NO: 43; a CDR2 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 44; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ 1D NO: 45.

In some embodiments, the antibody is encoded by a nucleic acid sequence that

comprises;

1) at least one light chain variable region comprising a CDR1 region encoded by a nucleic
acid scquence set forth in SEQ ID NO: 65; a CDR2 rcgion encoded by a nucleic acid
sequence set forth in SEQ ID NO: 66; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 67; and/or

2) al least one heavy chain variable region comprising a CDR1 region encoded by a nucleic
acid sequence set forth in SEQ ID NO: 59; a CDR2 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 60; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 61.

In some embodiments, the antibody is encoded by a nucleic acid sequence that comprises:

1) at least one light chain variable region comprising a CDR1 region encoded by a nucleic
acid sequence set forth in SEQ ID NO: 81: a CDR2 region encoded by a nucleic acid
sequence set forth in SEQ 1D NO: 82; and a CDR3 region encoded by a nucleic acid

sequence set forth in SEQ ID NO: 83: and/or
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2) at least one heavy chain variable region comprising a CDR1 region encoded by a nucleic
acid sequence set forth in SEQ ID NO: 75; a CDR2 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 76; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 77.

In some embodiments, the antibody is encoded by a nucleic acid sequence that comprises:

1) at least one light chain variable region comprising a CDR1 region encoded by a nucleic
acid sequence set forth in SEQ ID NO: 97; a CDR2 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 98; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ 1D NO: 99; and/or

2) at least one heavy chain variable region comprising a CDR1 region encoded by a nucleic
acid sequence sct forth in SEQ ID NO: 91; a CDR2 region ecncoded by a nucleic acid
sequence set forth in SEQ ID NO: 92; and a CDR3 region encoded by a nucleic acid
sequence set forth in SEQ ID NO: 93.

Optionally, the antibody has the amino acid sequence of the heavy chain encoded by
a nucleic acid sequence selected from any one of SEQ ID NOs: 39, 55, 71, 87, and the
amino acid sequence of the light chain encoded by a nucleic acid sequence selected from

any one of SEQ 1D NOs: 41, 57,73, 89, or a degeneralive variant thereof.

Optionally, the antibody has the amino acid sequence of the heavy chain encoded by
a nucleic acid sequence set forth in SEQ ID NO: 39, and the amino acid sequence of the

light chain encoded by a nucleic acid sequence set forth in SEQ ID NO: 41.

Oplionally, the antibody has the amino acid sequence of the heavy chain encoded by
a nucleic acid sequence set [orth in SECQ ID NO: 55. and the amino acid sequence of the

light chain encoded by a nucleic acid sequence set forth in SEQ 1D NO: 57.

Optionally, the antibody has the amino acid sequence of the heavy chain encoded by
a nucleic acid sequence set forth in SEQ 1D NO: 71, and the amino acid sequence of the

light chain encoded by a nucleic acid sequence set forth in SEQ 1D NO: 73.

Optionally. the anlibody has the amino acid sequence of the heavy chain encoded by
a nucleic acid sequence set Jorth in SEQ 1D NO: 87, and the amino acid sequence of the

light chain encoded by a nucleic acid sequence set forth in SEQ 1D NO: 89.

—
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Optionally, the antibody comprises CDR amino acid sequences selected from the
group consisting of (a) sequences as listed herein; (b) sequences that differ from those
CDR amino acid sequences specified in (a) by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
conservative amino acid substitutions except for the Serine residue in heavy chain CDR3
at position 100A (Kabat numbering system); (c) amino acid sequences having 90% or
greater, 95% or greater, 98% or greater, or 99% or greater sequence identity to the
sequences specified in (a) or (b); (d) a polypeptide haviﬂg an amino acid sequence
encoded by a polynucleotide having a nucleic acid sequence encoding the amino acids as

listed herein.

Optionally, any of the above antibodies may be secreted by a hybridoma,
transformed with a vector comprising any suitable nucleic acid sequence encoding for

the amino acid sequence, for example as described herein.

Optionally, the antibody is secreted by 5166-2 and/or 5166-9 hybridoma
deposited according to the provisions of the Budapest Treaty with the American Type
Culture Collection (ATCC) Patent Depository 10801 University Boulevard, Manassas,
Virginia 20110-2209 U.S.A., received by the ATCC Receiving Department on January
18 2013, having a Provisional Accession Number: 5166-2 PTA-13472 and/or 5166-9
PTA-13473, respectively.

According to at least some embodiments, there is provided a hybridoma,
deposited according to the provisions of the Budapest Treaty with the American Type
Culture Collection (ATCC) Patent Depository 10801 University Boulevard, Manassas,
Virginia 20110-2209 U.S.A., received by the ATCC Receiving Department on January
18 2013, having a Provisional Accession Number: 5166-2 PTA-13472 and/or 5166-9
PTA-13473, respectively.

According to at least some embodiments, there is provided an antibody produced

by the above hybridoma.

Optionally for any antibody or fragment described herein, the cancer expresses
one or more CIORF32 polypeptides on the cancer cells or in the immune cells
infiltrating cancer cells congregated as a tumor. Optionally said one or more CIORF32
polypeptides comprises one or more of SEQ ID NOs: 1, 7, 9, 13, 17, 103, and/or their
corresponding extracellular domains, selected from the group consisting of any one of

SEQ ID NOs: 10, 14, 11, 15, and/or fragments, and/or epitopes thereof.
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Optionally for any antibody or fragment described herein, the antibody is a fully

human antibody, chimeric antibody, humanized or primatized antibody.

Optionally for any antibody or fragment described herein, the antibody is selected
from the group consisting of Fab, Fab’, F(ab')2, F(ab'), F(ab), F'v or sclFv fragment and

minimal recognition unit.

Optionally, for any antibody or fragment described herein, the antibody may be
bispecific, meaning that one arm of the Ig molecule is specific for binding to the target
protein or epitope as described herein, and the other arm of the Ig molecule has a different
specificity that can enhance or redirect the biological activity of the antibody or fragment. In
this regard, a multi-specific antibody is also considered to be at least bispecific. The

antibody or fragment also can be multi-specific in the sense of being multi-valent.

Optionally for any antibody or fragment described herein, the antibody is coupled to
a moiety selected from a drug, a radionuclide, a fluorophore, an enzyme, a toxin, a
therapeutic agent, or a chemotherapeutic agent; and wherein the detectable marker is a
radioisotope, a metal chelator, an enzyme, a fluorescent compound, a bioluminescent

compound or a chemiluminescent compound.

Optionally for any antibody or fragment described herein, a pharmaceulical

composition comprises such an anlibody or an antigen binding fragment.

Optionally for any antibody or fragment described herein, or the pharmaceutical
composition described herein, there is a use provided for treatment of cancer, wherein the
cancer exhibit the expression of C1ORF32 polypeptides comprised in SEQ 1D NOs: 1,7, 9,
13, 17, 103, and/or their corresponding extracellular domains, selected [rom the group
consisting of any one of SEQ ID NOs: 10, 14, 11, 15, and/or fragments, and/or epitopes
thereof. on the cancer cells or in the immunc cells infiltrating the tumor, and wherein the
cancer is selected [rom the group consisting of Thyroid Carcinoma, carcinoma ol the
esophagus, Invasive Ductal breast Carcinoma, breast comedocarcinoma. breast Medullary
Carcinoma Grade 2, ovarian cancer sclected from the group consisting of Scrous and
Mucinous, Granular cell wmor, Surlace epithelial-stromal (umor (Adenocarcinoma),
cysladenocarcinoma and Endometrioid tumor; kidney cancer selected from the group
consisting of Clear cell carcinoma, Chromophobe adenoma, and sarcomatoides carcinoma:

prostatc adcnocarcinoma having a Gleason score of 5 or higher, stage 1 o 11 prostate
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adenocarcinoma, Benign prostatic hyperplasia, stage I and IH hepatocellular carcinoma,
malignant hepatoma, fibrolamellar hepatocellular carcinoma, pseudoglandular (adenoid)
hepatocellular carcinoma, pleomorphic (giant cell) hepatocellular carcinoma, clear cell
HCC, Cholangiocarcinoma, pancreas cancer selected from Ductal and Mucinous
Adenocarcinoma, Islet cell carcinoma, familial atypical multiple mole melanoma-pancreatic
cancer syndrome (FAMMM-PC), Exocrine pancreas cancers, ductal adenocarcinoma,
denosquamous carcinomas, signet ring cell carcinomas, hepatoid carcinomas, colloid
carcinomas, undifferentiated carcinomas, and undillerentialed carcinomas with osteoclast-
like giant cells, Low- to intermediate-grade neuroendocrine carcinomas and pancreatic
carcinoid tumors, stage IV malignant melanoma, Lentigo maligna melanoma, Superlicial
sprcading melanoma, Acral lentiginous melanoma, Mucosal melanoma, Nodular melanoma,
Polypoid melanoma, Desmoplastic melanoma, Amelanotic melanoma, Soft-tissue
melanoma, Ostcogenic  sarcoma, Chondrosarcoma, Leiomyosarcoma, Angiosarcoma,
Askin's Tumor, Ewing's sarcoma, Kaposi's sarcoma, Liposarcoma, Malignant fibrous
histiocytoma, Rhabdomyosarcoma, Neurofibrosarcoma, Hodgkin's lymphoma, B-cell
Lymphoma, Mantle cell lymphoma (MCL), T-cell Lymphoma, Endometroid
Adenocarcinoma, Bladder Transitional Cell carcinoma, Small Cell Lung Cancer, Non Small
Cell Lung Cancer, Large-cell lung carcinoma, testicular seminoma, moderate to poorly

differentiated Colo-rectal adenocarcinoma, and spinal cord tumor.

According to al least some embodiments, there is provided a method for treating
cancer, wherein the cancer exhibit the expression of CIORF32 polypeptides comprising
SEQ 1D NOs: 1,7, 9. 13, 17, 103, and/or their corresponding extracellular domains, selected
[rom the group consisting of any one of SEQ ID NOs: 10, 14, 11, 15, and/or fragments,
and/or epilopes thereol, on the cancer cells or in the immune cells infiltrating the tumor, and
wherein the cancer is selected [rom the group consisting of Thyroid Carcinoma, carcinoma
of the esophagus, Invasive Ductal breast Carcinoma, breast comedocarcinoma, breast
Medullary Carcinoma Grade 2, ovarian cancer selected from the group consisting of Serous
and Mucinous, Granular cell tumor, Surface epithelial-stromal tumor (Adenocarcinoma).
cystadenocarcinoma and Endomeltrioid tumor; kidney cancer selected from the group
consisling of Clear cell carcinoma, Chromophobe adenoma, and sarcomatoides carcinoma;
prostate adenocarcinoma having a Gleason score of 5 or higher, stage 1 o III prostale
adenocarcinoma, Benign prostatic hyperplasia, stage 11 and I hepatocellular carcinoma.

malignant hepatoma, librolamellar hepatocellular carcinoma, pseudoglandular (adenoid)
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hepatocellular carcinoma, pleomorphic (giant cell) hepatocellular carcinoma, clear cell
HCC, Cholangiocarcinoma, pancreas cancer selected from Ductal and Mucinous
Adenocarcinoma, Islet cell carcinoma, familial atypical multiple mole melanoma-pancreatic
cancer syndrome (FAMMM-PC), Exocrine pancreas cancers, ductal adenocarcinoma,
denosquamous carcinomas, signet ring cell carcinomas, hepatoid carcinomas, colloid
carcinomas, undifferentiated carcinomas, and undifferentiated carcinomas with osteoclast-
like giant cells, Low- to intermediate-grade neuroendocrine carcinomas and pancreatic
carcinoid tumors, stage IV malignant melanoma, Lentigo maligna melanoma, Superlicial
spreading melanoma, Acral lentiginous melanoma, Mucosal melanoma, Nodular melanoma,
Polypoid melanoma, Desmoplastic melanoma, Amelanotic melanoma, Sofl-lissue
melanoma, Osteogenic sarcoma, Chondrosarcoma, Leiomyosarcoma, Angiosarcoma,
Askin's Tumor, Ewing's sarcoma, Kaposi's sarcoma, Liposarcoma, Malignant fibrous
histiocytoma, Rhabdomyosarcoma, Neurofibrosarcoma, Hodgkin's lymphoma, B-ccll
Lymphoma, Mantle cell lymphoma (MCL), T-cell Lymphoma, Endometroid
Adenocarcinoma, Bladder Transitional Cell carcinoma, Small Cell Lung Cancer, Non Small
Cell Lung Cancer, Large-cell lung carcinoma, testicular seminoma,, moderate to poorly
differentiated Colo-rectal adenocarcinoma, and spinal cord tumor, comprising administering
to a subject in need thereof an effective amount of any one of the antibody, or antibody
binding fragment, as described herein, or the pharmaceutical composition as described

herein.

Optlionally the trcatment is combined with another moicty or therapy usclul for

lreating cancer.

Optionally the therapy is radiation therapy, antibody therapy, chemotherapy,
photodynamic therapy, adoptive T cell therapy, Treg depletion, surgery or in combination

therapy with conventional drugs.

Optionally the moiety is selected [rom the group consisting of immunosuppressants,
cylotoxic drugs, tumor vaccines, antibodies (e.g. bevacizumab, erbitux), peptides. pepti-
bodies, small molecules, chemotherapeutic agents such as cylotoxic and cytoslatic agents
(e.g. paclilaxel, cisplatin, vinorelbine, docetaxel, gemcitabine, temozolomide, irinotecan,
5FU, carboplatin). immunological modifiers such as interferons and interleukins,

immunostimulatory antibodies, growth hormones or other cytokines, folic acid, vitamins,
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minerals, aromatase inhibitors, RNAI, Histone Deacetylase Inhibitors, and proteasome

inhibitors.

Optionally for any antibody or fragment described herein, there is a use provided for
diagnosis of cancer, wherein the cancer exhibit the expression of C10RF32 polypeptides
comprising SEQ 1D NOs: 1, 7, 9, 13, 17, 103, and/or their corresponding extracellular
domains, selected from the group consisting of any onc of SEQ ID NOs: 10, 14, 11, 15,
and/or fragments, and/or epitopes thereof, on the cancer cells or in the immune cells
infiltrating the tumor, and wherein the cancer is selected from the group consisting of
Thyroid Carcinoma, carcinoma of the esophagus, Invasive Ductal breast Carcinoma, breast
comedocarcinoma, breast Medullary Carcinoma Grade 2, ovarian cancer selected from the
group consisting of Serous and Mucinous, Granular cell tumor, Surface epithelial-stromal
tumor (Adenocarcinoma), cystadenocarcinoma and Endometrioid tumor; kidney cancer
selected from the group consisting of Clear cell carcinoma, Chromophobe adenoma, and
sarcomatoides carcinoma; prostate adenocarcinoma having a Gleason score of 5 or higher,
stage I to III prostate adenocarcinoma, Benign prostatic hyperplasia, stage II and III
hepatocellular carcinoma, malignant hepatoma, fibrolamellar hepatocellular carcinoma,
pseudoglandular  (adenoid) hepatocellular carcinoma, pleomorphic (giant cell)
hepatocellular carcinoma, clear cell HCC, Cholangiocarcinoma, pancreas cancer selected
from Ductal and Mucinous Adenocarcinoma, Islet cell carcinoma, familial atypical multiple
mole melanoma-pancreatic cancer syndrome (FAMMM-PC), Exocrine pancreas cancers,
ductal adcnocarcinoma, denosquamous carcinomas, signet ring cell carcinomas, hepatoid
carcinomas, colloid carcinomas, undifferentiated carcinomas, and undifferentiated
carcinomas with osteoclast-like giant cells, Low- (0 intermediate-grade neuroendocrine
carcinomas and pancreatic carcinoid tumors, stage IV malignant melanoma, Lentigo
maligna melanoma, Superficial spreading melanoma, Acral lentiginous melanoma, Mucosal
melanoma, Nodular melanoma, Polypoid melanoma, Desmoplastic melanoma, Amelanotic
melanoma, Soft-tissue melanoma, Osteogenic sarcoma, Chondrosarcoma, Leiomyosarcoma,
Angiosarcoma, Askin's Tumor, Fwing's sarcoma, Kaposi's sarcoma, Liposarcoma,
Malignant fibrous histiocytloma, Rhabdomyosarcoma, Neurofibrosarcoma, Hodgkin's
lymphoma, B-cell Lymphoma, Mantle cell lymphoma (MCL), T-cell Lymphoma,
Endometroid Adenocarcinoma, Bladder Transitional Cell carcinoma, Small Cell Lung
Cancer, Non Small Cell Lung Cancer. Large-cell lung carcinoma, testicular seminoma,

moderate to poorly differentiated Colo-rectal adenocarcinoma, and spinal cord tumor.
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According to at least some embodiments, there is provided a method for diagnosing
cancer in a subject, wherein the cancer is selected from the group consisting of Thyroid
Carcinoma, carcinoma of (he esophagus, Invasive Ductal breast Carcinoma, breast
comedocarcinoma, breast Medullary Carcinoma Grade 2, ovarian cancer selected from the
group consisting of Serous and Mucinous, Granular cell tumor, Surface epithelial-stromal
tumor (Adenocarcinoma), cystadenocarcinoma and Endometrioid tumor; kidney cancer
selected from the group consisting of Clear cell carcinoma, Chromophobe adenoma, and
sarcomaloides carcinoma; proslale adenocarcinoma having a Gleason score ol 5 or higher,
stage I to III prostate adenocarcinoma, Benign prostatic hyperplasia, stage II and III
hepatocellular carcinoma, malignant hepatoma, [ibrolamellar hepatocellular carcinoma,
pseudoglandular  (adenoid) hepatocellular  carcinoma, pleomorphic  (giant  cell)
hepatocellular carcinoma, clear cell HCC, Cholangiocarcinoma, pancreas cancer selected
from Ductal and Mucinous Adcnocarcinoma, Islet cell carcinoma, familial atypical multiple
mole melanoma-pancreatic cancer syndrome (FAMMM-PC), Exocrine pancreas cancers,
ductal adenocarcinoma, denosquamous carcinomas, signet ring cell carcinomas, hepatoid
carcinomas, colloid carcinomas, undifferentiated carcinomas, and undifferentiated
carcinomas with osteoclast-like giant cells, Low- to intermediate-grade neuroendocrine
carcinomas and pancreatic carcinoid tumors, stage IV malignant melanoma, Lentigo
maligna melanoma, Superficial spreading melanoma, Acral lentiginous melanoma, Mucosal
melanoma, Nodular melanoma, Polypoid melanoma, Desmoplastic melanoma, Amelanotic
melanoma, Soft-tissue melanoma, Osteogenic sarcoma, Chondrosarcoma, Leiomyosarcoma,
Angiosarcoma, Askin's Tumor, [Lwing's sarcoma, Kaposi's sarcoma, Liposarcoma,
Malignant fibrous histiocytoma, Rhabdomyosarcoma, Neurofibrosarcoma, Hodgkin's
lymphoma, B-cell Lymphoma, Mantle cell lymphoma (MCL), T-cell Lymphoma,
Endometroid Adenocarcinoma, Bladder Transitional Cell carcinoma, Small Cell Lung
Cancer, Non Small Cell Lung Cancer, Large-cell lung carcinoma, testicular seminoma,,
moderate to poorly differentiated Colo-rectal adenocarcinoma, and spinal cord tumor,
comprising detecting in the subject or in a sample obtained from said subject any one of the
CIORF32 polypeptides comprised in SEQ ID NOs: 1, 7, 9, 13, 17, 103, and/or their
corresponding extracellular domains, selected from the group consisting of any one of SEQ

ID NOs: 10, 14, 11, 15, and/or fragments, and/or epitopes thereof.
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Optionally, detecting the polypeptide is performed in vivo or in vitro. Also
optionally, the detection is conducted by immunoassay. Also optionally, the detection is

conducted using antibodies or fragments as described herein.

The below embodiments and sub-embodiments are optionally implemented with any
of the antibodies, methods, compositions or uses as described herein, optionally wherein
said Thyroid Carcinoma is selected from onc or morc of Thyroid Papillary Carcinoma,
Thyroid Follicular Carcinoma (preferably stage 11 and 1lI), incidental papillary carcinoma

(IPC), Medullary thyroid cancer, Anaplastic thyroid cancer.

Optionally said carcinoma of the esophagus is a squamous cell carcinoma of the

esophagus.

Optionally said Invasive Ductal Carcinoma is sclected from stage 11 to IV and/or
poorly differentiated Invasive Ductal Carcinoma, and/or wherein said Medullary Carcinoma

is Grade 2 Medullary Carcinoma.,

Optionally said Serous and Mucinous ovarian carcinoma is selected from stages Ic to

IIIb Serous and Mucinous ovarian carcinoma.

Optionally said kidney Clear ccll carcinoma is sclected from stage 1 to 11 renal Clear

cell carcinoma.

Optionally said hepatocellular carcinoma is selected from stage II and III

hepatocellular carcinoma.

Optionally said Hodgkin's lymphoma is selected from Nodular sclerosing, Mixed-
ccllularity subtype, Lymphocyte-rich or Lymphocytic predominance, Lymphocyte depleted

and Unspecified.

Optionally said B-cell Lymphoma is selected [rom the group consisling ol Dilluse
large B cell lymphoma, Follicular lymphoma, Mucosa-Assoctated Lymphatic Tissue
lymphoma (MALT), Small ccll lymphocylic lymphoma, Burkitt lymphoma, Mcdiastinal
large B cell lymphoma, Waldenstrom muacroglobulinemia, Nodal marginal zone B cell
lymphoma (NMZL), Splenic marginal zone lymphoma (SMZL), Intravascular large B-cell

lymphoma, Primary effusion lymphoma, I.ymphomatoid granulomaltosis.
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Optionally said T-cell Lymphoma is selected from the group consisting of
Extranodal T cell lymphoma, Cutaneous T cell lymphomas: Sézary syndrome and Mycosis

fungoides, Anaplastic large cell lymphoma, and Angioimmunoblastic T cell lymphoma.

Optionally said Endometroid Adenocarcinoma is selected from stage 1 to Illc

Endometroid Adenocarcinoma.

Optionally said bladder Transitional Cell carcinoma is selected from stage II to IV

Transitional Cell carcinoma.

Optionally said Small Cell Lung Cancer is selected [rom slage I to IIIb Small Cell
Lung Cancer, and/or wherein said Non Small Cell Lung Cancer is selected from poorly to

moderately differentiated squamous and adeno carcinoma.
Optionally said antibody or fragment inhibits activities elicited by C1ORF32.

Optionally said antibody or fragment modulates B7 related costimulation, increases
T cell activation, alleviates T-cell suppression, increases cytokine secretion, increases IL-2
secretion; increases interferon-gamma production by T-cells, increases Thl response,
decreases 'ITh2 response, promotes cancer epitope spreading, reduces inhibition of I cell
activation, incrcascs T cell response in a mammal, stimulates antigen-specific memory
responses, elicits apoptosis or lysis of cancer cells, stimulates cytotoxic or cytostatic effect
on cancer cells, induces dircct killing of cancer cclls, induces complement dependent

cytotoxicity and/or antibody dependent cell-mediated cytotoxicity.
Optionally said antibody or fragment increases immune response against the cancer.

Optionally said antibody or fragment reduces activity of regulatory T lymphocytes
(I'-regs).

Optionally said antibody or [ragment inhibits iTreg differentiation,

Optionally the antibody, method, composition or use as described herein features
administration of the antibody and/or composition o a subject in combination with a
polenliating agent to obtain a therapeutic cffeet, wherein said potentiating agent is selected

from the group consisting of radiotherapy, conventional/classical chemotherapy potentiating

anti-lumor immunc responscs, Targeled therapy potentialing anli-lumor immune responses,
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Therapeutic agents targeting Tregs and/or MDSCs, Immunostimulatory antibodies,

Therapeultic cancer vaccines, Adoptive cell transfer.

Optionally the conventional/classical chemotherapy agent is selected from
Gemcitabine, Oxaliplatin, cisplatin, carboplatin (and other platinum based compounds),
Cyclophosphamide, Anthracyclines, such as doxorubicin, daunorubicin, T'axanes, such as
paclilaxcl, docetaxcl, microtubule inhibitors, such as vincristine, Folate antagonists, such as
methotrexate, mTOR pathway inhibitors, such as temsirolimus and rapamycin, oxaliplatin,

cyclophosphamide, doxorubicin, and mitoxantrone.

Optionally the Targeted therapy agent is selected from histone deacetylase (HDAC)
inhibitors, such as vorinostat, sodium butyrate and MS-275), Bortezomib, Vemurafenib,
JAK?2 inhibilors, tyrosine kinase inhibitors (TKIs) such as erlotinib, imatinib, sunitinib,
sorafenib, therapeutic monoclonal antibodies, such as anti-EGFR mAbs cetuximab,

analimumab, (rastuzumab.

Optionally the Therapeutic agent targeting immunosuppressive cells I'regs and/or
MDSCs is selected from antimitotic drugs such as cyclophosphamide, gemcitabine,
mitoxantrone, fludarabine, thalidomide and thalidomide derivatives, COX-2 inhibitors,
depleting or killing antibodies that directly target Tregs through recognition of Treg cell
surface receptors such as anti-CD25 dactizumab and basiliximab, ligand-directed (oxins
such as denileukin diftitox (Ontak) - a fusion protein of human 11.-2 and diphtheria toxin, or
LMB-2 — a fusion between an scFv against CD25 and the pseudomionas exotoxin,
antibodies largeting Treg cell surface receptors, TLR modulators, agents that interfere with
the adenosinergic pathway, such as ectonucleotidase inhibitors, or inhibitors of the A2A
adenosine receptor, TGF-f inhibitors, chemokine receptor inhibitors, retinoic acid, all-trans
retinoic acid (ATRA), Vitamin D3, phosphodiesterase 5 inhibitors like sildenafil, ROS

inhibilors such as nitroaspirin.

Optionally the Immunostimulatory antibody is selected from antagonistic antibodies
largeling immune checkpoints such as CI'LA4 (example: ipilimumab), PD-1 (example:
BMS-936558/MDX-1106), PDL-1 (example: BMS-936559/MDX-1105), LAG-3 (example:
IMP-321). TIM-3, BTLA and/or Agonistic antibodies targeting immunostimulatory
proteins. such as CD40 (example: CP-870,893), CD137 (example: BMS-663513). OX4()
(example: Anti-OX40), GITR (example: TRX518).
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Optionally the Therapeutic cancer vaccine is selected [rom exogenous cancer
vaccines including proteins or peptides used to mount an immunogenic response o a tumor
antigen, recombinant virus and bacteria vectors encoding tumor antigens, DNA-based
vaccines encoding tumor antigens, proteins targeted to dendritic cells, dendritic cells, gene

modified mumor cells expressing GM-CSF and/or I'lt3-ligand.
Optionally the Therapeutic cancer vacecine comprises Dendritic-cell-based vaccines.

Optionally for any of the above-described antibodies the cancer expresses one or
more C10ORF32 polypeptides on the cancer cells or in the immune cells infiltrating cancer

cells congregated as a tumor.

According to at least some embodiments, the present invention provides the
forcgoing antibodics and fragments thereof, wherein the antibody is a chimeric, humanized,
fully human antibody and/or is an antibody or antibody fragment having CDC or ADCC

activities on target cells.

Included in particular are antibodies and fragments that are immune activating or
immune suppressing such as antibodies or fragments that target cells via ADCC (antibody

dependent cellular cytotoxicity) or CDC (complement dependent cylotoxicily) aclivities.

According to al least some embodiments, the present invention provides the
foregoing antibody fragments and conjugates containing uscful in the forcgoing therapics
and related diagnostic methods including but not limited to Fab, F(ab’)2, Fv or scFv

{ragment.

According (o al least some embodiments of the present invention Lhe subject
anlibodies and fragments are directly or indirectly altached to markers and other effector
moieties such as a detectable marker, or to an effector moiety such as an enzyme, a loxin, a

therapeutic agent, or a chemotherapeutic agent.

According 1o at least some embodiments, the present invention provides the
forcgoing antibodies or fragments attached directly or indirectly o a radioisotope, a metal
chelator, an enzyme, a fluorescent compound, a bioluminescent compound or a

chemiluminescent compound.

(3%
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According to al least some embodiments, the present invention provides
pharmaceutical and/or diagnostic compositions that comprise a therapeutically and/or

diagnostically effective form of a foregoing antibody or antibody fragment.

According to at least some embodiments the present invention provides methods for
treating or preventing cancer, comprising administering to a patient an effective amount of
the foregoing antibody and/or pharmaccutical composition.

Optionally as described herein, the treatment is combined with another moiety or
therapy useful for treating cancer. Optionally, the therapy is radiation therapy, antibody
therapy, chemotherapy, photodynamic therapy, adoptive T cell therapy, Treg depletion,
surgery or in combination therapy with conventional drugs.

According to at least some embodiments, the present invention provides assays for
detecting the presence and/or levels of CIORF32 proteins in vitro or in vivo in a biological
sample or an individual, comprising contacling the sample with the foregoing antibody, and
detecting the binding of C1ORF32 protein in the sample and/or in the individual.

According to at least some embodiments, the present invention provides methods for
detecting cancer, diagnosing cancer, monitoring cancer progression or treatment efficacy or
relapse of cancer, or selecting a therapy for cancer, detect cells affected by cancer,

comprising detecting expression of a C1ORF32.

Such diagnostic methods optionally comprise detecting in the subject or in a sample
obtained from said subject any one of the CIORF32 polypeptides comprised in SEQ ID
NOs: 1, 7,9, 13, 17, 103, and/or their corresponding extracellular domains, selected from
the group consisting of any one of SEQ ID NOs: 10, 14, 11, 15, and/or fragments, and/or
epitopes thereof. Optionally. detecting the polypeptide is performed in vivo or in vitro,

optionally by immunoassay and also optionally by using antibodies or fragments

According to one embodiment, detecting the presence and/or levels of the CTORF32
polypeptide in a sample is indicative of the presence of cancer and/or its severity and/or its
progress. According (o another embodiment. a change in the expression andfor the level of
the CIORF32 polypeptide compared (0 its expression and/or level in a healthy subject or a
sample oblained therefrom is indicative ol the presence of cancer and/or its severity and/or
its progress. According to a [urther embodiment, a change in the expression and/or level of
the polypeplide compared (0 its level and/or expression in said subjecl or in a sample

obtained therefrom at carlier stage is indicative of the progress of cancer. According (o still
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further embodiment, detecting the presence and/or relative change in the expression and/or
level of the polypeptide is useful for selecting a treatment and/or monitoring a treatment of

the cancer.

According Lo at least some embodiments, the present invention provides antibodies
and fragments as described herein, optionally and preferably wherein the antibody binds to
human C10ORF32 with a KD of 1x10-8 M or less, and wherein the antibody exhibits at lcast
one of the following properties: modulates B7 related costimulation, increases I' cell
activation, alleviates T-cell suppression, increases cytokine secretion, increases IL-2
secretion; increases interferon-gamma production by T-cells, increases Thl response,
decreases Th2 response, promotes cancer epitope spreading, reduces inhibition of T cell
activation, increases T cell response in a mammal, stimulates antigen-specific memory
responses, elicits apoptosis or lysis of cancer cells, stimulates cytotoxic or cytostatic effect
on cancer cells, induces direct killing of cancer cells, induces complement dependent

cytotoxicity and/or antibody dependent cell-mediated cytotoxicity.
Optionally the antibody or fragment increases immune response against the cancer,

Optionally the antibody or fragment reduces activity of regulatory T lymphocytes

(T-regs).
Optionally the antibody or fragment inhibits iTreg dillerentiation.

According to at least some embodiments, the present invention provides a bispecific
molecule comprising the foregoing antibody, or antigen-binding portion thereof, linked to a
second functional moiety having the same or a different antigen binding target or specificity

than said foregoing antibody, or antigen-binding portion thereof.

Nucleic acid molecules encoding the antibodies, or antigen-binding portions thereof,
of the present invention are also encompassed by the present invention, as well as
expression vectors comprising such nucleic acids and host cells comprising such expression
vectors. Moreover, the present invention provides a (ransgenic mouse comprising human
immunoglobulin heavy and light chain lransgenes, wherein the mouse expresses an
antibody of the present invention, as well as hybridomas prepared from such a mouse,

wherein the hybridoma produces the antibody of the present invention.
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According to at least some embodiments, the present invention provides a use of the
foregoing monoclonal and/or polyclonal antibodies and antigen binding [ragments and/or
pharmaceutical composition comprising same, for treatment of cancer, wherein the cancer
exhibit the expression of C1ORF32 proteins on the tumor cells or in the immune cells
infiltrating the tumor. Optionally, although examples are provided herein for monoclonal
and polyclonal antibodies, fragments of such, and/or alternative scaffolds and/or conjugates
and/or immunoconjugates containing same may also optionally be included as part of such

embodiments.

Anti C10RF32 antibody, a fragment, a conjugate thereof and/or a pharmaceutical
composition comprising same, according to at least some embodiments of the present
invention also can be administered in combination therapy, i.e., combined with other
potentiating agents and/or therapies, for example with any of the known in the art standart
of care cancer treatment (as can be found, for example, in
http://www.cancer.gov/cancertopics).

According to at least some non-limiting embodiments, the antibody or fragment may
optionally be administered to a subject in combination with a potentiating agent to obtain a
therapeutic effect, wherein said potentiating agent is selected from the group consisting of
radiotherapy, conventional/classical chemotherapy potentiating  anti-lumor  immune
responses, Targeted therapy potentiating anti-tumor immune responses, Therapeutic agents
targeting Tregs and/or MDSCs, Immunostimulatory antibodies, Therapeutic cancer
vaccines, Adoptive ccll transfer.

Optionally the conventional/classical chemotherapy agent is selecled from
Gemcitabine, Oxaliplatin, cisplatin, carboplatin (and other platinum based compounds),
Cyclophosphamide, Anthracyclines, such as doxorubicin, daunorubicin, T'axanes, such as
paclitaxel, docetaxel, microtubule inhibitors, such as vincristine, Folale antagonists, such as
methotrexate, mTOR pathway inhibitors, such as temsirolinus and rapamycin, oxaliplatin,
cyclophosphamide, doxorubicin, and mitoxantrone.

Optionally the Targeted therapy agent is selected from histone deacetylase (IHHDAC)
inhibitors, such as vorinostal, sodium butyrate and MS-275), Bortezomib, Vemurafenib,
JAK?2 inhibilors, tyrosine kinasc inhibitors (TKIs) such as erlolinib, imalinib, sunitinib,
sorafenib, (herapeutic monoclonal antibodies, such as anti-EGFR mAbs  cetuximab,

analimumab. trastuzumab.
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Optionally the Therapeutic agent targeling immunosuppressive cells Tregs and/or
MDSCs is selected from antimitotic drugs such as cyclophosphamide, gemcitabine,
mitoxantrone, fludarabine, thalidomide and thalidomide derivatives, COX-2 inhibitors,
depleting or killing antibodies that directly target Tregs through recognition of Treg cell
surface receptors such as anti-CD25 daclizamab and basiliximab, ligand-directed toxins
such as denileukin diftitox (Ontak) - a fusion protein of human 11.-2 and diphtheria toxin, or
LMB-2 — a fusion between an scFv against CD25 and the pseudomonas exotoxin,
antibodies (argeting Treg cell surface receptors, TLR modulators, agents that interfere with
the adenosinergic pathway, such as ectonucleotidase inhibitors, or inhibitors of the A2A
adenosine receptor, TGF-f inhibilors, chemokine receptor inhibitors, retinoic acid, all-trans
retinoic acid (ATRA), Vitamin D3, phosphodiesterase 5 inhibitors like sildenafil, ROS
inhibitors such as nitroaspirin.

Optionally the Immunostimulatory antibody is sclected from antagonistic antibodies
targeting immune checkpoints such as CTLA4 (example: ipilimumab), PD-1 (example:
BMS-936558/MDX-1106), PDL-1 (example: BMS-936559/MDX-1105), LAG-3 (example:
IMP-321), TIM-3, BTLA and/or Agonistic antibodies targeting immunostimulatory
proteins, such as CD40 (example: CP-870,893), CD137 (example: BMS-663513), OX40
(example: Anti-OX40), GITR (example: TRX518).

Optionally the Therapeutic cancer vaccine is selected from exogenous cancer
vaccines including proteins or peptides used to mount an immunogenic response (0 a tumor
antigen, recombinant virus and bacteria vectors encoding tumor antigens, DNA-based
vaccines encoding tumor antigens, proteins targeted o dendritic cells, dendritic cells,
proleins largeled Lo dendritic cells, dendritic cells.

Optionally the Therapeutic cancer vaccine comprises Dendritic-cell-based vaccines.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 presents western blot analysis results, on the extracellular domain of
CIORF32 fused to mouse IgG2a protein (ClORF32-ECD-mouse IgG2a-lused protein)
(SEQ ID NO:4), using lest bleeds from immunized and pre-immunized rabbits serum
(1:250). The results demonstrate that the specific anti CIORI32 antibodies (serum from
immunized rabbits #R1 (R7531), R2 (R7532), R4 (R7534)) recognize the recombinant
CIORF32-ECD-mouse IgG2a-fused protein (SEQ ID NO:4) al the expected band size
(~50kDa), while serum from the immunized rabbit R3 did not detect any specific signal.

f.egend: lane 1 represents R1(R7531) immunized serum: lane 2 represents R1(R7531) pre-

29



10

20

25

30

immunized serum; lane 3 represents R2 (R7532) pre-immunized serum; lane 4 represents
R2 (R7532) immunized serum; lane 5 represents R3 (R7533) pre-immunized serum; lane 6
represents R3 (R7533) immunized serum; lane 7 represents R4 (R7534) pre-immunized

serum; and lane 8 represents R4 (R7534) immunized serum.

Figure 2 demonstrates Western blot analysis on recombinant pools of C10ORIF32
transfected HEK293'T cells using affinity purified pAb R7531antibody. 'The figure presents
Western blot analysis of 30ug lysates of HEK293T pool transfected with empty vector
(lanel), human-C10RF32 (SEQ ID NO: 1) (lane2), human-C10RF32-HA tagged (SEQ 1D
NO: 22) (lane 3), mousc-human chimeric C10RF32 (SEQ ID NO:8) (lanc 4), mousc-
CIORF32-Flag tagged (SEQ ID NO:21) (lane5); using anti C1ORF32 pAbs R7531
(2ug/ml). A band corresponding to the expected size of ~30kDa human C1OFR32(SEQ TD
NO:1) or ~70kDa for the mouse-C1ORF32-Flag tagged (SEQ ID NO:21) was detected in
the various HEK293T-C10RF32-transfected cells as oppose to whole cell extract of stable
HEK293T pool as negalive control.Non specific bands were obsereved at higher molecular
weights in all cell lines.

Figure 3 demonsirate Flow Cytometry Analysis of polyclonal antibodies specific to
C1ORF32 (R7531, R7532, R7534) in (Figure 3A) recombinant HEK293T cells expressing
human C1ORI32 protein (SEQ ID NO: 1) as compared to (Figure 3B) IIEK293T cells. Non
relevant Rabbit IgG (Sigma, cat 15006) was used as a negalive control. The results

demonstrate cell surface expression of C1ORF32 using anti C10RF32 antibodies.

Figure 4 presents Western blot analysis of HEK293T cells expressing C10ORF32
protein, using anti C1ORF32 monoclonal antibody 5159-1(2ug/ml). The figure
demonstrates Western blot analysis of whole cell lysates of HEK293T pool transfected
with: emply vector (negative control cells) (lane1), human-C10RIF32 (SEQ ID NO: 1),
expressing cells (lane 2) human-C1ORF32-HA tagged (SEQ ID NO:22) expressing
cells(lane 3), mouse-human chimeric CIORF32 (SEQ ID NO: 8) expressing cells, (lane 4),
mouse-C10RI32-Flag tagged (SEQ ID NO: 21) expressing cells (lane 5). Specilic band
corresponding (o ~30kDa for human-C1ORF32 (lane 2) and human- C1ORF32-HA tagged
(lane 3) was detected as opposed to whole cell extract of stable HEK293T pool transfected
with pIRES-puro3 cmpty vector (lane 1). Low signal was obscrved in the mousc-human
chimeric C10RF32 (SEQ ID NO:8) (lane 4), and no signal was detected in the mouse-
CIORF32 -Flag (SEQ ID NO: 21) expressing cells.
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Figure 5 demonstrates membrane expression of the various C1IORF32 proteins using
mouse monoclonal anti C10RF32 antibodies (20ug/ml) as compared to non-relevant 1gG1
control anti Cephalosporin, followed by Donkey Anti mouse IgG DyLight 549 conjugated
secondary Ab diluted 1:250. Figure 5A presents empty vector transfected cells; Figure 5B
presents human-C10RI?32 transfected cells (SEQ ID NO:1), Tigure 5C presents human-
C1ORF32-1A tagged transfected cells(SEQ TD NO: 22); Figure 5D presents chimeric
mouse-human C1ORF32 transfected cells (SEQ ID NO: 8); Figure 5E presents mouse
C10RF32 (ransfected cells (SEQ ID NO: 21).

Figure 6 presents FACS analysis of recombinant CHO-K1 cells expressing human
C10RF32 protein (SEQ ID NO:1), or stable pool translected cells with empty vector
pIRESpuro3 using anti ClORF32 monoclonal antibodies 5159-1 and mousc anti-
Cephalosporin as irrelevant Ab negative control.

Figurc 7 demonstrates binding of monoclonal anti CIORF32 antibodies 5166-2 (Icft)
and 5166-9 (right) to human C1ORF32 protein, in CHO-K1 recombinant cells expressing
C10ORF32 (SEQ ID NO:1) as compared to CHO-KI1 stable pool transfected cells with
emply vector pIRESpuro3. Mouse Anti-Cephalosporin and Normal Mouse Serum were
used as negative conltrols.

FFigure 8 presents positive immune infiltrating cells staining for CIORF32 in small
cell lung cancer. The immunoreactivity of cancer cells is low, bul macrophages infiltrating
the tumor show high positivity of CIORF32 (arrows).

Figure 9: presents a schematic illustration of the experimental setting of evaluation of
the effect of CIORIF32 expressed on IIEK 293T cells on activation of Jurkat cells.

Figure 10: demonstrates that CIORF32 (SEQ ID NO: 1) expressed on HEK 293T
cells inhibits Jurkat cells activation. 25K (Figure 10A) or 50K (Figure 10B) HEK 293T
cells expressing C1ORF32 or the pRp vector were co-cultured with Jurkat cells (SOK per
well) and analyzed for the expression of CD69 by flow cylometry. AMF] values of CDG69
are shown in Figure 10C.

Figure 11 demonstrates that CIORF32 (SEQ ID NO: 1) expressed on HEK 2937T cells
inhibits Jurkat cells activated with anti CD3-UCHT clone. 25K (Figure 11A) or 50K (Iigure
11B) HEK 293T cells expressing C10RF32 or the pRp vector were incubated O.N. with
Jurkat cells (50K per well), and analyzed for the expression of CD69 hy flow cytomelry.
AMIT values of CD6Y are shown in (Figure 11C).

Figure 12 demonstrates that C1ORF32 (SEQ ID NO: 1) expresscd on HEK 2937 cells
inhibils Jurkat cells activaled with anti CD3 and anti CD28. Jurkal cells activated by plate
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bound anti CD3 (0.1 or 0.25 pg/ml) (Figure 12A) or plate bound anti CD3 (0.1 or 0.25
pg/ml) plus soluble anti CD28 (Figure 12 B) were incubated O.N and analyzed for the
expression of CD69 by flow cytometry. Figure 12 C presents HEK 293T cells expressing
C10RF32 (SEQ ID NO: 1) or the pRp vector, seeded at concentrations of 25, 50 or 100K
per well, in wells coated with 0.1 or 0.25 of anti-CD3 (OKT clone), incubated O.N with
SOK Jurkat cells. Jurkat cells were analyzed for the expression of CD69 by flow cytometry.
AMF1 values are shown. Figure 12 D presents HEK 29371 cells expressing C1IORF32 (SEQ
ID NO: 1) or the pRp vector, seeded at concentrations of SOK per well, in wells coated with
0.1 or 0.25 ol anli-CD3 (OKT clone), incubated O.N with 50K Jurkat cells with or without
2 pg/ml of soluble anti CD28. Jurkat cclls were analyzed for the expression of CD69 by
flow cytometry. AMFI values are shown.

Figure 13 demonstrates that C1ORF32 (SEQ 1D NO: 1) expressed on HEK 2931 cells
inhibits Jurkat cells activation. Figures 13A or C present results of 25K HEK 293T cells
expressing CIORF32 (SEQ ID NO: 1) or the pRp vector incubated with 50K Jurkat cells
for 7.5 hours or O.N., respectively. Figures 138 or D present results of 50K HEK 293T
cells expressing CIORF32 (SEQ ID NO: 1) or the pRp vector incubated with 50K Jurkat
cells for 7.5 hours or O.N, respectively. Cells were analyzed for the expression of CD69 by
[low cytometry. AMFI values of CD6Y are shown.

Iiigure 14 shows C10RI32 (SEQ D NO:24) binding profile (o resting and activated
mouse T cells. Mouse CD4+CD25- CD4 T cells were left ‘unactivated’ or stimulated with
immobilized anti-CD3 (2pg/ml) in the presence of soluble anti-CD28 (2 ug/ml). After 48hr,
anli-CD3/28 stimulated CD4 cells were stained with biotinylated C10RF32 H:M (N278A:
aglycosylated, SEQ ID NO:38) or isolype control (biotinylated mouse IgG2a; Biolegend),

followed by streptavidin-PL. in the presence of mouse anti-C1D16/32 for blocking of Fcy-

receplors.
Figure 15 shows thal eclopic expression of C1ORF32 (SEQ ID NO: 1) suppresses
mouse CDh4 T cell divisions upon TCR stimulation.

Figure 15A presents [Tow cytometry results of mouse CD4+CD25- T cells (1x10%), labeled
with CFSE and stimulated with plate-bound anti-CD3 (0.5ug/ml) in the presence of HIEK-
293 transfectants expressing CIORII32T (blue) or empty vector (gray) at 1:4 or 1:2 11IEK-
293:CD4 ratio. Percentages refer to fraction of cells that have divided more (han twice.
Figure 15B presents histograms indicating the percentage (mean+SD) of cells thal have

divided more than twice (¥ value<(.05, P value<0.001, student’s T test).
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Figure 16 presents FACS analysis performed on stimulator cells expressing empty
vector, SEQ ID NO: 17 and SEQ ID NO: 1 using a specific polyclonal antibody (rb-anti-
7531) that recognizes the extracellular domain of C1ORF32 proteins (SEQ ID NOs: 1 and
17), in order to assess the levels of membrane expression of these proteins.

Figure 17 presents the results of Bulk T cell proliferation in response to stimulator
cells expressing SEQ ID NO:1 or SEQ 1D NO:17 C10RF32 molecules, empty vector,
known costimulatory, or known coinhibitory molecules as controls. Shown is the mean +/-
SEM of 6 experiments. **p<0.01, and #p<0.0001 (Student‘s T-test) represent significantly
different results compared (o empty vector.

Figure 18 presents the results of T cell (CD4+) proliferation in response (o stimulator
cells cxpressing empty vector or vector expressing the different C10RF32 molecules,
costimulatory, or coinhibitory molecules. Shown is the mean +/~ SEM of 3
cxperiments. *P<0.05, *#p<0.01, and #p<0.0001 (Students T-test) represent significantly
different results compared to empty vector.

Figure 19 presents results of T cell (CD8+) proliferation in response to stimulator
cells expressing empty vector or vector expressing the different C1ORF32 molecules,
costimulatory, or coinhibitory molecules. Shown is the mean +/- SEM of 3 experiments.
*kp<().01, ***p<0.001, and #p<0.0001 (Students T-test) represent significantly different
results compared (o empty vector.

Figure 20 presents results of T cell (Naive CD4+CD45SRA+) proliferation in response
to stimulator cells expressing empty vector or vector expressing the different C10RF32
molecules, costimulatory, or coinhibitory molecules. **p<(.01, and ***p<0.001 (Students
T-lest) represent signilicantly different resulls compared (o emply vector.

Figure 21 presents the results of T cell (Bulk) proliferation (A) and cytokine secretion
(B-G) in response o stimulator cells expressing the different CIORF32 molecules, or
costimulatory, coinhibitory molecules, or empty vector as controls. Cytokine data represent
triplicate measurements from SN pooled from the triplicate wells. *p<0.05, **p<0.01,
##¥p<().001, and #p<0.0001 (Student's T-lest) represent significantly different resulls
compared Lo emply vector.

Figure 22 presents FACS analysis performed on C1ORF32 (ransduced melanoma
cells (mel526, mel624.38 and SK-mel23) using a specific monoclonal antibody (5159-1)
that recognizes the extracellular domain of CIORF32. in order to assess the levels of

membrane expression ol thesc proteins.
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Figure 23 presents FACS analysis performed on TCR F4 transduced stimulated
CD8+ cells (CTLs) using a specific monoclonal antibody (5159-1) that recognizes the
extracellular domain of the transduced specific TCR, in order to assess the levels of
membrane expression of this specific TCR.

Figure 24 demonstrates that CIORI?32 (SEQ ID NO: 1) expressed on SK-mel 23
melanoma cells inhibits activation of F4 TCR expressing CTI.s in a co-culture assay as
observed by reduced IFNy secretion. The graph represents four independent experiments
with CTLs from four dilferent donors transduced with F4 TCR. C10ORF32 expressed on
mel624.38 melanoma cells also inhibits CTL activation but this effect did not reach
slatistical signilicance. C1ORF32 expressed on mel526 melanoma cells does not inhibit
CTL activation *p<0.01.

Figure 25 shows induction of Iregs differentiation by C10RF32-ECD-mouse 1gG2a
fusion protcin (SEQ ID NO:18). Naive CD4+ T cells were activated in the presence of iTreg
cell-promoting conditions and either Control Ig (10ug/ml) or CIORF32-ECD-mouse IgG2a
fusion protein (SEQ ID NO:18) (1 or 3ug/ml) in the presence of irradiated Balb/c
splenocytes (at 1:1 ratio; 5x105 T cells per well) and OVA323-339 peptide (20ug/ml). Celis
were analyzed after 4 days of culture for the expression the Treg marker, FoxP3, by flow

cytometry.

Figure 26 shows CIORF32 (SEQ ID NO: 24) binding (o primary activated and
freshly isolated NK cells. Human NK primary cell lines from three different donors (Figure
26A) or freshly isolated NK cclls from three other donors (Figure 26B) were incubated with
Sug unlabeled C10RF32 (SEQ 1D NO: 24) or control isotype mIgG2a. Grey histograms are
of mlgG2a, the red or black histograms are of C1ORI32.

Figure 27 demonstrates that CIORF32 (SEQ ID NO: 1) expression on HEK293T cells
results in a minor reduction of HEK293T susceptibility to killing by NK cells. Y axis
presents percentage of killing. X axis presents Effector Lo target (IE:T) ratios. * designates p
value <().05.

Figure 28 demonstrates that 5166-9 anti C1ORI32 antibody shows potent CDC
activity against HEK293 cxpressing C1ORIF32. 11IEK293 cell lines were incubated with
5166-Y or conltrol isolype mlgM in the presence of complenient and viability measured alter

1hr.
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Figure 29 demonstrates that 5166-9 anti C1ORF32 antibody shows CDC activity
against CHOK1 cells expressing CIORF32. CHOKI1 cell lines were incubated with 5166-9
or control isotype mIgM in the presence of complement and viability measured after hr.

Figure 30 presents CIORF32 expression on HEK293T cells compared to CHOKI.
HIK293 C10RF32 cells express more target antigen compared to CHHOK1 C10RIP32 based
on detection of CIORF32 using a C1ORF32 antibody 5159-1.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention, in at least some embodiments, relates to polyclonal and
monoclonal antibodies and fragments and/or conjugates thereol, and/or pharmaceutical
composition comprising same, and/or diagnostic composilion comprising samc, wherein
these antibodies specifically bind C1ORF32 proteins, and wherein said antibodies are
adapted to be used as therapeutic and/or diagnostic agents, particularly for treatment and/or
diagnosis of cancer, particularly human, humanized or chimeric monoclonal antibodies,
including those that promote or inhibit activities elicited by C10RF32.

Without wishing to be limited by a closed list or by a single hypothesis, an
antibody according to various embodiments of the present invention may optionally have
one or more of the following properties. Such neutralizing antibody may optionally promote
Th2 to Thl shift, thereby potentially reverting the shilt towards a Th2/M2 environment
induced in the tumor micro-environment that reducesthe immune response towards the
tumor. The antibody may therefore optionally promote the immune system component
which acts against the twmor (Th1), while inhibiling the component which promoles the
cancer (Th2).

According to at least some embodiments of the present invention, such an
antibody may optionally inhibit iTregs accumulation and immunosuppressive function,

and/or enhance effector T cell activity.

The term "cancer” as used herein should be understood Lo encompass any
neoplastic disease (whether invasive or melastatic) which is characterized by abnormal and
uncontrolled cell division causing malignant growth or tumor. non-limiting examples of

which are described herein.

According to at lcast some embodiments of the present invention, the antibodics are
derived from particular heavy and light chain germline sequences and/or comprise particular
structural fcaturcs such as at least onc CDR regions comprising parlicular amino acid

3
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sequences. According to at least some embodiments, the present invention provides isolated
antibodies, methods of making such antibodies, immunoconjugates and bispecific molecules
comprising such antibodies and pharmaceutical and diagnostic compositions containing the
antibodies, immunoconjugates, alternative scaffolds or bispecific molecules according to at
least some embodiments of the present invention.

According to at least some embodiments the present invention relates (o in vitro and
in vivo methods of using the antibodies and fragments thereof, to detect any one of
CI10RF32 proleins.

According to at least some embodiments the present invention further relates to
methods ol using the foregoing antibodies and [ragments and/or conjugates thereol and/or
pharmaceutical composition comprising samc, to ftreal cancer, as dcscribed herein.
CIORF32 protein is disclosed in PCT Application Nos. WO0/2009/032845 and
WO0/2012/001647, owned in common with the present application, which arc hercby
incorporated by reference, as if fully set forth herein. These applications demonstrate that
the ECD sequence of CIORF32 molecule fused to mouse IgG2a inhibits both human and
mouse T-cell activation, induced by anti CD3 and anti-CD28, cytokine secretion. The
C1ORF32 fusion protein also inhibits Th] activation while inducing Th2, implying that the
CIORF32 has a specific role in T-cell biology, rather then a global suppression of T-cells.
The fusion protein ameliorates disease symptoms in mice model of multiple sclerosis (EAE
model) and rheumatoid arthritis (CIA) modles, demonstrating that C1ORF32 has an
important role in immune modulation. The W(/2012/001647 application demonstrates

CIORI32 immunomodulatory function, and particularly its inhibitory activity on T
cell activation, in various experimental systems, including in vitro, ex vivo and in vivo
studies. Taken together, these results indicate that C10RF32. which is a member of the
B7/CD28 family of negative costimulators, is a novel immune checkpoint.

W02009/032845 discloses CIORI32 specific antibodies are potentially useful
as therapeutics and/or diagnostic agents (both in vitro and in vivo diagnostic methods).
Included in particular are antibodies and fragments that are immune aclivaling or immune
suppressing such as antibodies or fragments that target cells via ADCC (antibody dependent
cellular cytotoxicity) or CDC (complement dependent cylotoxicity) activities, particularly
for trealing conditions wherein the CIOREF32 antigen is differentially expressed including
various cancers and malignancies.

In at least some embodiments of this invention, C1ORI?32 was found (o be

involved in iTregs induction and differentiation. Without wishing to be limited by a single
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hypothesis, blocking monoclonal antibodies specific to CIORF32 was found to inhibit
iTregs accumulation and immunosuppressive function and enhance effector T cell activity.
Thus, C1ORF32 blocking antibodies are optionally and preferably applied to cancer
immunotherapy, alone or in combination with a potentiating agent(s), which increase

endogenous anti-tumor responses.

Furthermore, it has surprisingly been found that an antibody according to various
embodiments of the present invention is particularly useful for treatment of specilic cancers
as described herein.

In order that the present invention may be more readily understood, certain terms are
first defined. Additional definitions are set forth throughout the detailed description.

An "immune cell" refers to any cell from the hemopoietic origin including but not
limited to T cells, B cells, monocytes, dendritic cells, and macrophages.

As used herein, the term "polypeptide” refers to a chain of amino acids of any

length, regardless of modification (e.g., phosphorylation or glycosylation).

‘As used herein, a "costimulatory polypeptide" or "costimulatory molecule” is a polypeptide

that, upon interaction with a cell-surface molecule on T cells, modulates T cell responses.

As used herein, "costimulatory signaling" is the signaling activity resulling from
the interaction between costimulatory polypeptides on antigen presenting cells and their
receptors on T cells during antigen-specific T cell responses. Without wishing to be limited
by a single hypothesis, the antigen-specific T cell response is believed to be mediated by
(wo signals: 1) engagement of the T cell Receptor (TCR) with antigenic peptide presented
in the context of MHC (signal 1), and 2) a second antigen-independent signal delivered by
contacl between different costimulatory receptor/ligand pairs (signal 2). Withoul wishing to
be limited by a single hypothesis, this "second signal" is critical in determining the type of I
cell response (activation vs inhibition) as well as the strength and duration of that response,
and is regulated by both positive and negative signals {rom costimulatory molecules, such
as the B7 family of proteins.

As used herein, the term "B7” polypeplide means a member of the B7 family of
proteins that costimulate T cells including, but not limited to B7-1. B7-2, B7-DC, B7-H5.
B7-111. B7-112, B7-113, B7-114, B7-116, B7-S3 and biologically active [ragments and/or
variants thereof. Representative biologically active fragments include the extracellular

domain or [ragments of the extracellular domain that costimulate T cells.
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As used herein. the term C10RF32 refers to any one of the proteins set forth in
anyone of SEQ ID NOs: 1, 7, 9, 13, 17, 103, and/or their corresponding extracellular
domains, selected from the group consisting of any one of SEQ ID NOs: 14, 10, 11, 15,
and/or variants thereof, and/or orthologs and/or fragments thereof, and/or nucleic acid
sequences encoding for same, that are differentially expressed in cancer, on the cancer cells
or in the immune cells infiltrating the tumor.

As used herein, the terms "immunologic”, "immunological" or "immune"
response is the development of a beneficial humoral (antibody mediated) and/or a cellular
(mediated by antigen-specific T cells or their secretion products) response directed against a
peplide in a recipient palienl. Such a response can be an aclive response induced by
administration of immunogen or a passive response induced by administration of antibody
or primed I'-cells. Without wishing to be limited by a single hypothesis, a cellular immune
responsc is clicited by the presentation of polypeptide epitopes in association with Class 11
or Class I MHC molecules to activate antigen-specific CD4+ T helper cells and/or CD8+
cytotoxic T cells, respectively. The response may also involve activation of monocytes,
macrophages, NK cells, basophils, dendritic cells, astrocytes, microglia cells, eosinophils,
activation or recruitment of neutrophils or other components of innate immunity. The
presence of a cell-mediated immunological response can be determined by proliferation
assays (CD4+ T cells) or CTL (cytotoxic T lymphocyte) assays. The relative contributions
of humoral and cellular responses to the protective or therapeutic effect of an immunogen
can be distinguished by separately isolating antibodies and T-cells from an immunized
syngeneic animal and measuring protective or therapeutic effect in a second subject.

An "immunogenic agent” or "immunogen" is capable of inducing an
immunological response against itself on administration to a mammal, optionally in

conjunction with an adjuvant.

The term "antibody” as referred to herein includes whole polyclonal and monoclonal
anlibodics and any antigen binding fragment (i.e., "antigen-binding portion") or single

1

chains thereof. An "antibody" refers to a glycoprotein comprising at least two heavy (H)
chains and two light (L) chains inler-connected by disulfide bonds, or an antigen binding
portion thercol. lach hcavy chain is comprised of al least one heavy chain variable region
(abbreviated herein as VIT) and a heavy chain constant region. The heavy chain constant
region is comprised of three domains, CIH1, CH2 and CH3. Each light chain is comprised of

al least one light chain variable region (abbrevialed herein as VL) and a light chain constant
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region. The light chain constant region is comprised of one domain, CL. The VH and VL
regions can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FR). Each VH and VL is composed of three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the following order: I'R1, CDRI,
FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains contain a
binding domain that interacts with an antigen. The constant regions of the antibodies may
mediale the binding of the immunoglobulin (o host lissues or [actors, including various cells
of the immune system (e.g., effector cells) and the first component (Clq) of the classical
complement system.

The term "antigen-binding portion" of an antibody (or simply "antibody portion"), as
used herein, refers to one or more fragments of an antibody that retain the ability to
specifically bind to an antigen (c.g., CIORF32 molecules, and/or a fragment thereof). It has
been shown that the antigen-binding function of an antibody can be performed by fragments
of a full-length antibody. Examples of binding fragments encompassed within the term
"antigen-binding portion" of an antibody include (i) a Fab fragment, a monovalent fragment
consisting of the V Light, V Heavy, Constant light (CL) and CH1 domains; (ii) a F(ab').2
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at
the hinge region; (iii) a Fd fragment consisting of the VH and CHI1 domains; (iv) a Fv
fragment consisting of the VL. and VH domains of a single arm of an antibody, (v) a dAb
fragment (Ward et al., (1989) Nature 341:544-546), which consists of a VH domain; and
(vi) an isolated complementarity determining region (CDR). T'urthermore, although the two
domains of the Fv fragment, VL and VH, are coded [or by separate genes, they can be
joined, using recombinant methods, by a synthetic linker that enables them to be made as a
single protein chain in which the VL and VH regions pair to form monovalent molecules
(known as single chain ['v (scl'v); see e.g.. Bird et al. (1988) Science 242:423-426; and
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within the term "antigen-binding portion” of
an antibody. These antibody [ragments are oblained using conventional techniques known
1o those with skill in the art, and the fragments are screened lor utility in the same manner as
are intact antibodies.

An "isolated anlibody", as used herein, is intended (o refer to an antibody that is
subslantially free of other antibodies having different antigenic specificities (e.g., an

isolated antibody that specifically binds C1ORF32 proteins and/or fragments thereof, and is
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substantially free of antibodies that specifically bind antigens other than C1ORF32,
respectively. An isolated antibody that specifically binds C1ORIF32 proteins may, however,
have cross-reactivity to other antigens, such as CIORF32 molecules from other species,
respectively. Moreover, an isolated antibody may be substantially free of other cellular
material and/or chemicals.

The terms "monoclonal antibody” or "monoclonal antibody composition” as used
herein refer to a preparation of antibody molecules of single molecular composition. A
monoclonal antibody composilion displays a single binding specificity and affinity for a
particular epitope.

The term "human antibody", as used herein, is intended (0 include antibodies having
variablc regions in which both the framework and CDR rcgions arc derived from human
germline immunoglobulin sequences. Furthermore, if the antibody contains a constant
region, the constant rcgion also is derived from human germline immunoglobulin
sequences. The human antibodies according to at least some embodiments of the present
invention may include amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo). However, the term "human antibody",
as used herein, is not intended to include antibodies in which CDR sequences derived from
the germline of another mammalian species, such as a mouse, have been grafted onto
human framework sequences.

The term "human monoclonal antibody” refers to antibodies displaying a single
binding specificity which have variable regions in which both the framework and CDR
regions are derived [rom human germline immunoglobulin sequences. In one embodiment,
the human monoclonal antibodies are produced by a hybridoma which includes a B cell
obtained from a transgenic nonhuman animal, e.g., a transgenic mouse, having a genome
comprising a human heavy chain transgene and a light chain (ransgene fused to an
immortalized cell.

The term "recombinant human antibody", as used herein, includes all human
antibodies that are prepared. expressed. created or isolated by recombinanl means, such as
(a) antibodies isolated from an animal (e.2., a mouse) that is (ransgenic or
transchromosomal for human immunoglobulin genes or a hybridoma prepared therefrom
(described further below), (b) antibodies isolated from a host cell transformed to express the
human antibody. e.g., from a translectoma, (¢) antibodies isolated from a recombinant,

combinatorial human antibody library, and (d) antibodies prepared, expressed, created or
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isolated by any other means that involve splicing of human immunoglobulin 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 in vitro mutagenesis (or, when an animal transgenic for human Ig sequences is
used, in vivo somatic mutagenesis) and thus the amino acid sequences of the VH and VI.
regions of the recombinant antibodies are sequences that, while derived from and related to
human germline VH and VL sequences, may not naturally exist within the human antibody
germline repertoire in vivo.

As used herein, "isotype" refers lo the antibody class (e.g., IgM or IgGl) thal is
encoded by the heavy chain constant region genes.

‘T'he phrases "an antibody recognizing an antigen" and "an antibody specific for an
antigen” are used interchangcably hercin with the term "an antibody which binds
specifically to an antigen."

As used herein, an antibody that "specifically binds to human C1ORF32 proteins” is
intended to refer to an antibody that binds to C1ORF32 proteins, preferably one with a KD
of 5X10™® M or less, more preferably 3X10™® M or less, even more preferably 1X10° M or
less, even more preferably IX 10" M, even more preferably 1X10™" M and even more
preferably 1X10™'* M or less.

The term "K-assoc" or "Ka", as used herein, is intended to refer to the association
rate of a particular antibody-antigen interaction, whereas the term "Kdiss" or "Kd," as used
herein, is intended to refer to the dissociation rate of a particular antibody-antigen
interacton. The term "KD", as used herein. is intended (o refer (o the dissociation constant,
which is obtained from the ratio of Kd to Ka (i.e., Kd/Ka) and is expressed as a molar
concentration (M). KD values for antibodies can be delermined using methods well
established in the art. A preferred method for determining the KD of an antibody is by using
surface Plasmon resonance, preferably using a biosensor system such as a Biacore® system.

As used herein, the term "high affinity” for an 1gG antibody refers to an antibody
having a KD of 10 M or less, more preferably 107 M or less and even more preferably 107
"M or less for a target antigen. However, "high aflinity" binding can vary for other
antibody isotypes. For example, "high affinity” binding for an IgM isotype refers to an
antibody having a KD of 107 M or less, more preferably 10% M or less.

As used herein, the term "subject” or “patient” includes any human or nonhuman

animal. The term "nonhuman animal” includes all vertebrates. e.g., mammals and non-
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mammals, such as nonhuman primates, sheep, dogs, cats, horses, cows, chickens,
amphibians, reptiles, etc.

As used herein, the term “vaccine” refers to a biological preparation that improves
immunity to a particular disease, wherein the vaccine includes an antigen, such as weakened
or killed forms of pathogen, its toxins or one of its surface proteins, against which immune
responses are elicited. A vaccine typically includes an adjuvant as immune potentiator to
stimulate the immune system. As used herein, the terms ‘“therapeutic vaccine” and/or
“therapeulic vaccination” refer Lo a vaccine used (o treal ongoing disease, such as infectious
disease or cancer.

As used herein, the term “adjuvant” refers 1o an agent used (o stimulale the immune
system and increase the response to a vaccine, without having any specific antigenic effect
in itself.

Various aspccts of the present invention are described in further detail in the
following subsections.

Anti CIORF32 Antibodies

The antibodies according to at least some embodiments of the present invention
including those having the particular germline sequences, homologous antibodies,
antibodies with conservative modifications, engineered and modified antibodies are
characterized by particular functional features or properties of the antibodies. For example,
the antibodies bind specifically to human C10RF32. Preferably, an antibody according to at
least some embodiments of the present invention binds to corresponding CIORF32 with
high affinity, for example with a KD of 10® M or less or 10° M or less or even 107" M or
less. The CIORF32-specific antibodies according 1o at least some embodiments of the
present invention preferably exhibit one or more of the following characteristics:

(i) bind to corresponding human CIORF32 with a KD of 5X10® M or less, for
example optionally as described herein;

(ii) modulate (enhances or inhibits) immune costimulation and related activities and
functions such a T cell responses involved in antitumor immunity and autoimmunity:

(iii) bind to C1ORIF32 antigen expressed by cancer cells, but does not substantially
bind to normal cells:

(iv) increase T-cell proliferation;

(v) increase interferon-gamma production by T-cells;

(vi) increase II.-2 secretion;

(vii) increase Thl response;
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(f) stimulate antigen-specific memory responses;

(g) stimulate antibody responses; and/or

(h) inhibit cancer cell growth in vivo.

wherein the cancer is selected from the group consisting of Thyroid Carcinoma,
preferably Thyroid Papillary Carcinoma, Thyroid Follicular Carcinoma (preferably stage 1l
and T11), incidental papillary carcinoma (IPC), Medullary thyroid cancer, Anaplastic thyroid
cancer; Squamous cell carcinoma, squamous cell carcinoma of the esophagus; breast
carcinoma, preferably stage Il to IV and/or poorly diffcrentiated Invasive Ductal
Carcinoma, comedocarcinoma and Medullary Carcinoma, preferably Grade 2, ovarian
carcinoma, Papillary Serous and Mucinous (preferably stages Ic to 1lIb), Granular cell
tumour, Surface epithelial-stromal tumor (Adenocarcinoma), cystadenocarcinoma and
Endometrioid tumor; kidney cancer, Clear cell carcinoma (preferably stage I to 1),
Chromophobe adenoma, sarcomatoides carcinoma; Prostate adenocarcinoma, preferably
stage | to III, Benign prostatic hyperplasia, Hepatocellular carcinoma, preferably stage I
and 111, malignant hepatoma, fibrolamellar, pscudoglandular (adenoid), plcomorphic (giant
cell) and clear cell HCC and Cholangiocarcinoma, Pancreas cancer, Ductal and Mucinous
Adenocarcinoma, Islet cell carcinoma, familial atypical multiple mole melanoma-pancreatic
cancer syndrome (FAMMM-PC), Exocrine pancreas cancers, duclal adenocarcinoma,
denosquamous carcinomas, signet ring cell carcinomas, hepatoid carcinomas, colloid
carcinomas, undifferentiated carcinomas, and undifferentiated carcinomas with osteoclast-
like giant cells, Low- to intermediate-grade neuroendocrine carcinomas and pancreatic
carcinoid tumors; Malignant melanoma, preferably stage IV malignant melanoma and/or
one or more of Lentigo maligna Lentigo maligna melanoma, Superficial spreading
melanoma, Acral lentiginous melanoma, Mucosal melanoma, Nodular melanoma, Polypoid
melanoma, Desmoplastic melanoma, Amelanotic melanoma and Soft-tissue melanoma;
sarcomas of bone, cartilage and of soft tissue including but not limited to Osleogenic
sarcoma, Chondrosarcoma, Leiomyosarcoma, Angiosarcoma, Askin's Tumor, Ewing's
sarcoma,  Kaposi's  sarcoma, Liposarcoma, Malignant  fibrous  histiocytoma,
Rhabdomyosarcoma and Neurofibrosarcoma; Lymphoma, preferably comprising Hodgkin's
lymphoma (Nodular sclerosing, Mixed-cellularity subtype. Lymphocyte-rich  or
Lymphocytic predominance, Lymphocyte depleted and Unspecified). B-cell Lymphoma
(Dilfuse large B cell lymphoma, Follicular lymphoma. Mucosa-Associated Lymphatic
Tissue lymphoma (MALT), Small cell lymphocytic lymphoma, Burkitt lymphoma,
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Mediastinal large B cell lymphoma, Waldenstrom macroglobulinemia, Nodal marginal zone
B cell lymphoma (NMZL), Splenic marginal zone lymphoma (SMZL.), Intravascular large
B-cell lymphoma, Primary effusion lymphoma, Lymphomatoid granulomatosis), Mantle
cell lymphoma (MCL), T-cell Lymphoma (Extranodal T cell lymphoma, Cutaneous T cell
lymphomas: Sézary syndrome and Mycosis fungoides, Anaplastic large cell lymphoma,
Angioimmunoblastic T cell lymphoma); Uterine cancer, preferably comprising
Endometroid Adenocarcinoma (preferably stages I to Illc); Bladder cancer, preferably
comprising Transitional Cell carcinoma (preferably stage II to IV); Lung cancer preferably
comprising Small Cell T.ung Cancer (preferably stage I, to IIIb), Non Small Cell T.ung
Cancer (preferably poorly to moderately differentiated squamous and adeno carcinoma) and
Large-cell carcinoma, (esticular seminoma, Colo-rectal cancer prelerably comprises colon
and rectal adenocarcinoma (preferably Moderate to Poorly Differentiated); and spinal cord
tumors.

In addition, preferably these antibodies and/or conjugates thereof are effective in
eliciting selective killing of such cancer cells and for modulating immune responses
involved in autoimmunity and cancer.

Standard assays to evaluate the binding ability of the antibodies toward C10RFE32are
known in the art, including for example, ELISAs, Western blots and RIAs. Suitable assays
are described in detail in the Examples. The binding kinetics (e.g., binding affinily) of the
antibodies also can be assessed by standard assays known in the art, such as by Biacore
analysis.

Upon production of C10ORF32-specific antibody sequences from antibodies can bind
to CIORF32 the VII and VL sequences can be "mixed and matched" to create other
anliCIORF32, binding molecules according to at least some embodiments of the present
invention. C10RI'32 binding of such "mixed and matched" antibodies can be tested using
the binding assays described above. e.g., ELISAs). Preferably, when VH and VI. chains are
mixed and matched, a VI sequence from a particular VH/VL pairing is replaced with a
structurally similar VI scquence. Likewisc, preferably a VL scquence from a particular
VH/VI. pairing is replaced with a structurally similar VI, sequence. For example, the VH
and VL sequences ol homologous antibodies are particularly amenable for mixing and

malching.
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ANTIBODIES HAVING PARTICULAR GERMLINE SEQUENCES

In certain embodiments, an antibody of the present invention comprises a heavy chain
variable region from a particular germline heavy chain immunoglobulin gene and/or a light
chain variable region from a particular germline light chain immunoglobulin gene.

As used herein, a human antibody comprises heavy or light chain variable regions that
is "the product of" or "derived from" a particular germline sequence if the variable regions
of the antibody are obtained from a system that uses human germline immunoglobulin
genes. Such systems include immunizing a (ransgenic mouse carrying human
immunoglobulin genes with the antigen of interest or screening a human immunoglobulin
gene library displayed on phage with the antigen ol inleresl. A human antibody that is "the
product of" or "dcrived from" a human germline immunoglobulin sequence can be
identified as such by comparing the amino acid sequence of the human antibody to the
amino acid scquences of human germline immunoglobulins and selecting the human
germline immunoglobulin sequence that is closest in sequence (i.c., greatest % identity) to
the sequence of the human antibody.

A human antibody that is "the product of" or "derived from" a particular human
germline immunoglobulin sequence may contain amino acid differences as compared to the
germline sequence, due to, for example, naturally-occurring somatic mutations or
intentional introduction of site-directed mutation. However, a selected human antibody
typically is at least 90% identical in amino acids sequence to an amino acid sequence
encoded by a human germline immunoglobulin gene and contains amino acid residues that
identify the human antibody as being human when compared (o the germline
immunoglobulin amino acid sequences of other species (e.g., murine germline sequences).
In certain cases, a human antibody may be at least 95, %, 96%, 97%, 98%, or 99% identical
in amino acid sequence fto the amino acid sequence encoded by the germline
immunoglobulin gene. Typically, a human antibody derived from a particular human
germline sequence will display no more than 10 amino acid differences from the amino acid
sequence encoded by the human germline immunoglobulin gene. In certain cases, the
human antibody may display no more than 5, or even no more than 4,3, 2, or 1 amino acid
difference from the amino acid sequence encoded by the germline immunoglobulin gene.

HOMOLOGOUS ANTIBODIES

In yet another embodiment, an antibody of the present invention comprises heavy and
light chain variable regions comprising amino acid sequences that are homologous (0

jsolated anti-C1ORF32 amino acid sequences of preferred anti-CIORF32 antibodies,
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respectively, wherein the antibodies retain the desired functional properties of the parent
anti-C10RF32 antibodies.

As used herein, the percent homology between two amino acid sequences is
equivalent to the percent identity between the two sequences. The percent identity between
the two sequences is a function of the number of identical positions shared by the sequences
(.., % homology=# of identical positions/total # of positions X 100), taking into account
the number of gaps, and the length of each gap, which need to be introduced for optimal
alignment of the two sequences. The comparison of sequences and determination of percent
identity between two sequences can be accomplished using a mathematical algorithm, as
described in the non-limiling examples below.

The percent identity between two amino acid sequences can be determined using the
algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17 (1988)) which has
been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using the Needleman and Wunsch (J.
Mol. Biol. 48:444-453 (1970)) algorithm which has been incorporated into the GAP
program in the GCG software package (available commercially), using either a Blossum 62
matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
weight of 1,2, 3,4, 5, or 6.

Additionally or allernatively, the protein sequences of the present invention can
further be used as a "query sequence” (o perform a search against public databases to, for
example, identify related sequences. Such searches can be performed using the XBLAST
program (version 2.0) of Altschul, et al. (1990) J Mol. Biol. 215:403-10. BLAST protein
searches can be performed with the XBLAST program, score=50, wordlength=3 to obtain
amino acid sequences homologous to the antibody molecules according to at least some
embodiments of the present invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul et al., (1997) Nucleic
Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (¢.g.. XBLAST and NBLAST) can be used.

Antibodies with Conservative Modifications
In certain embodiments, an antibody of the present invention comprises a heavy chain
variable region comprising CDR I, CDR2 and CDR3 sequences and a light chain variable

region comprising CDR1, CDR2 and CDR3 sequences. wherein one or more of these CDR
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sequences comprise specified amino acid sequences based on preferred anti-C1ORF32
antibodies isolated and produced using methods herein, or conservative modifications
thereof, and wherein the antibodies retain the desired functional properties of the anti-
C10ORF32 antibodies according to at least some embodiments of the present invention,
respectively.

In various embodiments, the anti-C1ORF32 antibody can be, for example, human
antibodies, humanized antibodies or chimeric antibodies.

As used herein, the term "conservalive sequence modifications” is intended Lo refer Lo
amino acid modifications that do not significantly affect or alter the binding characteristics
of the antibody containing the amino acid sequence. Such conservative modilications
include amino acid substitutions, additions and dclctions. Modifications can be introduced
into an antibody according to at least some embodiments of the present invention by
standard techniques known in the art, such as site-directed mutagencsis and PCR-mediated
mutagenesis. Conservative amino acid substitutions are ones in which the amino acid
residue is replaced with an amino acid residue having a similar side chain. Families of
amino acid residues having similar side chains have been defined in the art. These families
include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side
chains (e.g., alanine, valine, leucine. isoleucine. proline, phenylalanine, methionine), beta-
branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histidine). Thus, 1,2,3.4,5,6,7,8,9, or 10 amino
acid residues within the CDR regions of an antibody according (o at least some
embodiments of the present invention can be replaced with other amino acid residues from
the same side chain family and the altered antibody can be tested for retained function (i.e.,
the functions set forth in (c) through (j) above) using the functional assays described herein.
Also computer programs are available to perform these and other simultaneous
optimizations as are well known in (he art.

In some embodinents, only one subslitution is made. In some embodiments, 2-3
substitutions are made. In still other embodiments, 4-6 substitutions are made. In still other
embodiments, 7-10 substitutions are made.

Antibodies that Bind (o the Same Iipitope as anti-C1ORF32 according (o al least some

embodiments of the present invention.
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In- another embodiment, the present invention provides antibodies that bind to
preferred epitopes on human C1ORF32 which possess desired functional properties such as
modulation of B7 co-stimulation and related functions. Other antibodies with desired
epitope specificity may be selected and will have the ability to cross-compete for binding to
CIORF32 antigen with the desired antibodies.

ENGINEERED AND MODIFIED ANTIBODIES

An antibody according to at least some embodiments of the present invention further
can be prepared using an antibody having one or more of the VH and/or VL sequences
derived from an anti-C10RF32 antibody starting material to engineer a modified antibody,
which modified antibody may have altered propertics [rom the starling antibody. An
antibody can be engineered by modifying one or more residues within one or both variable
regions (i.e., VH and/or VL), for example within one or more CDR regions and/or within
onc or morc framework regions. Additionally or alternatively, an antibody can be
engineered by modifying residues within the constant regions, for example to alter the
effector functions of the antibody.

One type of variable region engineering that can be performed is CDR grafting.
Antibodies interact with target antigens predominantly through amino acid residues that are
located in the six heavy and light chain complementarity determining regions (CDRs). For
this reason, the amino acid sequences within CDRs are more diverse between individual
antibodies than sequences outside of CDRs. Because CDR sequences are responsible for
most antibody-antigen interactions, it is possible to express recombinant antibodies that
mimic the properties of specific naturally occurring antibodies by constructing expression
veclors that include CDR sequences [rom the specific naturally occurring antibody grafted
onto framework sequences from a different antibody with different properties (see, e.g.,
Riechmann, L. et al. (1998) Nature 332:323-327; Jones, P. et al. (1986) Nature 321:522-
525; Queen, C. et al. (1989) Proc. Natl. Acad. See. U.S.A. 86:10029-10033; U.S. Pat. No.
5,225,539 to Winter, and U.S. Pat. Nos. 5,530,101; 5,585,089; 5,693,762 and 6.180.370 to
Queen et al.)

Suitable framework sequences can be obtained from public DNA databases or
published references that include germline antibody gene sequences. For example, germline
DNA sequences for human heavy and light chain variable region genes can be found in the
"VBase" human germline sequence database (available on the Internet), as well as in Kabat,
E. A, et al. (1991) Sequences of Proteins of Immunological Interest, Filth Edition, U.S.

Department of Health and Human Services, NIH Publication No. 91-3242: Tomlinson, 1.
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M., et al. (1992) "The Repertoire of Human Germline VH Sequences Reveals about Fifty
Groups of VH Segments with Different Hypervariable Loops” J. Mol. Biol. 227:776-798;
and Cox, J. P. L. et al. (1994) "A Directory of Human Germ-line VH Segments Reveals a
Strong Bias in their Usage" Eur. J Immunol. 24:827-836; the contents of each of which are
expressly incorporated herein by reference.

Another type of variable region modification is to mutate amino acid residues within
the VH and/or VL. CDR 1, CDR2 and/or CDR3 regions to thereby improve one or more
binding properlies (e.g., affinity) ol the antibody of inleresl. Site-directed mutagenesis or
PCR-mediated mutagenesis can be performed to introduce the mutations and the effect on
anlibody binding, or other [unctional property ol inlerest, can be evalualed in appropriate in
vitro or in vivo assays. Prefcrably conservative modifications (as discusscd above) arc
introduced. ‘The mutations may be amino acid substitutions, additions or deletions, but are
preferably substitutions. Morcover, typically no more than one, (wo, three, four or five
residues within a CDR region are altered.

Engineered antibodies according to at least some embodiments of the present
invention include those in which modifications have been made to framework residues
within VH and/or VL, e.g. to improve the properties of the antibody. Typically such
framework modifications are made to decrease the immunogenicity of the antibody. For
example, one approach is to "backmutate” one or more framework residues 0 the
corresponding germline sequence. More specifically, an antibody that has undergone
somatic mutation may contain framework residues that differ from the germline sequence
from which the antibody is derived. Such residues can be identified by comparing the
antibody [ramework sequences to the germline sequences from which the antibody is
derived.

In addition or alternative to modifications made within the framework or CDR
regions, antibodies according to at least some embodiments of the present invention may be
engineered (o include modifications within the Fc region, typically to alter one or more
functional properties of the antibody, such as serum half-life, complement fixation, Fc
receptor binding. and/or antigen-dependent cellular cylotoxicity. Furthermore, an antibody
according to at least some embodiments of the present invention may be chemically
modified (e.g., one or more chemical moicties can be allached (o the antibody) or be
modified to alter its glycosylation, again (0 alter one or more [unctional properties of the
antibody. Such embodiments arc described further below. The numbering of residues in the

Fc region is that of the EU index ol Kabat
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In one embodiment, the hinge region of CHI1 is modified such that the number of
cysteine residues in the hinge region is altered, e.g., increased or decreased. This approach
is described further in U.S. Pat. No. 5,677,425 by Bodmer et al. The number of cysteine
residues in the hinge region of CHI is altered to, for example, facilitate assembly of the
light and heavy chains or to increase or decrease the stability of the antibody.

In another embodiment, the Fc hinge region of an antibody is mutated to decrease the
biological half life of the antibody. More specifically, one or more amino acid mutations are
introduced into the CH2-CH3 domain interface region of the Fe-hinge [ragment such that
the antibody has impaired Staphylococcyl protein A (SpA) binding relative to native Fe-
hinge domain SpA binding. This approach is described in [urther detail in U.S. Pat. No.
6,165,745 by Ward ct al.

In another embodiment, the antibody is modified to increase its biological half life.
Various approaches arc possible. For example, onc or more of the following mutations can
be introduced: T252L, T254S, T256F, as described in U.S. Pat. No. 6,277,375 to Ward.
Alternatively, to increase the biological half life, the antibody can be altered within the CIH1
or CL region (o contain a salvage receptor binding epitope taken from two loops of a CH2
domain of an Fc region of an IgG, as described in U.S. Pat. Nos. 5,869,046 and 6,121,022
by Presta et al.

In yet other embodiments, the Fc region is altered by replacing at least one amino acid
residue with a different amino acid residue to alter the effector functions of the antibody.
For example, one or more amino acids selected from amino acid residues 234, 235, 236,
237,297, 318, 320 and 322 can be replaced with a different amino acid residue such that the
antibody has an altered affinity for an effector ligand bul retains the antigen-binding ability
of the parent antibody. The effector ligand to which affinity is altered can be, for example,
an Fc receptor or the C1 component of complement. This approach is described in further
detail in U.S. PPat. Nos. 5,624,821 and 5,648,260, both by Winter et al.

In another example, one or more amino acids selected from amino acid residues 329.
331 and 322 can be replaced with a different amino acid residue such that the antibody has
altered C'lq binding and/or reduced or abolished complement dependent cylotoxicity
(CDC). This approach is described in further detail in U.S. Pat. Nos. 6,194,551 by Idusogic
et al.

In another example, one or more amino acid residues within amino acid positions 231
and 239 are altered lo thereby alter the ability of the antibody to fix complement. This

approach is described further in PCT Publication WO 94/29351 by Bodmer et al.
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In yet another example, the Fc region is modified to increase the ability of the
antibody to mediate antibody dependent cellular cytotoxicity (ADCC) and/or to increase the
affinity of the antibody for an Fcy receptor by modifying one or more amino acids at the
following positions: 238, 239, 248, 249, 252, 254, 255, 256, 258, 265, 267, 268, 269, 270,
272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 298, 301, 303, 305,
307, 309, 312, 315, 320, 322, 324, 326, 327, 329, 330, 331, 333, 334, 335, 337, 338, 340,
360, 373, 376, 378, 382, 388, 389, 398, 414, 416, 419, 430, 434, 435, 437, 438 or 439. This
approach is described further in PCT Publication WO 00/42072 by Presta. Moreover, the
binding sites on human IgG1 for Fc grammar, Fc gamma RII, Fc gammaRIII and FcRn have
been mapped and variants with improved binding have been described (see Shields, R. L. et
al. (2001) J. Biol. Chem. 276:6591-6604). Specific mutations at positions 256, 290, 298,
333, 334 and 339 are shown to improve binding to FcyRIIL. Additionally, the following
combination mutants are shown to improve Fcgamma.RIII binding: T256A/S298A,
S298A/E333A, S298A/K224A and S298A/E333A/K334A. Furthermore, mutations such as
M252Y/S254T/T256E or M428L/N434S improve binding to FcRn and increase antibody
circulation half-life (see Chan CA and Carter PJ (2010) Nature Rev Immunol 10:301-316).

In still another embodiment, the glycosylation of an antibody is modified. For
example, an aglycoslated antibody can be made (i.e., the antibody lacks glycosylation).
Glycosylation can be altered to, for example, increase the affinity of the antibody for
antigen. Such carbohydrate modifications can be accomplished by, for example, altering
one or more sites of glycosylation within the antibody sequence. For example, one or more
amino acid substitutions can be made (hat result in elimination of one or more variable
region framework glycosylation sites to thereby eliminate glycosylation at that site. Such
aglycosylation may increase the affinity of the antibody for antigen. Such an approach is
described in further detail in U.S. Pat. Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, an antibody can be made that has an altered type of
glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl
residues or an antibody having increased bisecting GlcNac structures. Such altered
glycosylation patterns have been demonstrated to increase the ADCC ability of antibodies.
Such carbohydrate modifications can be accomplished by, for example, expressing the
antibody in a host cell wilh altered glycosylation machinery. Cells with altered
glycosylation machinery have been described in the art and can be used as host cells in
which to express recombinant antibodies according to at least some embodiments of the

present invention to thereby produce an antibody with altered glycosylation. For example,
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the cell lines Ms704, Ms705, and Ms709 lack the fucosyltransferase gene, FUTS (alpha
(1,6) fucosyltransferase), such that antibodies expressed in the Ms704, Ms705, and Ms709
cell lines lack fucose on their carbohydrates. The Ms704, Ms705, and Ms709 FUTS.-/- cell
lines are created by the targeted disruption of the FUT8 gene in CHO/DG44 cells using two
replacement vectors (see U.S. Patent Publication No. 20040110704 by Yamane et al. and
Yamane-Ohnuki et al. (2004) Biotechnol Bioeng 87:614-22). As another example, EP
1,176,195 by Hanai et al. describes a cell line with a functionally disrupted FUT8 gene,
which encodes a [ucosyl transferase, such that antibodies expressed in such a cell line
exhibit hypofucosylation by reducing or eliminating the alpha 1,6 bond-related enzyme.
Hanai el al. also describe cell lines which have a low enzyme activity [or adding fucose to
the N-acetylglucosamine that binds to the Fe region of the antibody or docs not have the
enzyme activity, for example the rat myeloma cell line YB2/0 (ATCC CRL 1662). PCT
Publication WO 03/035835 by Presta describes a variant CHO cell line, Lecl3 cells, with
reduced ability to attach fucose to Asn(297)-linked carbohydrates, also resulting in
hypofucosylation of antibodies expressed in that host cell (see also Shields, R. L. et al.
(2002) J. Biol. Chem. 277:26733-26740). PCT Publication WO 99/54342 by Umana et al.
describes cell lines engineered to express glycoprotein-modifying glycosyl transferases
(c.g., beta(l,4)-N-acetylglucosaminyltransferase 111 (GnTIII)) such that antibodies
expressed in the engineered cell lines exhibit increased bisecting GlcNac structures which
results in increased ADCC activity of the antibodies (see also Umana et al. (1999) Nat.
Biotech. 17:176-180). Alternatively, the fucose residues of the antibody may be cleaved off
using a fucosidase enzyme. I'or example, the fucosidase alpha-L-fucosidase removes
[ucosyl residues from antibodies (Tarentino, A. L. et al. (1975) Biochem. 14:5516-23).
Another modification of the antibodies herein that is contemplated by the present
invention is pegylation. An antibody can be pegylated to, for example, increase the
biological (e.g., serum) half life of the antibody. To pegylate an antibody, the antibody, or
fragment thereol, typically is reacted with polyethylene glycol (PEG), such as a reactive
ester or aldehyde derivative of PEG. under conditions in which one or more PEG groups
become altached 1o the antibody or antibody fragment. Preferably, the pegylation is carried
out via an acylation reaction or an alkylation reaction with a reactive PEG molecule (or an
analogous reaclive waler-soluble polymer). As used herein, the term "polyethylene glycol”
is intended 10 encompass any of the forms of PEG that have been used to derivatize other
proteins, such as mono (C1-C10) alkoxy- or aryloxy-polyethylene glycol or polyethylene

glycol-maleimide. In certain embodiments, the antibody to be pegylated is an aglycosylated
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antibody. Methods for pegylating proteins are known in the art and can be applied to the
antibodies according to at least some embodiments of the present invention. See for
example, EP 0 154 316 by Nishimura et al. and EP 0 401 384 by Ishikawa et al.

METHODS OF ENGINEERING ANTIBODIES

As discussed above, anti-C1ORI32 antibodies having VII and VK sequences
disclosed herein can be used (o create new anti-C10ORF32 antibodies, respectively, by
modifying the VH and/or VL sequences, or the constant regions attached thereto. Thus, in
another aspecl according to al least some embodiments of (he present invention, the
structural features of an anti-C1ORF32 antibody according to at least some embodiments of
the present invention, are used (o create structurally related anti-C1ORF32 antibodies that
retain at least onc functional property of the antibodics according to at lcast some
embodiments of the present invention, such as binding to human C10RF32, respectively.
For example, one or morc CDR regions of one C10RF32 antibody or mutations thereof, can
be combined recombinantly with known framework regions and/or other CDRs to create
additional, recombinantly-engineered, anti-C10RF32 antibodies according to at least some
embodiments of the present invention, as discussed above. Other types of modifications
include those described in the previous section. The starting material for the engineering
method is one or more of the VH and/or VK sequences provided herein, or one or more
CDR regions thereof. To create the engineered antibody, it is not necessary to actually
prepare (i.c., express as a protein) an antibody having one or more of the VH and/or VK
sequences provided herein, or one or more CDR regions thereof. Rather, the information
contained in the sequences is used as the starling material to create a "second generation"
sequences derived from the original sequences and then the "second generation” sequences
is prepared and expressed as a protein.

Standard molecular biology techniques can be used to prepare and express altered
antibody sequence.

Preferably, the antibody encoded by the altered antibody sequences is one that retains
one, some or all of the functional properties of the anti-C1ORF32 antibodies, respectively,
produced by methods and with sequences provided herein, which functional properties
include binding to C1ORF32 antigen with a specific KD level or less and/or modulating B7
costimulation and/or selectively binding (o desired target cells such as for example cancer
cells, that express C1ORF32 antigen.

The functional properties ol the altered antibodies can be assessed using standard

assays available in the art and/or described herein.
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In certain embodiments of the methods of engineering antibodies according to at least
some embodiments of the present invention, mutations can be introduced randomly or
selectively along all or part of an anti-C10ORF32antibody coding sequence and the resulting
modified anti-C10RF32 antibodies can be screened for binding activity and/or other desired
functional properties.

Mutational methods have been described in the art. For example, PCT Publication
WO 02/092780 by Short describes methods for creating and screening antibody mutations
using saluralion mulagenesis, synthetic ligation assembly, or a combination thereof.
Alternatively, PCT Publication WO 03/074679 by Lazar et al. describes methods of using
computational screening methods (o optimize physiochemical properties of antibodies.

NUCLEIC ACID MOLECULES ENCODING ANTIBODIES

Another aspect of the present invention pertains to nucleic acid molecules that encode
the antibodies according to at least some embodiments of the present invention. The nucleic
acids may be present in whole cells, in a cell lysate, or in a partially purified or substantially
pure form. A nucleic acid is "isolated" or "rendered substantially pure” when purified away
from other cellular components or other contaminants, e.g., other cellular nucleic acids or
proteins, by standard techniques, including alkaline/SDS treatment, CsCl banding, column
chromatography, agarose gel electrophoresis and others well known in the art. See, F.
Ausubel, et al., ed. (1987) Current Protocols in Molecular Biology, Greene Publishing and
Wiley Interscience, New York. A nucleic acid according to at least some embodiments of
the present invention can be, for example, DNA or RNA and may or may not contain
intronic sequences. In a preferred embodiment, the nucleic acid is a cDNA molecule.

Nucleic acids according (o at least some embodiments of the present invention can be
obtained using standard molecular biology techniques. For antibodies expressed by
hybridomas (e.g., hybridomas prepared from transgenic mice carrying human
immunoglobulin genes as described further below), cDNAs encoding the light and heavy
chaing of the antibody made by the hybridoma can be obtained by standard PCR
amplification or c¢DNA cloning techniques. For antibodies obtained from an
immunoglobulin gene library (e.g., using phage display techniques). nucleic acid encoding
the antibody can be recovered from the library.

Once DNA fragments encoding VH and VL segments arc obtained, these DNA
[ragments can be further manipulated by standard recombinant DNA lechniques, for
example lo convert the variable region genes to full-length antibody chain genes. (o Fab

[ragment genes or to a scFv gene. In these manipulations, a VI.- or VIl-encoding DNA
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fragment is operatively linked to another DNA fragment encoding another protein, such as
an antibody constant region or a flexible linker.

The term "operatively linked", as used in this context, is intended to mean that the two
DNA fragments are joined such that the amino acid sequences encoded by the two DNA
fragments remain in-frame.

The isolated DNA encoding the VH region can be converted to a full-length heavy
chain gene by operatively linking the VH-encoding DNA (o another DNA molecule
encoding heavy chain constant regions (CHI, CH2 and CH3). The sequences of human
heavy chain constant region genes are known in the art (see e.g., Kabat, E. A., el al. (1991)
Sequences ol Proteins of Immunological Interest, Fifth Edition, U.S. Department ol Health
and Human Services, NIH Publication No. 91-3242) and DNA fragments cncompassing
these regions can be obtained by standard PCR amplification. The heavy chain constant
rcgion can be an IgG1, 1gG2, 1gG3, 1gG4, IgA, IgE, IgM or IgD constant region, but most
preferably is an IgG1 or IgG4 constant region. For a Fab fragment heavy chain gene, the
VH-encoding DNA can be operatively linked to another DNA molecule encoding only the
heavy chain CHI constant region.

The isolated DNA encoding the VL region can be converted to a full-length light
chain gene (as well as a Fab light chain gene) by operatively linking the VL-encoding DNA
to another DNA molecule encoding the light chain constant region, CI.. The sequences of
human light chain constant region genes arc known in the art (see e.g.. Kabat, E. A., et al.
(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIII Publication No. 91-3242) and DNA fragmenls
encompassing these regions can be obtained by standard PCR amplification. The light chain
constant region can be a kappa or lambda constant region, but most preferably is a kappa
constant region.

To create a sc'v gene, the VII- and VL-encoding DNA fragments are operatively
linked to another fragment encoding a flexible linker, e.g.. encoding the amino acid
sequence (Gly4-Ser)3, such that the VH and VL sequences can be expressed as a contiguous
single-chain protein, with the VL and VII regions joined by the flexible linker (see e.g.,
Bird et al. (1988) Science 242:423-426; Huston et al. (1988) Proc. Naul. Acad. Sci. USA
85:5879-5883; McCafferty el al., (1990) Nature 348:552-554).

PRODUCTION OF ANTI-C10RF32 MONOCLONAL ANTIBODIES
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“Monoclonal antibodies (mAbs) of the present invention can be produced by a variety
of techniques, including conventional monoclonal antibody methodology e.g., the standard
somatic cell hybridization technique of Kohler and Milstein (1975) Nature 256:495.
Although somatic cell hybridization procedures are preferred, in principle, other techniques
for producing monoclonal antibody can be employed e.g., viral or oncogenic transformation
of B lymphocytes.

A preferred animal system for preparing hybridomas is the murine system. Hybridoma
production in the mouse is a very well-established procedure. Immunization protocols and
techniques for isolation of immunized splenocytes for fusion are known in the art. Fusion
partners (e.g., murine myeloma cells) and [usion procedures are also known.

Chimeric or humanized antibodies of the present invention can be prepared based on
the sequence of a murine monoclonal antibody prepared as described above. DNA encoding
the heavy and light chain immunoglobulins can be obtained from the murine hybridoma of
interest and engineered to contain non-murine (e.g.,. human) immunoglobulin sequences
using standard molecular biology techniques. For example, to create a chimeric antibody,
the murine variable regions can be linked to human constant regions using methods known
in the art (see e.g., U.S. Pat. No. 4,816,567 to Cabilly et al.). To create a humanized
antibody, the murine CDR regions can be inserted into a human framework using methods
known in the art (see e.g., U.S. Pat. No. 5,225,539 to Winter, and U.S. Pat. Nos. 5.530,101;
5,585.089: 5,693,762 and 6,180,370 to Queen et al.).

According (o at least some embodimentsof the present invention, the antibodies are
human monoclonal antibodies. Such human monoclonal antibodies direcled against
CIORF32 can be generated using transgenic or (ranschromosomic mice carrying parts of
the human immune system rather than the mouse system. These transgenic and
transchromosomic mice include mice referred to herein as the HIMAb Mouse RTM and
KM Mouse RTM, respectively, and are collectively referred (o herein as "human Ig mice."
The HuMAb Mouse TM. (Medarex. Inc.) contains human immunoglobulin gene miniloci
that encode unrearranged human heavy (mu and gamma) and kappa light chain
immunoglobulin sequences, together with targeted mulations that inactivate the endogenous
mu and kappa chain loci (see e.g., Tonberg, et al. (1994) Natwre 368(6474): 856-859).
Accordingly, the mice exhibit reduced expression of mouse IgM or kappa, and in response
to immunization, the introduced human heavy and light chain transgenes undergo class
switching and somatic mulalion (o generate high affinity human IgGkappa. monoclonal

(Lonberg, N. ct al. (1994), supra; reviewed in Lonberg, N. (1994) Tlandbook of
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Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D. (1995) Intern. Rev.
Immunol. 13: 65-93, and Harding, F. and Lonberg, N. (1995) Ann. N.Y. Acad. Sci.
764:536-546). The preparation and use of the HuMab Mouse RTM., and the genomic
modifications carried by such mice, is further described in Taylor, L. et al. (1992) Nucleic
Acids Research 20:6287-6295: Chen, J. et al. (1993) International Immunology 5:647-656;
Tuaillon et al. (1993) Proc. Natl. Acad. Sci. USA 90:3720-3724; Choi et al. (1993) Nature
Genetics 4:117-123; Chen, J. et al. (1993) EMBO J. 12: 821-830; Tuaillon et al. (1994) J.
Immunol. 152:2912-2920; Taylor, L. et al. (1994) International Immunology 6:579-591;
and Fishwild, D. et al. (1996) Nature Biotechnology 14: 845-851, the contents of all of
which are hereby specilically incorporated by reference in (heir entirety. See (urther, U.S.
Pat. Nos. 5.545,806; 5,569,825; 5,625,126; 5,633,425; 5,789,650; 5,877,397; 5,661,010;
5,814,318; 5,874,299; and 5,770,429; all to Lonberg and Kay; U.S. Pat. No. 5,545,807 to
Surani ct al.; PCT Publication Nos. WO 92/03918, WO 93/12227, WO 94/25585, WO
07/13852, WO 98/24884 and WO 99/45962, all to Lonberg and Kay; and PCT Publication
No. WO 01/14424 to Korman et al.

In another embodiment, human antibodies according to at least some embodiments of
the present invention can be raised using a mouse that carries human immunoglobulin
sequences on transgenes and transchomosomes, such as a mouse that carries a human heavy
chain transgene and a human light chain transchromosome. Such mice, referred to herein as
"KM mice TM.", are described in detail in PCT Publication WO 02/43478 to Ishida et al.

Still further, alternative transgenic animal systems expressing human immunoglobulin
genes are available in the art and can be used to raise anti-C10RI'32 antibodies according to
al least some embodiments of the present invention. For example, an alternalive ransgenic
system referred to as the Xenomouse (Abgenix, Inc.) can be used; such mice are described
in, for example, U.S. Pat. Nos. 5,939,598; 6,075,181, 6,114,598; 6, 150,584 and 6,162,963
to Kucherlapati et al.

Moreover, alternative transchromosomic animal systems expressing human
immunoglobulin genes are available in the art and can be used (o raise anti-C1ORI32
antibodies according (o al least some embodiments of the present invention. For example,
mice carrying both a human heavy chain transchromosome and a human light chain
transchromosome. referred lo as "TC mice" can be used; such mice are described in
Tomizuka et al. (2000) Proc. Natl. Acad Sci. USA 97:722-727. Furthermore, cows carrying

human heavy and light chain transchromosomes have been described in the art (Kuroiwa et
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al. (2002) Nature Biotechnology 20:889-894) and can be used to raise anti-C10ORIF32
antibodies according to at least some embodiments of the present invention.

Human monoclonal anlibodies according o at least some embodiments of the present
invention can also be prepared using phage display methods for screening libraries of
human imnunoglobulin genes. Such phage display methods for isolating human antibodies
are established in the art. See for example: U.S. Pat. Nos. 5,223,409; 5,403,484; and
5,571,698 to Ladner et al.; U.S. Pat. Nos. 5,427,908 and 5,580,717 to Dower et al.;: U.S. Pat.
Nos. 5,969,108 and 6,172,197 to McCalferty et al.; and U.S. Pat. Nos. 5,885,793;
6,521,404, 6,544,73 1; 6,555,313; 6,582,915 and 6,593,081 to Griffiths et al.

Human monoclonal antibodies according (o al least some embodiments of the present
invention can also be prepared using SCID mice into which human imimune cells have been
reconstituted such that a human antibody response can be generated upon immunization.
Such mice arc described in, for example, U.S. Pat. Nos. 5,476,996 and 5,698,767 to Wilson
et al.

IMMUNIZATION OF HUMAN IG MICE

When human Ig mice are used to raise human antibodies according to at least some
embodiments of the present invention, such mice can be immunized with a purified or
enriched preparation of C1ORF32 antigen and/or recombinant C1ORF32 fusion protein, as
described by T.onberg, N. et al. (1994) Nature 368(6474): 856-859; Fishwild, D. et al.
(1996) Nature Biolechnology 14: 845-851; and PCT Publication WO 98/24884 and WO
(01/14424. Preferably, the mice will be 6-16 weeks of age upon the first infusion. For
example, a purified or recombinant preparation (5-50 microgram) of C1ORF32 antigen can
be used (o immunize the human lg mice intraperitoneally.

Prior experience with various antigens by others has shown that the transgenic mice
respond when initially immunized intraperitoneally (IP) with antigen in complete Freund's
adjuvant, followed by every other week 1P immunizations (up to a total of 6) with antigen in
incomplete Freund’s adjuvant. However, adjuvants other than Freund's are also found to be
effective. In addition, whole cells in the absence of adjuvant are found to be highly
immunogenic. The immune response can be monitored over the course of the immunization
protocol with plasma samples being obtained by retroorbital bleeds. The plasma can be
screened by ELISA (as described below), and mice with sufficient titers of anti-C10RF32
human immunoglobulin can be used for fusions. Mice can be boosted intravenously with
antigen 3 days before sacrifice and removal of the spleen. It is expected that 2-3 fusions for

each immunization may need (o be performed. Between 6 and 24 mice are typically
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immunized for each antigen. Usually both HCo7 and HCol2 strains are used. In addition,
both HCo7 and HCo12 transgene can be bred together into a single mouse having two
different human heavy chain transgenes (HCo7/HCo 12). Alternatively or additionally, the
KM Mouse. RTM. strain can be used.

GENERATION OF HYBRIDOMAS PRODUCING HUMAN MONOCLONAL
ANTIBODIES

To generate hybridomas producing human monoclonal antibodies according to at least
some embodiments of the present invention, splenocytes and/or lymph node cells [rom
immunized mice can be isolated and fused to an appropriate immortalized cell line, such as
a mouse myeloma cell line. The resulting hybridomas can be screened for the production of
antigen-specific antibodies. For cxample, single ccll suspensions of splenic lymphocytes
from immunized mice can be fused to one-sixth the number of P3X63-Ag8.653
nonsecreting mouse mycloma cells (ATCC, CRL 1580) with 50% PEG. Cells are plated at
approximately 2 X 10 -5 in flat bottom microtiter plate, followed by a two week incubation
in selective medium containing 20% fetal Clone Serum, 18% "653" conditioned media, 5%
origen (IGEN), 4 mM L-glutamine, 1 mM sodium pyruvate, 5 mM HEPES, 0.055 mM 2-
mercaptoethanol, 50 units/ml penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin and
IX HAT (Sigma; the HAT is added 24 hours after the fusion). After approximately two
weeks, cells can be cultured in medium in which the HAT is replaced with HT. Individual
wells can then be screened by ELISA for human monoclonal IgM and IgG antibodies. Once
extensive hybridoma growth occurs, medium can be observed usually after 10-14 days. The
antibody secreting hybridomas can be replated, screened again, and if still positive for
human IgG, the monoclonal antibodies can be subcloned at least twice by limiting dilution.
The stable subclones can then be cultured in vitro to generate small amounts of antibody in
tissue culture medium for characterization.

To purify human monoclonal antibodies, selected hybridomas can be grown in two-
liter spinner-flasks for monoclonal antibody purification. Supernatants can be filtered and
concentrated before affinily chromatography with protein A-Sepharose (Pharmacia,
Piscataway, N.J.). Eluted 1gG can be checked by gel electrophoresis and high performance
liquid chromatography to ensure purity. The buffer solution can be exchanged into PBS, and
the concentration can be determined by OD28() using 1.43 extinction coeflicient. The
monoclonal antibodies can be aliquoted and stored at -80 degrees C.

GENERATION OF TRANSFECTOMAS PRODUCING MONOCLONAL
ANTIBODIES
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Antibodies according to at least some embodiments according to at least some
embodiments of the present invention also can be produced in a host cell transfectoma
using, for example, a combination of recombinant DNA techniques and gene transfection
methods as is well known in the art (e.g., Morrison, S. (1985) Science 229:1202).

[or example, to express the antibodies, or antibody fragments thereof, DNAs
encoding partial or full-length light and heavy chains, can be obtained by standard
molecular biology techniques (e.g., PCR amplification or cDNA cloning using a hybridoma
that expresses (he antibody of interest) and the DNAs can be inserted into expression
vectors such that the genes are operatively linked to transcriptional and translational control
sequences. In this context, the lerm "operalively linked" is intended (0 mean that an
antibody gene is ligated into a vector such that transcriptional and translational control
sequences within the vector serve their intended function of regulating the transcription and
translation of the antibody gene. The expression vector and expression control sequcnces
are chosen to be compatible with the expression host cell used. The antibody light chain
gene and the antibody heavy chain gene can be inserted into separate vector or, more
typically, both genes are inserted into the same expression vector. The antibody genes are
inserted into the expression vector by standard methods (e.g., ligation of complementary
restriction sites on the antibody gene fragment and vector, or blunt end ligation if no
restriction sites are present). The light and heavy chain variable regions of the antibodies
described herein can be used to create full-length antibody genes of any antibody isotype by
inserting them into expression vectors already encoding heavy chain constant and light
chain constant regions of the desired isotype such that the VII segment is operatively linked
to the CH segmenls within the vector and the VK segmenl is operalively linked Lo the CL
segment within the vector. Additionally or alternatively, the recombinant expression vector
can encode a signal peptide that facilitates secretion of the antibody chain from a host cell.
The antibody chain gene can be cloned into the vector such that the signal peptide is linked
in-frame (o the amino terminus of the antibody chain gene. The signal peplide can be an
immunoglobulin signal peptide or a heterologous signal peptide (i.c.. a signal peptide from a
non-immunoglobulin protein).

In addition to the antibody chain genes, the recombinant expression vectors according
to at least some embodiments of the present invention carry regulalory sequences that
control the expression of the antibody chain genes in a host cell. The term "regulatory
sequence” is intended (o include promoters, enhancers and other expression control

elements (e.g., polyadenylation signals) that control the transcription or translation of the
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antibody chain genes. Such regulatory sequerices are described, for example, in Goeddel
(Gene Expression Technology. Methods in Enzymology 185, Academic Press, San Diego,
Calif. (1990)). It will be appreciated by those skilled in the art that the design of the
expression vector, including the selection of regulatory sequences, may depend on such
factors as the choice of the host cell to be transformed, the level of expression of protein
desired, etc. Preferred regulatory sequences for mammalian host cell expression include
viral elements that direct high levels of protein expression in mammalian cells, such as
promolers and/or enhancers derived [rom cylomegalovirus (CMV), Simian Virus 40
(SV40), adenovirus, (e.g., the adenovirus major late promoter (AdMLP) and polyoma.
Alternatively, nonviral regulatory sequences may be used, such as the ubiquilin promoter
or.beta.-globin promoter. Still further, regulatory clements composcd of sequences from
different sources, such as the SR alpha. promoter system, which contains sequences from
the SV40 early promoter and the long terminal repeat of human T cell leukemia virus type 1
(Takebe, Y. et al. (1988) Mol. Cell. Biol. 8:466-472).

In addition to the antibody chain genes and regulatory sequences, the recombinant
expression vectors according to at least some embodiments of the present invention may
carry additional sequences, such as sequences that regulate replication of the vector in host
cells (e.g., origins of replication) and selectable marker genes. The selectable marker gene
facilitates selection of host cells into which the vector has been introduced (see, e.g., U.S.
Pat. Nos. 4,399,216, 4,634,665 and 5,179,017, all by Axel el al.). For example, typically the
selectable marker gene confers resistance to drugs, such as (418, hygromycin or
methotrexate, on a host cell into which the vector has been introduced. Preferred selectable
marker genes include the dihydrofolate reductase (DHFR) gene (for use in dhlr- host cells
with methotrexate selection/amplification) and the neo gene (for G418 selection).

For expression of the light and heavy chains, the expression vectors encoding the
heavy and light chains is transfected into a host cell by standard techniques. The various
forms of the term "transfection" are intended to encompass a wide variety of techniques
commonly used for the introduction of exogenous DNA into a prokaryolic or eukaryotic
host cell, e.g., electroporation, calcium-phosphate precipitation, DEEAE-dextran transfection
and the like. Although il is theoretically possible to express the antibodies according to at
least sone embodiments of the present invention in either prokaryotic or cukaryotic host
cells, expression of antibodies in cukaryotic cells, and most preferably mammalian host
cells, is the most preferred because such eukaryolic cells, and in particular mammalian cells,

are more likely (han prokaryotic cells to assemble and secrete a properly folded and
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immunologically active antibody. Prokaryotic expression of antibody genes has been
reported to be ineffective for production of high yields of active antibody (Boss, M. A. and
Wood, C. R. (1985) Immunology Today 6:12-13).

Preferred mammalian host cells for expressing the recombinant antibodies according
o at least some embodiments of the present invention include Chinese [lamster Ovary
(CHO cells) (including dhfr- CHO cells, described in Urlaub and Chasin, (1980) Proc. Natl.
Acad. Sci. USA 77:4216-4220, used with a DHFR selectable marker, e.g., as described in
R. J. Kaulman and P. A. Sharp (1982) Mol. Biol. 159:601-621), NSO myeloma cells, COS
cells and SP2 cells. In particular, for use with NSO myeloma cells, another preferred
expression system is the GS gene expression system disclosed in WO 87/04462, WO
89/01036 and EP 338,841. When recombinant expression vectors encoding antibody genes
are introduced into mammalian host cells, the antibodies are produced by culturing the host
cclls for a period of time sufficient to allow for expression of the antibody in the host cells
or, more preferably, secretion of the antibody into the culture médium in which the host
cells are grown. Antibodies can be recovered from the culture medium using standard
protein purification methods.

CHARACTERIZATION OF ANTIBODY BINDING TO ANTIGEN

Antibodies according to at least some embodiments of the present invention can be
tested for binding to C10RF32 by, for example, standard ELISA. Briefly, microtiler plates
are coaled with purified C1ORF32 at 0.25 microgram/ml in PBS, and then blocked with 5%
bovine serum albumin in PBS. Dilutions of antibody (e.g., dilutions of plasma from -
immunized mice) are added to each well and incubated for 1-2 hours at 37 degrees C. The
plates are washed with PBS/Tween and then incubated with secondary reagent (e.g., for
human antibodies, a goat-anti-human IgG Fe-specific polyclonal reagent) conjugated to
alkaline phosphatase for 1 hour at 37 degrees C. After washing, the plates are developed
with pNPP substrate (1 mg/ml), and analyzed at OD of 405-650). Preferably, mice which
develop the highest titers will be used for fusions.

An ELISA assay as described above can also be used to screen for hybridomas that
show positive reactivity with CIORF32 immunogen. Hybridomas that bind with high
avidity (o CTORF32 are subcloned and Ffurther characterized. One clone from each
hybridoma, which relains the reactivily of the parent cells (by ELISA). can be chosen for
making a 5-10 vial cell bank stored at -140 degrees C., and for antibody purification.

To purify anti-C1ORF32 antibodies. selected hybridomas can be grown in two-liter

spinner-flasks for monoclonal antibody purification. Supernatants can be fillered and
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concentrated before affinity chromatography with protein A-sepharose (Pharmacia,
Piscataway, N.J.). Eluted IgG can be checked by gel electrophoresis and high performance
liquid chromatography to ensure purity. The buffer solution can be exchanged into PBS, and
the concentration can be determined by OD280 using 1.43 extinction coefficient. The
monoclonal antibodies can be aliquoted and stored at -80 degrees C.

To determine if the selected anti-C1ORF32 monoclonal antibodies bind to unique
epitopes, each antibody can be biotinylated using commercially available reagents (DPierce,
Rockford, I11.). Competition studies using unlabeled monoclonal antibodies and biotinylated
monoclonal antibodies can be performed using CIORF32 coated-ELISA plates as described
above. Biolinylated mAb binding can be detected with a strep-avidin-alkaline phosphatase
probe.

To determine the isotype of purified antibodies, isotype ELISAs can be performed
using reagents specific for antibodies of a particular isotype. For example, to determine the
isotype of a human monoclonal antibody, wells of microtiter plates can be coated with 1
microgram/ml of anti-human immunoglobulin overnight at 4 degrees C. After blocking with
1% BSA, the plates are reacted with 1mug /ml or less of test monoclonal antibodies or
purified isotype controls, at ambient temperature for one to two hours. The wells can then
be reacted with either human IgG! or human IgM-specific alkaline phosphatase-conjugated
probes. Plates are developed and analyzed as described above.

Anti-C1ORF32 human IgGs can be further tested for reactivity with C1ORF32
antigen, respectively, by Western blotting. Briefly, C1ORF32 antigen can be prepared and
subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis. After
electrophoresis, the separated anligens are (ransferred 1o nitrocellulose membranes, blocked
with 10% fetal calf serum, and probed with the monoclonal antibodies to be tested. Human
IgG binding can be detected using anti-human IgG alkaline phosphatase and developed with
BCIP/NBT substrale tablets (Sigma Chem. Co., St. Louis, Mo.).

ALTERNATIVE SCAFFOLDS

According o at least some embodiments the present invention relates to protein
scaffolds with specilficities and affinities in a range similar to specific antibodies. According
(o at least some embodiments the present invention relates to an antigen-binding construct
comprising a protein scaffold which is linked to one or more epitope-binding domains. Such
engineered protein scaffolds are usually obtained by designing a random library with
mutagenesis focused at a loop region or at an otherwise permissible surface area and by

selection of variants against a given target via phage display or related techniques.

63



10

15

20

25

30

According 1o at least some embodiments the present invention relates to alternative
scaffolds including, but not limited to, anticalins, DARPins, Armadillo repeat proteins,
protein A, lipocalins, fibronectin domain, ankyrin consensus repeat domain, thioredoxin,
chemically constrained peptides and the like. According to at least some embodiments the
present invention relates to alternative scaffolds that are used as therapeutic agents for

treatment of cancer, autoimmune and infectious diseases as well as for in vivo diagnostics.

According (o at least some embodiments the present invention further provides a
pharmaceutical composition comprising an antigen binding construct as described herein a

pharmaceutically acceptable carrier.

The term Prolein Scaffold’ as used herein includes but is not limited 0 an
immunoglobulin (Ig) scaffold, for example an IgG scaffold, which may be a four chain or
two chain antibody, or which may comprise only the Fc region of an antibody, or which
may comprise one or more constant regions from an antibody, which constant regions may
be of human or primate origin, or which may be an artificial chimera of human and primate
constant regions. Such protein scaffolds may comprise antigen- binding sites in addition to
the one or more constant regions, for example where the protein scaffold comprises a full
IgG. Such protcin scaffolds will be capable of being linked to other protein domains, for
example prolein domains which have antigen- binding sites, for example epitope-binding
domains or ScFv domains.

A "domain" is a [olded protein structure which has tertiary structure independent
of the rest of the protein. Generally, domains are responsible for discrete functional
properties of proteins and in many cases may be added, removed or transferred to other
proteins without loss of function of the remainder of the protein and/or of the domain. A
“single antibody variable domain” is a folded polypeptide domain comprising sequences
characteristic of antibody variable domains. Tt therefore includes complete antibody variable
domains and modified variable domains, for example, in which one or more loops have
been replaced by sequences which are not characteristic of antibody variable domains, or
antibody variable domains which have been truncated or comprise N- or C-terminal
extensions, as well as folded (ragments of variable domains which retain at least the binding
activity and specilicity of the full-length domain.

The phrase "immunoglobulin single variable domain” refers to an antibody
variable domain (VH, V HH, V L) that specifically binds an antigen or epitope
independently of a different V region or domain. An immunoglobulin single variable
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domain can be present in a format (e.g., homo- or hetero-multimer) with other, different
variable regions or variable domains where the other regions or domains are not required for
antigen binding by the single immunoglobulin variable domain (i.e., where the
immunoglobulin single variable domain binds antigen independently of the additional
variable domains). A "domain antibody" or "dAb" is the same as an "immunoglobulin
single variable domain" which is capable of binding to an antigen as the term is used herein.
An immunoglobulin single variable domain may be a human antibody variable domain, but
also includes single antibody variable domains [rom olher species such as rodent (for
example, as disclosed in WO 00/29004), nurse shark and Camelid V HH dAbs. Camelid V
HH are immunoglobulin single variable domain polypeplides that are derived [rom species
including camel, Ilama, alpaca, dromedary, and guanaco, which produce heavy chain
antibodies naturally devoid of light chains. Such V HH domains may be humanised
according to standard techniques available in the art, and such domains are still considered
to be "domain antibodies" according to the present invention. As used herein "VH includes
camelid V HH domains. NARYV are another type of immunoglobulin single variable domain
which were identified in cartilaginous fish including the nurse shark. These domains are
also known as Novel Antigen Receptor variable region (commonly abbreviated to V(NAR)
or NARV). For further details see Mol. Immunol. 44, 656-665 (2006) and
US20050043519A.

The term “epitope-binding domain” refers to a domain that specifically binds an
antigen or epitope independently of a different V region or domain, this may be a domain
antibody (dAb), for example a human, camelid or shark immunoglobulin single variable
domain or itmay be a domain which is a derivative of a scalfold selected from the group
consisting of CTLA-4 (Evibody); lipocalin; Protein A derived molecules such as Z-domain
of Protein A (Atfibody, SpA), A-domain (Avimer/Maxibody); Heat shock proteins such as
GroLl and GroS; wransferrin (trans- body); ankyrin repeat protein (DARPin); peptide
aptamer; C-type lectin domain (Tetranectin); human &#947;-crystallin and human ubiquitin
(affilins); PDZ domains; scorpion loxinkunilz type domains of human protease inhibitors;
Armadillo repeat proteins, thioredoxin, and fibronectin (adnectin); which has been subjected
to protein enginecring in order to obtain binding to a ligand other than the natural ligand.

Loops corresponding 1o CDRs of antibodies can be substituted with heterologous
sequence to confer different binding properties i.e. Evibodies. For further details see Journal
of Immunological Methods 248 (1-2), 31-45 (2001) Lipocalins are a family ol extracellular

proteins which transport small hydrophobic molecules such as steroids. bilins, retinoids and
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lipids. They have a rigid secondary structure with a numer of loops at the open end of the
conical structure which can be engineered to bind to different target antigens. Anticalins are
between 160-180 amino acids in size, and are derived from lipocalins. For further details
see Biochim Biophys Acta 1482: 337-350 (2000), US7250297B1 and US20070224633. An
affibody is a scaffold derived from Protein A of Staphylococcus aureus which can be
engineered to bind to antigen. The domain consists of a three-helical bundle of
approximately 58 amino acids. Libraries have been generated by randomisation of surface
residues. For [urther details see Protein Eng. Des. Sel. 17, 455-462 (2004) and
EP1641818A1 Avimers are multidomain proteins derived from the A-domain scaffold
family. The native domains of approximately 35 amino acids adopt a defined disulphide
bonded structure. Diversity is generated by shuffling of the nawral variation exhibited by
the family of A-domains. For further details see Nature Biotechnology 23(12), 1556 - 1561
(2005) and Expert Opinion on Investigational Drugs 16(6), 909-917 (June 2007) A
transferrin is a monomeric serum transport glycoprolein. Transferrins can be engineered to
bind different target antigens by insertion of peptide sequences in a permissive surface loop.
Examples of engineered transferrin scaffolds include the Trans-body. For further details see
J. Biol. Chem 274, 24066-24073 (1999).

Designed Ankyrin Repeat Proteins (DARPins) are derived from Ankyrin which is a
family of proteins that mediate attachment of inlegral membrane proteins to the
cytoskeleton. A single ankyrin repeat is a 33 residue molif consisting of (wo alpha helices;-
beta turn. They can be engineered to bind different target antigens by randomising residues
in the first alpha-helix and a beta-turn of each repeat. Their binding interface can be
increased by increasing the number of modules (2 method of affinity maturation). For
further details see J. Mol. Biol. 332, 489-503 (2003), PNAS 100(4), 1700-1705 (2003) and
J. Mol. Biol. 369, 1015-1028 (2007) and US20040132028A1.

Fibronectin is a scaffold which can be enginecred 1o bind to antigen. Adnectins
consists of a backbone of the natural amino acid scquence of the 10th domain of the 15
repeating units of human fibronectin type 111 (FN3). Three loops al one end of the beta;-
sandwich can be engineered to enable an Adnectin to specifically recognize a therapeutic
target of interest. For further details see Protein ling. Des. Sel. 18, 435- 444 (2005),
US200801 39791, W02005056764 and US6818418B1.

Peptide aptamers are combinalorial recognition molecules that consist of a constanl
scaffold protein, typically thioredoxin (TrxA) which contains a constrained variable peplide

loop inserted at the active site. For further details see Expert Opin. Biol. Ther. 5. 783-797
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(2005).

Microbodies are derived from naturally occurring microproteins of 25-50 amino
acids in length which contain 3-4 cysteine bridges - examples of microproteins include
KalataBI and conotoxin and knottins. The microproteins have a loop which can be
engineered to include upto 25 amino acids without affecting the overall fold of the
microprotein. For further details of engineered knottin domains, see W02008098796.

Other epitope binding domains include proteins which have been used as a scaffold
to engineer dilferent (arget antigen binding properties include human &#947 ;bela-cryslallin
and human ubiquitin (affilins), kunitz type domains of human protease inhibitors, PDZ-
domains of the Ras-binding protein AF-6, scorpion loxins (charybdoloxin), C-type lectin
domain (tetrancctins) are reviewed in Chapter 7 - Non-Antibody Scaffolds from Handbook
of Therapeutic Antibodies (2007, edited by Stefan Dubel) and Protein Science 15:14-27
(2006). Epitope binding domains of the present invention could be derived from any of
these alternative protein domains.

CONJUGATES OR IMMUNOCONJUGATES

The present invention encompasses conjugates for use in immune therapy comprising
the C1ORF32 antigen and soluble portions thereof including the ectodomain or portions or
variants thereof. For example the present invention encompasses conjugates wherein the
ECD of the CIORF32 antigen is attached to an immunoglobulin or fragment thereof. The
present invention contemplates the use thercof for promoting or inhibiting C10RF32
antigen activities such as immune costimulation and the use thereof in treating transplant,
autoimmune, and cancer indications described herein.

In another aspect, the present invention features immunoconjugates comprising an
anti-C10RF32 antibody, or a fragment thereof, conjugated to a therapeutic moiety, such as
a cytotoxin, a drug (e.g., an immunosuppressant) or a radiotoxin. Such conjugates are
referred to herein as "immunoconjugates”. Immunoconjugates (hat include one or more
cytotoxins are referred to as "immunotoxins.” A cytotoxin or cylotoxic agent includes any
agent that is detrimental to (e.g., kills) cells. Examples include taxol, cylochalasin B,
gramicidin D, ethidium bromide, emeline, mitomycin, etoposide, tenoposide, vincristine,
vinblastine, colchicin, doxorubicin, daunorubicin. dihydroxy anthracin dione, mitoxantrone,
mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids. procaine, tetracaine,
lidocaine. propranolol, and puromycin and analogs or homologs thereof. Therapeutic agenls
also include, for example. antimctabolites (e.g.. methotrexate, G-mercaptopurine, 0-

thioguanine,  cytarabine,  S-fluorouracil — decarbazine). — alkylating — agents  (e.g.,
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mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU) and lomustine
(CCNU), cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and
cis-dichlorodiamine platinum (II) (DDP) cisplatin), anthracyclines (e.g., daunorubicin
(formerly daunomyecin) and doxorubicin), antibiotics (e.g., dactinomycin (formerly
actinomycin), bleomycin, mithramycin, and anthramycin (AMC)), and anti-mitotic agents
(e.g., vincristine and vinblastine).

Other preferred examples of therapeutic cytotoxins that can be conjugated to an
antibody according (0 at least some embodiments of the present invention include
duocarmycins, calicheamicins, maytansines and auristatins, and derivatives thereof. An
example ol a calicheamicin antibody conjugale is commercially available (Mylotarg. TM.:
Wyeth).

Cylotoxins can be conjugated to antibodies according to at least some embodiments of
the present invention using linker technology available in the art. Examples of linker types
that have been used to conjugate a cytotoxin to an antibody include, but are not limited to,
hydrazones, thioethers, esters, disulfides and peptide-containing linkers. A linker can be
chosen that is, for example, susceptible to cleavage by low pH within (he lysosomal
compartment or susceptible to cleavage by proteases, such as proteases preferentially
expressed in tumor tissue such as cathepsins (e.g., cathepsins B, C, D).

For further discussion of types of cytotoxins, linkers and methods for conjugating
therapeutic agents to antibodies, see also Saito, G. et al. (2003) Adv. Drug Deliv. Rev.
55:199-215; Trail, P. A. et al. (2003) Cancer Immunol. Immunother. 52:328-337: Payne, G.
(2003) Cancer Cell 3:207-212; Allen, T. M. (2002) Nat. Rev. Cancer 2:750-763; Pastan, 1.
and Kreitman, R. J. (2002) Curr. Opin. Investig. Drugs 3:1089-1091; Senter, P. D. and
Springer, C. J. (2001) Adv. Drug Deliv. Rev. 53:247-264.

Antibodies of the present invention also can be conjugated to a radioaclive isotope to
generale cytotoxic radiopharmaceuticals, also referred 1o as radioimmunoconjugates.
Examples of radioactive isotopes that can be conjugated (o antibodies for use diagnostically
or therapeutically include, but are not limited to, iodine 131, indium 111, ylrium 90 and
lutctium 177. Method for preparing radioimmunconjugates are established in the art.
Iixamples of radioimmunoconjugates are commercially available, including Zevalin. TM.
(IDEC Pharmaceuticals) and Bexxar,TM. (Corixa Pharmaceuticals), and similar methods
can be used (o prepare radioimmunoconjugales using the antibodies according 1o at least

some embodiments of the present invention.
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The antibody conjugates according (o at least some embodiments of the present
invention can be used to modify a given biological response, and the drug moiety is not to
be construed as limited to classical chemical therapeutic agents. For example, the drug
moiety may be a protein or polypeptide possessing a desired biological activity. Such
proteins may include, for example, an enzymatically active toxin, or active fragment
thereof, such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein such as
tumor necrosis factor or interferon- gamma; or, biological response modifiers such as, for
example, lymphokines, interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), interleukin-6 ("IL-6"),
granulocyte macrophage colony stimulating factor ("GM-CSF"), granulocyte colony
stimulating lactor ("G-CSF"), or other growth factors.

Techniques for conjugating such therapeutic moicty to antibodies are well known, scc,
e.g., Arnon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer
Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld ct al. (cds.), pp. 243-56
(Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", in Controlled
Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987);
Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in
Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), pp.
475-506 (1985); "Analysis, Results, And Future Prospective Of The Therapeutic Use Of
Radiolabeled Antibody Tn Cancer Therapy”, in Monoclonal Antibodies For Cancer
Detection And Therapy, Baldwin et al. (eds.), pp. 303-16 (Academic Press 1985), and
Thorpe et al., "The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates”,
Immunol. Rev., 62:119-58 (1982).

BISPECIFIC MOLECULES

In another aspect, the present invention features bispecific molecules comprising an
anti-C1ORF32 antibody, or a {fragment thereot, according to at least some embodiments ol
the present invention. An antibody according to at least some embodiments of the present
invention, or antigen-binding portions thereof, can be derivatized or linked to another
functional molecule. e.g., another peptide or protein (e.g., another antibody or ligand for a
receplor) to generate a bispecific molecule that binds to at least two different binding sites
or targel molecules. The antibody according to at least some embodiments of the presenl
invention may in fact be derivatized or linked to more than one other functional molecule to
generate multispecific molecules that bind to more (han two different binding siles and/or
target molecules; such multispecific molecules are also intended to be encompassed by the

term "bispecific molecule” as used herein. To create a bispecific molecule according (o at
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least some embodiments of the present invention, an antibody can be functionally linked
(e.g., by chemical coupling, genetic fusion, noncovalent association or otherwise) to one or
more other binding molecules, such as another antibody, antibody fragment, peptide or
binding mimetic, such that a bispecific molecule results.

Accordingly, the present invention includes bispecific molecules comprising at least
one first binding specificity for CTORF32 and a second binding specificity for a second
target epitope. According to at least some embodiments of the present invention, the second
larget epitope is an Fe receptor, e.g., human Fe gamma RI (CD64) or a human Fe alpha
receptor (CD89). Therefore, the present invention includes bispecific molecules capable of
binding both (o Fc gamma. R, Fe alpha R or Fc epsilon R expressing ellector cells (e.g.,
monocytes, macrophages or polymorphonuclear cells (PMNs)), and to target cells
expressing C1ORI32. ‘These bispecific molecules target CIORF32 expressing cells to
cffector cell and trigger Fe receptor-mediated effector cell activities, such as phagocytosis
of an CIORF32 expressing cells, antibody dependent cell-mediated cytotoxicity (ADCC),
cytokine release, or generation of superoxide anion.

According to at least some embodiments of the present invention in which the
bispecific molecule is multispecific, the molecule can further include a third binding
specificity, in addition to an anti-Fc binding specificity and an anti-6f binding specificity. In
one embodiment, the third binding specificity is an anti-enhancement factor (EF) portion,
¢.g., a molecule which binds to a surface protein involved in cytotoxic activity and thereby
increases the immune response against the target cell.

The "anti-enhancement factor portion” can be an antibody, functional antibody
[ragment or a ligand that binds o a given molecule, e.g., an anligen or a receplor, and
thereby results in an enhancement of the effect of the binding determinants for the Fc
receptor or target cell antigen. The "anti-enhancement factor portion” can bind an Fc
receplor or a targel cell antigen. Alternatively, the anti-enhancement factor portion can bind
(o an enlity that is different from the entity to which the first and second binding
specificities bind. For example, the anti-enhancement factor portion can bind a cytotoxic T-
cell (e.g., via CD2, CD3, CD8, CD28, Ch4, CD40, ICAM-1 or other immune cell,ortoa
surlace protein involved in cyloloxic activity, that results in an increased immune response
against the target cell).

According 1o al least some embodiments of the present invention, the bispecific
molecules comprise as a binding specilicily at least one antibody, or an antibody fragment

thereof, including, ¢.g.. an Fab, Fab', F(ab').sub.2, Fv, or a single chain Fv. The antibody
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may also be a light chain or heavy chain dimer, or any minimal fragment thereof such as a
Fv or a single chain construct as described in Ladner et al. U.S. Pat. No. 4,946,778, the
contents of which is expressly incorporated by reference.

According to at least some embodiments of the present invention, the bispecific
molecules are produced based on any technology known in the art, including, but not
limited to: “Dual variable domain™ (DVD) antibodies, Abbott, as described in U.S. Pat. No.
7,612,181, the content of which is expressly incorporated by reference; “‘Dual-affinityre-
targeting” (DART) (Macrogenics, Blood. 2011; 117(17):4542-4551); “Modular antibody
technology by F-star” (Protein Eng Des Sel. 2010; 23(4):289); “Bispecific T-cell engager
technology” (,BITE) (Micromet, J Immunother. 2009 Jun;32(5):452-64); *“Bicycle
technology” (Bicycle Therapeutics, Nature Chemical Biology 2009; 5, 502 - 507); “Dual
targeting domain antibodies™ (dAbs, Domantis, US Patent Application 20100247515).

In onc embodiment, the binding specificity for an Fey receptor is provided by a
monoclonal antibody, the binding of which is not blocked by human immunoglobulin G
(IgG). As used herein, the term "IgG receptor” refers to any of the eight gamma-chain genes
located on chromosome 1. These genes encode a total of twelve transmembrane or soluble
receptor isoforms which are grouped into three Fc gamma receptor classes: Fc gamma R1
(CDG64), Fc gamma RII(CD32), and Fc gamma.RIII (CD 16). In one preferred embodiment,
the Fc gamma. receptor a human high affinity Fc.gamma RI. The human Fc gammaRI is a
72 kDa molecule, which shows high affinity for monomeric IgG (10 8-10-9 M. -1).

The production and characterization of certain preferred anti-Fc gamma. monoclonal
antibodies are described by Tanger et al. in PCT Publication WO 88/00052 and in U.S. Pat.
No. 4,954,617, the teachings of which are [ully incorporated by reference herein. These
antibodies bind to an epitope of Fc gammaR1, FeyRII or FeyRIII at a site which is distinct
from the Fc gamma binding site of the receptor and, thus, their binding is not blocked
substantially by physiological levels of 1gG. Specific anti-I'c gammaRI antibodies useful in
this invention are mAb 22, mAb 32, mAb 44, mAb 62 and mAb 197. The hybridoma
producing mAb 32 is available from the American Type Culture Collection, ATCC
Accession No. 1139469. In other embodiments, the anti-Fcy receptor antibody is a
humanized form of monoclonal antibody 22 (H22). The production and characterization of
the H22 antibody is described in Graziano, R.F. et al. (1995) J. Immunol. 155 (10): 4996-
5002 and PCT Publication WO 94/10332. The H22 antibody producing cell line is
deposited at the American Type Culture Collection under the designation HAO22CLI and

has the accession no. CRI, 11177.
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In still other preferred embodiments, the binding specificity for an Fc receptor is
provided by an antibody that binds to a human IgA receptor, e.g., an Fc-alpha receptor (Fc
alpha.RI(CD89)), the binding of which is preferably not blocked by human immunoglobulin
A (IgA). The term "IgA receptor" is intended to include the gene product of one alpha.-gene
(l'c alpha.RI) located on chromosome 19. This gene is known to encode several
alternatively spliced transmembrane isoforms of 55 to 10 kDa.

Fc.alphaRI (CD89) is constitutively expressed on monocytes/macrophages,
eosinophilic and neutrophilic granulocyles, but not on non-effector cell populations. Fe
alpha RI has medium affinity (Approximately 5X10-7 M-1) for both IgA1 and IgA2, which
is increased upon exposure Lo cytokines such as G-CSF or GM-CSF (Morton, H. C. el al.
(1996) Critical Reviews in Immunology 16:423-440). Four FcaRI-specific monoclonal
antibodies, identified as A3, A59, A62 and A77, which bind Fc.alpha.RI outside the IsA
ligand binding domain, have been described (Monteiro, R. C. et al. (1992) J. Immunol.
148:1764).

Fc. alpha. RT and Fc gamma. RI are preferred trigger receptors for use in the bispecific
molecules according to at least some embodiments of the present invention because they are
(1) expressed primarily on immune effector cells, e.g., monocytes, PMNs, macrophages and
dendritic cells; (2) expressed at high levels (e.g., 5,000- 100,000 per cell); (3) mediators of
cytotoxic activities (e.g., ADCC, phagocytosis); (4) mediate enhanced antigen presentation
of antigens, including self-antigens, targeted to them.

While human monoclonal antibodies are preferred, other antibodies which can be
employed in the bispecific molecules according to at least some embodiments of the present
invention are murine, chimeric and humanized monoclonal antibodies.

The bispecific molecules of the present invention can be prepared by conjugating the
constituent binding specificities, c.g., the anti-FcR and anti-C10RF32 binding specificities,
using methods known in the art. Tor example, cach binding specificity of the bispecific
molecule can be generated separately and then conjugated to one another. When the binding
specificities are proteins or peptides, a varicty of coupling or cross-linking agents can be
used for covalent conjugation. Examples of cross-linking agents include protein A,
carbodiimide, N-succinimidyl-S-acetyl-thioacetate (SATA). 5.5-dithiobis(2-nitrobenzoic
acid)  (DTNB),  o-phenylenedimaleimide  (0oPDM),  N-succinimidyl-3-(2-pyridyld-
ithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohaxane-1-
carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al. (1984) J. Exp. Med. 160:1686: Liu, M
A etal. (1985) Proc. Natl. Acad. Sci. USA 82:8648). Other methods include those described
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in Paulus (1985) Behring Ins. Mitt. No. 78, 118-132; Brennan et al. (1985) Science 229:81-
83), and Glennie et al. (1987) J. Immunol. 139: 2367-2375). Preferred conjugating agents
are SATA and sulfo-SMCC, both available from Pierce Chemical Co. (Rockford, Ill.).

When the binding specificities are antibodies, they can be conjugated via sulfhydryl
bonding of the C-terminus hinge regions of the two heavy chains. In a particularly preferred
embodiment, the hinge region is modified to contain an odd number of sulfhydryl residues,
preferably one, prior to conjugation.

Allernatively, both binding specilicities can be encoded in the same veclor and
expressed and assembled in the same host cell. This method is particularly useful where the
bispecilic molecule is a mAbXmAb, mAbXFab, FabXF(ab')2 or ligandXFab [usion protein.
A bispecific molecule according to at lcast some embodiments of the present invention can
be a single chain molecule comprising one single chain antibody and a binding determinant,
or a single chain bispecific molecule comprising two binding dcterminants. Bispecific
molecules may comprise at least two single chain molecules. Methods for preparing
bispecific molecules are described for example in U.S. Pat. No. 5,260,203; U.S. Pat. No.
5,455,030; U.S. Pat. No. 4,881,175; U.S. Pat. No. 5,132,405; U.S. Pat. No. 5,091,513; U.S.
Pat. No. 5.476,786; U.S. Pat. No. 5,013,653; U.S. Pat. No. 5,258,498; and U.S. Pat. No.
5,482,858.

Binding of the bispecific molecules to their specific targets can be confirmed by, for
example, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), FACS
analysis, bioassay (e.g., growth inhibition), or Western Blot assay. Each of these assays
generally detects the presence of protein-antibody complexes of particular interest by
employing a labeled reagent (e.g.. an antibody) specific for the complex of interest. For
example, the FcR-antibody complexes can be detected using e.g., an enzyme-linked
antibody or antibody fragment which recognizes and specifically binds to the antibody-FcR
complexes. Alternatively, the complexes can be detected using any of a variety of other
immunoassays. For example, the antibody can be radioactively labeled and used in a
radioimmunoassay  (RIA)  (see, for example, Weintraub, B., Principles of
Radioimmunoassays, Seventh Training Course on Radioligand Assay Techniques, The
FEndocrine Society, March, 1986, which is incorporated by reference herein). The
radioaclive isotope can be detected by such means as the use of a gamma. counter or a
scintillation counter or by autoradiography

PHARMACEUTICAL COMPOSITIONS AND USES THEREOF
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In another aspect, the present invention provides a composition, e.g., a pharmaceutical
composition, containing one or a combination of C10RF32 specific monoclonal antibodies,
or antigen-binding portions thereof, formulated together with a pharmaceutically acceptable
carrier. Such compositions may include one or a combination of (e.g., two or more
different) antibodies, and/or immunoconjugates and/or alternative scaffolds and/or
bispecific molecules according to at least some embodiments of the present invention. For
example, a pharmaceutical composition according to at least some embodiments of the
present invenlion can comprise a combination of antibodies (or immunoconjugates or
bispecifics) that bind to different epitopes on the target antigen or that have complementary
aclivilies.

CIORF32  specific antibodics, particularly human antibodics and antibody
compositions, have numerous therapeutic utilities and in vitro and in vivo diagnostic
utilities, involving the treatment and diagnosis of cancer, sclected from the group consisting
of Thyroid Carcinoma, preferably Thyroid Papillary Carcinoma, Thyroid Follicular
Carcinoma (preferably stage II and III), incidental papillary carcinoma (IPC), Medullary
thyroid cancer, Anaplastic thyroid cancer; Squamous cell carcinoma, squamous cell
carcinoma of the esophagus; breast carcinoma, preferably stage 1l to 1V and/or poorly
differentiated Invasive Ductal Carcinoma, comedocarcinoma and Medullary Carcinoma,
preferably Grade 2, ovarian carcinoma, Papillary Scrous and Mucinous (preferably stages Ic
to IlIb), Granular cell tumour, Surface epithelial-stromal wmor (Adenocarcinoma),
cystadenocarcinoma and Endometrioid tumor; kidney cancer, Clear cell carcinoma
(preferably stage 1 to 1I), Chromophobe adenoma, sarcomatoides carcinoma:; Prostate
adenocarcinoma, preferably stage 1 to Ill, Benign prostatic hyperplasia, Hepatocellular
carcinoma, preferably stage I and ITI, malignant hepatoma, fibrolamellar, pseudoglandular
(adenoid), pleomorphic (giant cell) and clear cell HCC and Cholangiocarcinoma, Pancreas
cancer, Ductal and Mucinous Adenocarcinoma, Islet cell carcinoma, [amilial atypical
multiple mole melanoma-pancreatic cancer syndrome (FAMMM-PC), Exocrine pancreas
cancers, ductal adenocarcinoma, denosquamous carcinomas, signetl ring cell carcinomas,
hepatoid carcinomas. colloid carcinomas, undifferentiated carcinomas, and undilferentiated
carcinomas with osteoclast-like giant cells, T.oow- to intermediate-grade neuroendocrine
carcinomas and pancreatic carcinoid (umors; Malignant melanoma, preferably stage IV
malignant melanoma and/or one or more of Lentigo maligna Lentigo maligna melanoma,
Superficial spreading melanoma, Acral lentiginous melanoma, Mucosal melanoma, Nodular

melanoma, Polypoid melanoma, Desmoplastic melanoma, Amelanotic melanoma and Soft-
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lissue melanoma; sarcomas of bone, cartilage and of soft tissue including but not limited to
Osteogenic sarcoma, Chondrosarcoma, Leiomyosarcoma, Angiosarcoma, Askin's Tumor,
Ewing's sarcoma, Kaposi's sarcoma, Liposarcoma, Malignant fibrous histiocytoma,
Rhabdomyosarcoma and Neurofibrosarcoma; Lymphoma, preferably comprising Hodgkin'’s
lymphoma (Nodular sclerosing, Mixed-cellularity —subtype, Lymphocyte-rich or
I.ymphocytic predominance, Lymphocyte depleted and Unspecified), B-cell Lymphoma
(Diffuse large B cell lymphoma, Follicular lymphoma, Mucosa-Associated Lymphatic
Tissue lymphoma (MALT), Small cell lymphocytic lymphoma, Burkitt lymphoma,
Mediastinal large B cell lymphoma, Waldenstrom macroglobulinemia, Nodal marginal zone
B cell lymphoma (NMZL), Splenic marginal zone lymphoma (SMZL), Intravascular large
B-cell lymphoma, Primary cffusion lymphoma, Lymphomatoid granulomatosis), Mantle
cell lymphoma (MCL), T-cell Lymphoma (Extranodal I cell lymphoma, Cutaneous ‘I cell
lymphomas: Sézary syndrome and Mycosis fungoides, Anaplastic large ccll lymphoma,
Angioimmunoblastic T cell lymphoma); Uterine cancer, preferably comprising
Endometroid Adenocarcinoma (preferably stages I to Illc); Bladder cancer, preferably
comprising Transitional Cell carcinoma (prelerably stage Il to IV); Lung cancer prelerably
comprising Small Cell Lung Cancer (preferably stage 1, to 11lb), Non Small Cell Lung
Cancer (preferably poorly to moderately differentiated squamous and adeno carcinoma) and
Large-cell carcinoma, testicular seminoma, Colo-rectal cancer preferably comprises colon
and rectal adenocarcinoma (preferably Moderate to Poorly Differentiated); and spinal cord
tumors.

Without wishing to be limited by a single hypothesis, anti-C1ORF32 antibodies may
prevent negative regulation of of T cell stimulation aimed against cancer cells. Tor example,
these molecules can be administered o cells in culture, in vitco or ex vivo, or (o human

subjects, e.g., in vivo, to treat, prevent and to diagnose a variety of disorders.

The antibodies (e.g., human antibodies, multispecific and bispecific molecules,
immunoconjugates, alternative scaffolds and compositions) according to al least some
embodiments of the present invention can be used to elicit in vivo or in vitro one or more of
the following biological activities: to inhibit the growth of and/or kill a cell expressing
CIORF32; o mediate phagocylosis or ADCC of a cell expressing C1ORF32 in the
presence of human effector cells, or to block CIORF32 ligand binding to CIORF32.

"Treatment” refers to both therapeutic treatment and prophylactic or preventative

measures. Those in need of treatment include those already with cancer as well as those in
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which the cancer is to be prevented. Hence, the mammal to be treated herein may have been
diagnosed as having the cancer or may be predisposed or susceptible to the cancer. As used
herein the term “treating” refers to preventing, delaying the onset of, curing, reversing,
attenuating, alleviating, minimizing, suppressing, halting the deleterious effects or
stabilizing of discernible symptoms of the above-described cancerous diseases, disorders or
conditions. Tt also includes managing the cancer as described above. By "manage" it is
meant reducing the severity of the disease, reducing the frequency of episodes of the
disease, reducing the duration of such episodes, reducing the severily of such episodes,
slowing/reducing cancer cell growth or proliferation, slowing progression of at least one

symplom, ameliorizalion of al least one measurable physical parameter and the like.

"Mammal" for purposes of treatment refers to any animal classified as a mammal,
including humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs,
horses, cats, cows, etc. Preferably, the mammal is human.

The term "therapeutically effective amount” refers to an amount of agent according to
the present invention that is effective to treat a disease or disorder in a mammal.

The therapeutic agents of the present invention can be provided to the subject alone,
or as part of a pharmaceutical composition where they are mixed wilh a pharmaceutically
acceplable carrier.

Anti C1ORF32 antibody, a fragment, a conjugate thereof and/or a pharmaceutical
composition comprising same, according to at least some embodiments of the present
invention also can be administercd in combination therapy, i.c., combincd with other
potentiating agents and/or other therapies. According to at least some embodiments, the anti
CIORF 32 antibody could be used in combination with any of the known in the art standart
of  care cancer treatment (as can be found, for example, in
http://www.cancer.gov/cancertopics).

For example. the combination therapy can include an anti CIORF32 antibody, a
[ragment, a conjugate thereof and/or a pharmaceutical composition comprising same,
combined with at least one other therapeutic or immune modulatory agent, other compounds
or immunotherapies, or immunostimulatory strategy, including, but not limited to, tumor
vaccines, adoptive T cell therapy. Treg depletion, antibodies (e.g. bevacizumab, erbitux,
Ipilimumab), peplides, pepti-bodies, small molecules, chemotherapeutic agents such as
cytoloxic and cylostalic agents (e.g. paclitaxel, cisplatin, vinorelbine, docetaxel,

gemcilabine, temozolomide, irinotecan, SFU, carboplalin), immunological modifiers such as
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interferons and interleukins, immunostimulatory antibodies, growth hormones or other
cytokines, folic acid, vitamins, minerals, aromatase inhibitors, RNAI, Histone Deacetylase
Inhibitors, proteasome inhibitors, and so forth. In another example, the combination therapy
can include an anti-C10RF32 antibody or C10RF32 modulating agent according to at least
some embodiments of the present invention, such as a soluble polypeptide conjugate
containing the ectodomain of the CIORF32 antigen or a small molecule such as a peplide,
ribozyme, aptamer, siRNA, or other drug that binds CIORF32, combined with at least one
other therapeutic or immune modulatory agent.

According to at least some embodiments of the present invention, therapeutic agents
that can be used in combination with anti-C10RF32 antibodies, are potenliating agents that
enhance anti-tumor responscs.

Various strategies are available for combining an anti-ILDR2 blocking antibody with
potentiating agents for cancer immunotherapy. According (o at least some embodiments of
the present invention, anti-CIORF32 antibody for cancer immunotherapy is used in
combination with potentiating agents that are primarily geared to increase endogenous anti-
tumor responses, such as:

a. Combination with other cancer immunotherapies, such as adoptive T cell
therapy. therapeutic cancer vaccines, or immunostimulatory antibodies;

b. Certain lethal stimuli and apoptosis inducers, such as radiotherapy and some
classical chemotherapies, lead to immunogenic cell death, whereby the
succumbing cancer cells serve as an endogenous therapeutic vaccine and
stimulale anti-tumor immune reSponses;

¢. Several anticancer agents, including classical chemotherapies and targeted
therapies, stimulate (umor-specific immune response by inducing the
immunogenic death of tumor cells or by engaging immune effector
mechanisms (Galluzzi et al 2012). In this regard, metronomic chemotherapy
appears (0 have immunostimulatory rather than immunosuppressive effects.

Conventional/classical chemotherapies as agenls potentiating anli-lumor immune
responses are selected (rom the group consistin of but not limited to:

Gemcitabine, that increases expression of MCH class T on malignant cells. enhances
cross presentation of tumor antigens to T cells, and selectively Kkills myeloid-derived

suppressor cells (MDSCs);
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Oxaliplatin, cisplatin, carboplatin (and other platinum based compounds), which also
increase expression of MCH class I on malignant cells, leading to enhanced cross
presentation of tumor antigens to T cells;

Cyclophosphamide, which also increases expression of MCH class I on malignant
cells. In addition, low dose of cyclophosphamide selectively suppresses inhibitory cell
subsets, including MDSCs and Tregs, and favors the differentiation of CD4 helper cells to a
IL-17 secreting anti-tumor subtype, restores NK and T cell effector functions, and inhibits
the generation of immunosuppressive cytokines (i.e. IL-10, IL-4, IL-13);

Anthracyclines, such as doxorubicin — which enhances proliferation of tumor anligen-
specilic CD8 T cells, and promoles tumor infiltration by IL-17 producing yd T cells and
activated CD8 T cells, and daunorubicin — which cxacerbates antigen cxpression by cancer
cells;

Taxanes, such as paclitaxcl — which impairs cytokinc production and viability of
Tregs, and docetaxel —which decreases levels of MDSCs;

Other microtubule inhibitors, such as vincristine - which increases the abundance of
specific DC subsets, and stimulates DC-mediated antigen presentation;

Folate antagonists, such as methotrexate — which at low concentration appears to
boost the maturation of DCs and their ability to stimulate T cells. mTOR pathway
inhibitors, such as temsirolimus and rapamycin, can have an immunostimulatory effect and
enhance CD8 T cell activation while decreasing IDO expression and Tregs.

Certain chemotherapeutic agents, such as oxaliplatin, cyclophosphamide, doxorubicin,
and mitoxantrone, trigger immunogenic cell death.

Some chemotherapies, that can be used in combination with anli-C10RF32 antibody,
such as paclitaxel, cisplatin, and doxorubicin, have the capacily to increase the permeability
of tumor cells to granzyme B, (hereby rendering them susceptible to CTL-mediated lysis
even if they do not express the antigen recognized by the CTLs (i.e. bystander effect).

According to at least some embodiments of the present invention, anti-C10ORF32
antibody for cancer immunotherapy is used in combination with Bisphosphonates,
especially amino- bisphosphonates (ABI?). which have shown o have anti-cancer activity.
Some of the activities associated with ABPs are on human y8T cells that straddle the
interface of innate and adaptive immunity and have potent anti-tumour activity.

According to at least some embodiments of the present invention, anti-C1QRF32

antibody for cancer immunotherapy is used in combination with Targeted therapies as
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agents potentialing anti-tumor immune responses (Galluzzi et al 2012; Vanneman and
Dranoff 2012):

Several targeted agents appear (o exert their therapeutic efficacy, at least in part, on
off-target mechanisms, some of which are mediated by the immune system.

For example, several histone deacetylase (IIDAC) inhibitors, such as vorinostat,
sodium butyrate and MS-275) increase the expression of NK-activating receptor ligands on
the surface of cancer cells, thereby facilitating tumor cell recognition by NK cells.
Borlezomib, a proteasome inhibilor, sensitizes umor cells o CTL-mediated or NK-
mediated cell lysis.

Vemuralenib, a BRAF inhibilor, increases expression ol lumor anligens, and
decreases tumor sccretion of immunosuppressive cytokines. JAK2 inhibitors, enhance DC
maturation and DC-mediated antigen presentation and ‘' cell priming.

Certain tyrosine kinasc inhibitors (TKIs) such as crlotinib, imatinib, sunitinib,
sorafenib. promote cancer-directed immune responses by increasing MHC class 1I
expression, induction of immunogenic cell death, decreased levels of tumor infiltrating
immunosuppressive cells - Tregs and MDScs, reducing the expression of the
immunosuppressive enzyme IDO by tumor cells, and/or inhibition of DC functions.

Certain therapeutic monoclonal antibodies, such as anti-EGFR mAbs cetuximab and
panatimumab, or anti-HER2 (rastuzumab, favor the generation of tumor-specific cytotoxic
CDS8 T cells, and NK cells infiltration 1o the tumor and NK cell mediated mAb-dependent
cell cytotoxicity. Bevacizumab reduces Tregs and favors the differentiation of DCs.

Not all targeted therapies potentiate anti-tumor immune responses, as some of them
actually engage unwanted immunosuppressive mechanisms which would be detrimental {or
mounting immune responses against the tumor.

According to al least some embodiments of the present invention, anti-C1ORF32
antibody for cancer immunotherapy is used in combination with Therapeutic agents
targeting Tregs (Facciabene et al 2012; Byme et al 2011; Gabrilovich and Nagaraj 2009):

A number of commonly used chemotherapeutics reduce the number or the
immunosuppressive capacity of regulatory T cells (I'regs). These drugs, which exert non-
specific targeting of Tregs, include antimitotic drugs such as cyclophosphamide,
gemcitabine, mitoxantrone, and fludarabine, as well as thalidomide and (halidomide
derivatives and COX-2 inhibilors.

Novel Treg-specific largeting agents include: 1) depleting or killing antibodies that

directly target Tregs through recognition of Treg cell surface receplors such as anti-CD25
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daclizumab and basiliximab or 2) ligand-directed toxins such as denileukin diftitox (Ontak)
- a [usion protein of human IL-2 and diphtheria toxin, or LMB-2 - a fusion between an scFv
against CD25 and the pseudomonas exotoxin. 3) antibodies targeting Treg cell surface
receptors such as CTLA4, PD-1, OX40 and GITR.

Other options for disrupting Treg function include TLR modulation, or agents that
interfere with the adenosinergic pathway, such as ectonucleotidase inhibitors, or inhibitors
of the A2A adenosine receptor.

Options for blockade of Tregs induction include TGF-f inhibilors, and blockade of
Tregs recruitment to tumor tissues include chemokine receptor inhibitors, such as the
CCL2/CCR4 pathway.

Options for targeting MDSCs include promoting their differentiation in to mature
myeloid cells that do not have suppressive functions. VitaminA metabolites, such as retinoic
acid, all-trans retinoic acid (ATRA), havc been found to stimulate the differentiation of
MDSC:s into DCs and macrophages. Vitamin D3 has recently been shown (o have a similar
effect on MDSCs.

Another option is inhibition of MDSCs suppressive activity by COX2 inhibitors,
phosphodiesterase 5 inhibitors like sildenafil, ROS inhibitors such as nitroaspirin.

According to at least some embodiments of the present invention, anti-C1ORF32
antibody for cancer immunotherapy is used in combination with Immunostimulatory
antibodies as agents potentiating anti-tumor immune responses (Pardoll 2012):

Immunostimulatory antibodies promote anti-tumor immunity by directly modulating
immune functions, i.e. blocking other inhibitory largets or enhancing costimulatory
proteins. Among these are anlagonistic antibodies targeting immune checkpoints such as
CTLA4 (example: ipilimumab), PD-1 (example: BMS-936558/MDX-1106), PDL-1
(example: BMS-936559/MDX-1105), LAG-3 (example: IMP-321), TIM-3, BTLA and/or
Agonistic antibodies targeting immunostimulatory proteins, such as CD40 (example: CP-
870,893), CD137 (example: BMS-663513), OX40 (example: Anti-OX40), GITR (example:
TRX518).

According to at least some embodiments of the present invention, anti-C10ORF32
antibody for cancer immunotherapy is used in combination with Therapeulic cancer
vaccines, (hat allow for improved priming of T cclls and improved antigen presentation,.as
agenls potentiating anti-tumor immune responses (Mellman et al 2011: Palucka and

Banchereau 2012).
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Non limiting examples of such therapeutic cancer vaccines are include Exogenous
cancer vaccines and Dendritic-cell-based vaccines.

Exogenous cancer vaccines include proteins or peptides used (o mount an
immunogenic response to a tumor antigen (possibly with attractants of dendritic cells such
as GM-CSI"), recombinant virus and bacteria vectors encoding tumor antigens (possibly
with proinflammatory or other attractants such as GM-CSF), DNA-based vaccines encoding
tumor antigens, proteins targeted to dendritic cells, dendritic cells, proteins targeted to
dendritic cells, dendritic cells.

Dendritic cells (DC) can be isolated from the cancer patient and primed for presenting
tumor-specific T cells by several ways: DCs can be loaded with [usion proleins or peplides
of tumor antigens with stimulating factor (such as GM-CSF), or coupled to DC-targeted
mAbs, or loaded with tumor cells or lysates, activated and matured ex vivo, then re-infused
back into the patient. Similar approaches can be carricd out with monocytes. Dendritic cells
can also be primed in vivo by injection of irradiated, cytokine secreting whole tumor cells
(such as GM-CSF) back to the tumor patients - dendritic cells phagocytose the tumor cells
and present tumor antigens in vivo to T cells.

According to at least some embodiments of the present invention, anti-C1ORF32
antibody for cancer immunotherapy is used in combination with Adoptive cell transfer to
potentiate anti-tumor immune responses (Restifo et al 2012):

One approach to immunotherapy is based on the adoptive transfer of naturally
occurring or gene-engineered tumor-specific cells. Treatment of patients with cell
populations that have been expanded ex vivo is termed adoptive cell transfer (ACT). Cells
that are infused back into a patient aller ex vivo expansion can tralfic to the tumor and
mediate its destruction. Ex vivo, T cells extracted from tumor masses that have the desired
T cell receptor (TCR) specificity, can be selected and expanded and then adoptively
transferred into patients with cancer. Prior to this adoptive (ransfer, hosts can be
immunodepleted by irradiation and/or chemotherapy. The combination of lymphodepletion,
adoptive cell transfer, and a T cell growth factor (such as 1L.-2), can lead to prolonged lumor
eradication in tunor patients. Additionally, T cells can be genctically engineered ex vivo (o
confer specificily for tumor-associated antigens. For example. clones of TCRs of T cells
with particularly good anti-tumor responses can be inserted into viral expression veclors and
used 1o infect autologous T cells from the patient (o be (reated. Another optlion is the use of

chimeric antigen receptors (CARs) which have antibody-like specificitics and recognize
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MHC-nonrestricted structures on the surface of target cells, grafted onto the TCR

intracellular domains capable of activating T cells.

The C1ORF32 specific antibodies, and/or alternative scaffolds and/or multispecific
and bispecific molecules and immunoconjugates, compositions comprising same according
to at least some embodiments of the present invention can be co-administered together with
one or more other therapeutic agents, which acts in conjunction with or synergistically with
the composition according to at least some embodiments of the present invention (o treat or
prevent the cancer. The C10RF32 related therapeutic agents and the one or more other
therapeutic agents can be administered in either order or simultaneously. The other
therapeutic agents are for example, a cytotoxic agent, a radiotoxic agent or an
immunosuppressive agent. The composition can be linked to the agent (as an
immunocomplex) or can be administered separately from the agent. In the latter case
(scparatc administration), thc composition can be administered before, after or concurrently
with the agent or can be co-administered with other known therapies, e.g., an anti-cancer
therapy, e.g.. radiation. Such therapeutic agents include, among others, anti-neoplastic
agents such as doxorubicin (adriamycin), cisplatin bleomycin sulfate, carmustine,
chlorambucil, and cyclophosphamide hydroxyurea which, by themselves, are only effective
at levels which are toxic or subtoxic to a patient. Cisplatin is intravenously administered as
a 100 mg/dose once every [our weeks and adriamycin is intravenously administered as a 60-
75 mg/ml dose once every 21 days. Co-administration of the human anti-C10ORF32
antibodies, or antigen binding ragments and/or alternative scaffolds thereof, according to at
least some embodiments of the present invention with chemotherapeutic agents provides
two anli-cancer agents which operate via different mechanisms which yield a cytoloxic
cffect to human tumor cells. Such co-administration can solve problems duc to development
of resistance 1o drugs or a change in the antigenicity of the tumor cells which would render
them unreactive with the antibody. In other embodiments, the subject can be additionally
treated with an agent that modulates, e.g.. enhances or inhibits, the expression or activily of
l'cy or Fey receptors by, for example, treating the subject with a cytokine. Preferred
cytokines for administration during treatment with the multispecific molecule include of
granulocyle colony-stimulating factor (G-CSF), granulocyte- macrophage colony-
stimulating factor (GM-CSF), interferon-gamma (IFN-gamma), and tumor necrosis lactor

(TNF).
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Target-specific effector cells, e.g., effector cells linked to compositions (e.g., human
antibodies, multispecific and bispecific molecules) according to at least some embodiments
of the present invention can also be used as therapeutic agents. Effector cells for targeting
can be human leukocytes such as macrophages, neutrophils or monocytes. Other cells
include eosinophils, natural killer cells and other IgG- or IgA-receptor bearing cells. If
desired, effector cells can be obtained from the subject to be treated. The target-specific
effector cells can be administered as a suspension of cells in a physiologically acceptable
solution. The number of cells adminislered can be in the order of 10 -8 (o 10 -9 but will vary
depending on the therapeutic purpose. In general, the amount will be sufficient to obtain
localization at the target cell, e.g., a tumor cell expressing C1ORF32 proteins, and (o ellect
cell killing by, c.g., phagocytosis. Routes of administration can also vary.

I'herapy with target-specific effector cells can be performed in conjunction with other
techniques for removal of targeted cells. For example, anti-tumor therapy using the
compositions (e.g., human antibodies, multispecific and bispecific molecules) according to
at least some embodiments of the present invention and/or effector cells armed with these
compositions can be used in conjunction with chemotherapy. Additionally, combination
immunotherapy may be used to direct two distinct cytotoxic effector populations toward
tumor cell rejection. For example, anti-C10ORF32 antibodies linked to anti-Fc-gamma RI or
anti-CD3 may be used in conjunction with IgG- or TgA-receptor specific binding agents.

Bispecific and multispecific molecules according to at least some embodiments of the
present invention can also be used to modulate FcgammaR or FcgammaR levels on effector
cells, such as by capping and elimination of receptors on the cell surface. Mixtures of anti-
Fc receplors can also be used for this purpose.

The therapeutic compositions (e.g., human antibodies, alternative scaffolds
multispecific and bispecitic molecules and immunoconjugates) according to at least some
embodiments of the present invention which have complement binding sites, such as
portions from 1gGl, -2, or -3 or IgM which bind complement, can also be used in the
presence of complement. In one embodiment, ex vivo treatment of a population of cells
comprising largel cells with a binding agent according to at least some embodiments of the
present invention and appropriate effector cells can be supplemented by the addition of
complement or serum conlaining complement. Phagocytosis of target cells coaled with a
binding agent according (o at least some embodiments of the present invention can be
improved by binding of complement proteins. In another embodiment target cells coated

with the composilions (e.g.. human antibodies, multispecific and bispecific molecules)
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according to at least some embodiments of the present invention can also be lysed by
complement. In yet another embodiment, the compositions according to at least some
embodiments of the present invention do not activate complement.

The therapeutic compositions (e.g., human antibodies, alternative scaffolds
multispecific and bispecific molecules and immunoconjugates) according to at least some
embodiments of the present invention can also be administered together with complement.
Thus, according to at least some embodiments of the present invention there are
compositions, comprising human antibodies, multispecific or bispecific molecules and
serum or complement. These compositions are advantageous in that the complement is
localed in close proximily to the human antibodies, multispecilic or bispecilic molecules.
Alternatively, the human antibodics, multispecific or bispecific molecules according to at
least some embodiments of the present invention and the complement or serum can be
administcred scparately.

As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,
dispersion media, coalings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. Preferably, the carrier is
suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal
administration (e.g., by injection or infusion). Depending on the route of administration, the
active compound, i.e., soluble polypeptide conjugate containing the ectodomain of the
CI1ORF32 antigen, antibody, immunoconjugate, alternative scaffolds, and/or bispecific
molecule, may be coated in a material to protect the compound from the action of acids and
other natural conditions that may inactivate the compound. The pharmaceutical compounds
according (o al least some embodiments ol the present invention may include one or more
pharmaceutically acceptable salls. A "pharmaceutically acceptable salt" refers to a salt that
retains the desired biological activity of the parent compound and does not impart any
undesired toxicological effects (see e.g.. Berge, S. M., et al. (1977) J. Pharm. Sci. 66: 1-19).
Examples of such salts include acid addition salts and base addition salts. Acid addition
salts include those derived [rom nontoxic inorganic acids, such as hydrochloric, nifric,
phosphoric, sulfuric, hydrobromic, hydroiodic. phosphorous and the like, as well as from
nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-substituled
alkanoic acids, hydroxy alkanoic acids, aromatic acids, aliphatic and aromatic sulfonic acids
and the like. Base addition salts include those derived from alkaline earth metals, such as

sodium, potassium, magnesium, calcium and the like, as well as from nonloxic organic
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amines, such as N,N'-dibenzylethylenediamine, N-methylglucamine, chloroprocaine,
choline, diethanolamine, ethylenediamine, procaine and the like.

A pharmaceutical composition according to at least some embodiments of the present
invention also may include a pharmaceutically acceptable anti-oxidant. Examples of
pharmaceulically acceptable antioxidants include: (1) water soluble antioxidants, such as
ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium metabisulfite, sodium
sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl palmitate, butylated
hydroxyanisole (BHA), butylated hydroxyloluene (BHT), lecithin, propyl gallale, alpha-
tocopherol, and the like; and (3) metal chelating agents, such as citric acid, ethylenediamine
tetraacelic acid (EDTA), sorbiltol, tartaric acid, phosphoric acid, and the like. Examples of
suitable aqucous and nonaquecous carriers that may be cmployed in the pharmaceutical
compositions according (o at least some embodiments of the present invention include
water, ethanol, polyols (such as glycerol, propylenc glycol, polyethylene glycol, and the
like), and suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic
esters, such as ethyl oleate. Proper fluidily can be maintained, for example, by the use of
coating materials, such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of presence of microorganisms may
be ensured both by sterilization procedures, supra, and by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid,
and the like. It may also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged absorption of the
injectable pharmaceutical form may be brought about by the inclusion of agents which
delay absorption such as aluminum monostearate and gelatin.

Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions
and sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersion. The use of such media and agenls for pharmaceutically active substances is
known in the art. Excepl insofar as any conventional media or agent is incompatible with
the active compound. use thereof in the pharmaceutical compositions according to at least
some embodiments of the present invention is contemplated. Supplementary active
compounds can also be incorporated into the compositions.

Therapeutic composilions typically must be sterile and stable under the conditions of

manufacture and storage. T'he composition can he formulated as a solution, microemulsion,
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liposome, or other ordered structure suitable to high drug concentration. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium
chloride in the composition. Prolonged absorption of the injectable compositions can be
brought about by including in the composition an agent that delays absorption, for example,
monoslearale salts and gelalin. Sterile injectable solutions can be prepared by incorporating
the active compound in the requircd amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as required, followed by sterilization
microfiltration. Generally, dispersions are prepared by incorporating the active compound
into a sterile vehicle that contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the preparation
of sterile injectable solutions, the preferred methods of preparation are vacuum drying and
freeze-drying (lyophilization) that yield a powder of the active ingredient plus any
additional desired ingredient from a previously sterile-filtered solution thereof.

Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by slerilization microfiltration. Generally,
dispersions are prepared by incorporating the aclive compound into a sterile vehicle that
contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and freeze-drying
(lyophilization) that yield a powder of the active ingredient plus any additional desired
ingredient from a previously sterile-fillered solution thereof.

The amount of active ingredient which can be combined with a carrier malterial to
produce a single dosage form will vary depending upon the subject being treated, and the
particular mode of administration. The amount of active ingredient which can he combined
with a carrier material to produce a single dosage form will generally be that amount of the
composition which produces a therapeutic effect. Generally, out of one hundred per cent,
this amount will range from aboul 0.0! per cent to aboul ninety-nine percenl of active

ingredient, preferably from about (.1 per cent to aboul 70 per cenl. most preferably from
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about I per cent to about 30 per cent of active ingredient in combination with a
pharmaceutically acceptable carrier.

Dosage regimens are adjusted to provide the optimum desired response (e.g., a
therapeutic response). For example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapeutic situation. Tt is especially
advantageous to formulate parenteral compositions in dosage unit form [or ease of
administration and uniformity of dosage. Dosage unil form as used herein relers to
physically discrete units suited as unitary dosages for the subjects to be treated; each unit
conlains a predelermined quantity ol aclive compound calculated (o produce the desired
therapeutic effect in association with the required pharmaccutical carricr. The specification
for the dosage unit forms according to at least some embodiments of the present invention
arc dictated by and directly dependent on (a) the unique characteristics of the active
compound and the particular therapeutic effect to be achieved, and (b) the limitations
inherent in the art of compounding such an active compound for the treatment of sensitivity
in individuals.

For administration of the antibody, the dosage ranges from about 0.0001 to 100
mg/kg, and more usually 0.01 to 5 mg/kg, of the host body weight. For example dosages
can be 0.3 mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5 mg/kg body
weight or 10 mg/kg body weight or within the range of 1-10 mg/kg. An exemplary
treatment regime entails administration once per week, once every (wo weeks, once every
three weeks, once every four weeks, once a month, once every 3 months or once every three
to 6 months. Preferred dosage regimens for an antibody according (o at least some
embodiments of the present invention include 1 mg/kg body weight or 3 mg/kg body weight
via intravenous administration, with the antibody being given using one of the following
dosing schedules: (i) every four weeks for six dosages, then every three months; (i) every
three weeks:; (iii) 3 mg/kg body weight once followed by I mg/kg body weight every three
weeks.

In some methods. two or more monoclonal antibodies with different binding
specificities are administered simultaneously, in which case the dosage of each antibody
administered falls within the ranges indicated. Antibody is usually administered on multiple
occasions. Intervals between single dosages can be, for example, weekly, monthly. every
three months or yearly. Intervals can also be irregular as indicated by measuring blood

levels of antibody to the targel antigen in the patient. In some methods. dosage is adjusted to
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achieve a plasma antibody concentration of about 1-1000 mug/ml and in some methods
about 25-300 microgram /ml.

Alternatively, therapeutic agent can be administered as a sustained release
formulation, in which case less frequent administration is required. Dosage and frequency
vary depending on the half-life of the therapeutic agent in the patient. In general, human
antibodies show the longest half life, followed by humanized antibodies, chimeric
antibodies, and nonhuman antibodies. The half-life for fusion proteins may vary widely.
The dosage and frequency of administration can vary depending on whether the (reatment is
prophylactic or therapeutic. In prophylactic applications, a relatively low dosage is
administered at relatively inlrequent intervals over a long period ol time. Some patients
continuc to reccive trcatment for the rest of their lives. In therapeutic applications, a
relatively high dosage at relatively short intervals is sometimes required until progression of
the discasc is reduccd or terminated, and preferably until the patient shows partial or
complete amelioration of symptoms of disease. Thereafter, the patient can be administered a
prophylactic regime.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of
the present invention may be varied so as to obtain an amount of the active ingredient which
is effective to achieve the desired therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the patient. The selected dosage level
will depend upon a variety of pharmacokinetic factors including the activity of the particular
compositions of the present invention employed, or the ester, salt or amide thereof. the route
of "administration, the time of administration, the rate of excretion of the parlicular
compound being employed, the duration of the treatment, other drugs, compounds and/or
malerials used in combination with the particular compositions employed, the age, sex,
weight, condition, general health and prior medical history of the patient being treated, and
like factors well known in the medical arts.

A "therapeutically effective dosage" of an anti-CIORF32 antibody according to at
least some embodiments of the present invention preferably results in a decrease in severity
of disease symptoms, an increase in frequency and duration of disease symptom-free
periods, an increase in lifepan, disease remission, or a prevention or reduction of
impairment or disability due to the disease affliction. For example, for the treatment of
CIORF32 positive tumors, a "therapeutically effective dosage" preferably inhibits cell
growth or lumor growth by at least about 20%, more preferably by at least aboul 40%, even

more preferably by al least about 60%, and still more preferably by at least about 80%
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relative to untreated subjects. The ability of a compound to inhibit tumor growth can be
evaluated in an animal model system predictive of efficacy in human tumors. Alternatively,
this property of a composition can be evaluated by examining the ability of the compound to
inhibit, such inhibition in vitro by assays known to the skilled practitioner. A therapeutically
effective amount of a therapeutic compound can decrease tumor size, or otherwise
ameliorate symptoms in a subject.

One of ordinary skill in the art would be able to deternine a therapeutically effective
amount based on such [actlors as the subject's size, the severily of (he subjecl’s symptoms,
and the particular composition or route of administration selected.

A composilion of the present invention can be administered via one or more routes of
administration using onc or more of a variety of methods known in the art. As will be
appreciated by the skilled artisan, the route and/or mode of administration will vary
depending upon the desired results. Preferred routes of administration for therapeutic agents
according to at least some embodiments of the present invention include intravascular
delivery (e.g. injection or infusion), intravenous, intramuscular, intradermal, intraperitoneal,
subcutaneous, spinal, oral, enteral, rectal, pulmonary (e.g. inhalation), nasal, topical
(including transdermal, buccal and sublingual), intravesical, intravitreal, intraperitoneal,
vaginal, brain delivery (e.g. intra-cerebroventricular, intra-cerebral, and convection
enhanced diffusion), CNS delivery (e.g. intrathecal, perispinal, and intra-spinal) or
parenteral  (including subcutaneous, intramuscular, intravenous and intradermal),
transmucosal (e.g., sublingual administration), administration or administration via an
implant, or other parenteral routes of administration, for example by injection or infusion, or
other delivery routes and/or forms of administration known in the art. The phrase
"parenteral administration” as used herein means modes of administration other than enteral
and topical administration, usually by injection, and includes, without limitation,
intravenous, intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,
intradermal. intraperitoneal, Iranstracheal, subcutaneous, subcuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion. In a
specific embodiment, a protein, a therapeutic agent or a pharmaccutical composition
according 1o at least some embodiments of the present invention can be administered
intraperitoneally or intravenously.

Alternatively, a C1ORF32 specific antibody and/or their conjugates and/or allernative
scaflfolds and/or combinations thereof that modulates a C1ORF32 protein activity can be

administered via a non-parenteral route, such as a topical, epidermal or mucosal route of
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administration, for example, intranasally, orally, vaginally, rectally, sublingually or
topically.

The active compounds can be prepared with carriers that will protect the compound
against rapid release, such as a controlled release formulation, including implants,
transdermal  patches, and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Many methods for the
preparation of such formulations are patented or generally known (o those skilled in the art.
See, e.g., Sustained and Controlled Release Drug Delivery Systems, J. R. Robinson, ed.,
Marcel Dekker, Inc., New York, 1978.

Therapeutic compositions can be administered with medical devices known in the art.
For example, in a preferred embodiment, a therapeutic composition according to at least
some embodiments of the present invention can be administered with a needles hypodermic
injection device, such as the devices disclosed in U.S. Pat. Nos. 5,399,163; 5,383,851;
5,312,335; 5,064,413; 4,941,880; 4,790,824; or 4,596,556. Examples of well-known
implants and modules useful in the present invention include: U.S. Pat. No. 4,487,603,
which discloses an implantable micro-infusion pump for dispensing medication at a
controlled rate; U.S. Pat. No. 4.486,194, which discloses a therapeutic device for
administering medicaments through the skin; U.S. Pat. No. 4,447,233, which discloses a
medication infusion pump for delivering medication at a precise infusion rate; U.S. Pat. No.
4,447,224, which discloses a variable flow implantable infusion apparatus for continuous
drug delivery; U.S. Pal. No. 4,439,196, which discloses an osmotic drug delivery system
having mulli-chamber compartments; and 1).S. Pal. No. 4,475,196, which discloses an
osmotic drug delivery system. These patents are incorporated herein by reference. Many
other such implants, delivery systems, and modules are known (o those skilled in the art.

In certain embodiments, the antibodies can be formulated to ensure proper distribution
in vivo. For example. the blood-brain barrier (BBB) excludes many highly hydrophilic
compounds. To ensure that (he therapeutic compounds according to at least some
embodiments of the present invention cross the BBB (if desired), they can be formulated,
for example, in liposomes. Tor methods of manufacturing liposomes, see, e.g., U.S. Pal.
Nos. 4,522,811; 5,374.548; and 5.399.33]. The liposomes may comprise one or more
moieties which are sclectively transported into specific cells or organs, thus enhance
targeted drug delivery (see. e.g.. V. V. Ranade (1989) J. Clin. Pharmacol. 29:685).

Exemplary targeting moieties include folate or biotin (see, e.g., U.S. Pal. No. 5,416.016 (o
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Low et al.); mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun.
153:1038); antibodies (P. G. Bloeman et al. (1995) FEBS Lett. 357:140; M. Owais et al.
(1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe et
al. (1995) Am. ] Physiol. 1233:134); p120 (Schreier et al. (1994) J. Biol. Chem. 269:9090);
see also K. Keinanen: M. L. Laukkanen (1994) FLEBS Lett. 346:123; J. J. Killion; L. J. IYidler
(1994) Immunomethods 4:273.

The anti-C1ORF32 antibodies, according to at least some embodiments of the present
invention, can be used as neutralizing antibodies. A Neutralizing antibody (Nabs), is an
antibody that is capable of binding and neutralizing or inhibiting a specific antigen thereby
inhibiling its biological effect, [or example by blocking the receplors on the cell or the virus,
inhibiting the binding of the virus to the host cell. NAbs will partially or completely
abrogate the biological action of an agent by either blocking an important surface molecule
nceded for its activity or by interfering with the binding of the agent to its receptor on a
target cell.

FORMULATIONS FOR PARENTERAL ADMINISTRATION

In a further embodiment, compositions disclosed herein, including those containing
peptides and polypeptides, are administered in an aqueous solution, by parenteral injection.
The formulation may also be in the form of a suspension or emulsion. In general,
pharmaceutical compositions are provided including effective amounts of a peptide or
polypeptide, and optionally include pharmaceutically acceptable diluents, preservatives,
solubilizers, emulsifiers, adjuvants and/or carriers. Such compositions optionally include
one or more for the following: diluents, sterile water, buffered saline of various buffer
content (e.g., Tris-HCL, acetate, phosphate), pH and ionic strength; and additives such as
detergents and solubilizing agents (e.g., TWEEN 20 (polysorbate-20), TWEEN 80
(polysorbate-80)), anti-oxidants (c.g., water soluble antioxidants such as ascorbic acid,
sodium metabisulfite, cysteine hydrochloride, sodium bisulfate, sodium metabisulfite,
sodium sulfite; oil-soluble antioxidants, such as ascorbyl palmitate, butylated
hydroxyanisole (BHA). butylated hydroxyloluene (BHT), lecithin, propyl gallate, alpha-
tocopherol; and meltal chelaling agents, such as citric acid, ethylenediamine (etraacetic acid
(FEDTA), sorbitol, tartaric acid, phosphoric acid), and preservatives (e.g., Thimersol, benzyl
alcohol) and bulking subslances (e.g., lactose, mannitol). Examples of non-aqueous solvents
or vehicles are ethanol, propylene glycol. polyethylene glycol, vegetable oils, such as olive
oil and corn oil. gelatin, and injectlable organic esters such as ethyl oleate. The formulations

may be freeze dried (Iyophilized) or vacuum dried and redissolved/resuspended
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immediately before use. The formulation may be sterilized by, for example, filtration
through a bacteria retaining filter, by incorporating sterilizing agents into the compositions,
by irradiating the compositions, or by heating thecompositions.

Formulations for topical administration

CIORF32 polypeptides, fragments, fusion polypeptides, nucleic acids, and vectors
disclosed herein can be applied topically. Topical administration does not work well for
most peptide formulations, although it can be effective especially if applied to the lungs,
nasal, oral (sublingual, buccal), vaginal, or rectal Mucosa.

Compositions can be delivered to the lungs while inhaling and traverse across the
lung epithelial lining to the blood stream when delivered either as an aerosol or spray dried
particles having an acrodynamic diameter of lcss than about 5 microns.
A wide range of mechanical devices designed for pulmonary delivery of therapeutic
products can be used. including but not limited to ncbulizers, metered dosc inhalers, and
powder inhalers, all of which are familiar to those skilled in the art. Some specific examples
of commercially available devices are the Ultravent nebulizer (Mallinckrodt Inc., St. Louis,
Mo.); the Acorn 1I nebulizer (Marquest Medical Products, Englewood, Colo.); the Ventolin
metered dose inhaler (Glaxo Inc., Research Triangle Park, N.C.); and the Spinhaler powder
inhaler (Fisons Corp., Bedford, Mass.). Nektar, Alkermes and Mannkind all have inhalable
insulin powder preparations approved or in clinical trials where the technology could be
applied to the formulations described herein.

Formulations for administration (o the mucosa will typically be spray dried drug
particles, which may be incorporated into a tablet, gel, capsule, suspension or emulsion.
Standard pharmaceulical excipients are available from any formulator. Oral formulations
may be in the form of chewing gum, gel strips, lablets or lozenges.
Transdermal formulations may also be prepared. These will typically be ointments, lotions,
sprays, or patches, all of which can be prepared using standard technology. Transdermal
formulations will require the inclusion of penelration enhancers.

Controlled delivery polymeric matrices

CIORF32 polypeplides, fragments, fusion polypeptides, nucleic acids, and vectors
disclosed herein may also be administered in controlled release formulations. Controlled
release polymeric devices can be made for long term release systemically following
implantation of a polymeric device (rod, cylinder, film, disk) or injection (microparticles).
The matrix can be in the form of microparticles such as microspheres, where peptides are

dispersed within a solid polymeric matrix or microcapsules. where the core is of a different
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material than the polymeric shell, and the peptide is dispersed or suspended in the core,
which may be liquid or solid in nature. Unless specifically defined herein, microparticles,
microspheres, and microcapsules are used interchangeably. Alternatively, the polymer may
be cast as a thin slab or film, ranging from nanometers to four centimeters, a powder
produced by grinding or other standard techniques, or even a gel such as a hydrogel.
Either non-biodegradable or biodegradable matrices can be used for delivery of
polypeptides or nucleic acids encoding the polypeptides, although biodegradable matrices
are preferred. These may be natural or synthetic polymers, although synthetic polymers are
preferred due to the better characterization of degradation and release profiles. The polymer
is selecled based on the period over which release is desired. In some cases linear release
may be most uscful, although in others a pulse rcleasc or "bulk relcase” may provide more
effective results. The polymer may be in the form of a hydrogel (lypically in absorbing up to
about 90% by weight of water), and can optionally be crosslinked with multivalent ions or
polymers.

The matrices can be formed by solvent evaporation, spray drying, solvent extraction
and other methods known to those skilled in the art. Bioerodible microspheres can be
prepared using any of the methods developed for making microspheres for drug delivery,
for example, as described by Mathiowitz and Langer, J. Controlled Release, 5:13-22 (1987);
Mathiowitz, et al., Reactive Polymers, 6:275-283 (1987); and Mathiowitz, et al., J. Appl
Polymer ScL, 35:755-774 (1988).

The devices can be formulated for local release to treat the area of implantation or
injection - which will typically deliver a dosage thal is much less than the dosage for
treatment of an entire body - or systemic delivery. These can be implanted or injected

subcutaneously, into the muscle, fat, or swallowed.

DIAGNOSTIC USES OF ANTI-C10RF32 ANTIBODIES

According to at lcast some embodiments of the present invention, the antibodies (c.g.,
human monoclonal antibodies, multispecific and bispecific molecules and compositions)
can be used Lo detect levels of CIORF32 or levels of cells which contain C10ORF32 on their
membrane surface, which levels can then be linked to certain disease symptoms.
Alternatively, the antibodies can be used Lo inhibit or block C'IORI"32 function which, in
turn, can be linked to the prevention or amelioration of cancer. This can be achicved by

contacting a sample and a control sample with the anti-C10RI32 antibody under conditions
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that allow for the formation of a complex between the corresponding antibody and
C10RF32. Any complexes formed between the antibody and C1ORF32 are detected and
compared in the sample and the control.

According to at least some embodiments of the present invention, the antibodies (c.g.,
human antibodies, multispecific and bispecific molecules and compositions) can be initially
tested for binding activity associated with therapeutic or diagnostic use in vitro. For
example, compositions according to at least some embodiments of the present invention can
be tested using low cylomelric assays.

Also within the scope of the present invention are kits comprising the C1ORF32
specilic antibody according Lo at least some embodiments ol the present invention (e.g.,
human antibodics, alternative scaffolds, bispecific or multispecific molccules, or
immunoconjugates) and instructions for use. The kit can further contain one or more
additional rcagents, such as an immunosuppressive rcagent, a cytotoxic agent or a
radiotoxic agent, or one or more additional human antibodies according to at least some
embodiments of the present invention (e.g., a human antibody having a complementary
activity which binds to an epitope in the antigen distinct from the first human antibody).

The antibodies according to at least some embodiments of the present invention can
also be used to target cells expressing Fc gamma R or CIORF32 for example for labeling
such cells. For such use, the binding agent can be linked to a molecule that can be detected.
Thus, the present invention provides methods for localizing ex vivo or in vitro cells
expressing Fc receptors, such as Fc gamma R, or CIORF32 antigen. The detectable label
can be, ¢.g., a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor.

In a particular embodiment, the present invention provides methods for detecting the
presence and/or level of CIORF32 antigen in a sample, or measuring the amount of
CIORF32 antigen, respectively, comprising contacting the sample, and a control sample,
wilh an antibody, or an antigen binding portion thereof, which specifically binds to
CIORF32, under conditions that allow for formation of a complex between the antibody or
portion thereol and C1IORF32. The formation of a complex is then detected, wherein a
difference complex formation between the sample compared to the control sample is
indicative the presence of C1ORF32 antigen in the sample. As noted the present invention
in particular embraces assays for detecting CIORF32 antigen in vitro and in vivo such as
immunoassays, radioimmunassays, radioassays, radioimaging assays, ELISAs, Western
blot, FACS. slot blot, immunchistochemical assays, and other assays well known 1o (hose

skilled in the art.
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In yet anolher embodiment, immunoconjugates of the present invention can be used
to target compounds (e.g., therapeutic agents, labels, cytotoxins, radiotoxins
immunosuppressants, etc.) to cells which have C10RF32 cell surface receptors by linking
such compounds to the antibody. Thus, the present invention also provides methods for
localizing ex vivo or in vivo cells expressing CIORI'32 (e.g., with a detectable label, such
as a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor).
Alternatively, the immunoconjugates can be used to kill cells which have CIORF32 cell

surlace receplors by targeling cylotoxins or radiotoxins (o C10RF32 anligen.

According to at least some embodiments, the present invention provides a method for
imaging an organ or tissue, the method comprising: (a) administering to a subject in need of
such imaging, a labcled polypeptide; and (b) detecting the labeled polypeptide to determine
where the labeled polypeptide is concentrated in the subject. When used in imaging
applications, the labcled polypeptides according to at Icast some embodiments of the present
invention typically have an imaging agent covalently or noncovalently attached thereto.
Suitable imaging agents include, but are not limited to, radionuclides, detectable tags,
fluorophores, fluorescent proteins, enzymatic proteins, and the like. One of skill in the art
will be familiar with other methods for attaching imaging agents to polypeptides. For
example, (he imaging agent can be attached via site-specific conjugation, e.g., covalent
attachment of the imaging agent to a peptide linker such as a polyarginine moiety having
live to seven arginines present at the carboxyl-terminus of and Fc fusion molecule. The
imaging agent can also be directly attached via non-site specific conjugation, e.g., covalent
attachment of the imaging agent to primary amine groups present in the polypeptide. One of
skill in the art will appreciate that an imaging agent can also be bound to a protein via
noncovalent interactions (c.g., ionic bonds, hydrophobic intcractions, hydrogen bonds, Van

der Waals [orces, dipole-dipole bonds, etc.).

In certain instances, the polypeptide is radiolabeled with a radionuclide by directly
atlaching the radionuclide to the polypeptide. In certain other instances, the radionuclide is
bound (0 a chelaling agent or chelating agent-linker altached (o the polypeptide. Suitable
radionuclides for direct conjugation include. without limitation, 18 F, 124 1. 125 1. 131 1.
and mixtures thereof. Suitable radionuclides for use with a chelating agent include, withoul
limitation. 47 Sc. 64 Cu, 67 Cu, 89 Sr, 86 Y. 87 Y, 90 Y,105Rh, 111 Ag, 111 In. 117m Sn.
149 Pm. 153 Sm. 166 Ho, 177 Lu, 186 Re. 188 Re, 211 At, 212 Bi, and mixtures thereol.
Preferably. the radionuclide bound (o a chelating agent is 64 Cu, Y0 Y, 111 In, or mixtures

9

N



10

15

20

25

30

thereof. Suitable chelating agents include, but are not limited to, DOTA, BAD, TETA,
DTPA, EDTA, NTA, HDTA, their phosphonate analogs, and mixtures thereof. One of skill
in the art will be familiar with methods for attaching radionuclides, chelating agents, and
chelating agent-linkers to polypeptides of the present invention. In particular, attachment
can be conveniently accomplished using, for example, commercially available bifunctional
linking groups (generally heterobifunctional linking groups) that can be attached to a
functional group present in a non-interfering position on the polypeptide and then further

linked to a radionuclide, chelating agent, or chelating agent-linker.

Non-limiting examples of fluorophores or fluorescent dyes suitable for use as imaging
agents include Alexa Fluor® dyes (Invitrogen Corp.; Carlsbad, Calil.), [luorescein,
fluorescein isothiocyanate (FITC), Oregon Green™; rhodamine, Texas red, tetrarhodamine

isothiocynate (1RI'TC), CyDye'™ fluors (e.g., Cy2, Cy3, Cy5), and the like.

Examples of fluorescent proteins suitable for use as imaging agents include, but are
not limited to, green fluorescent protein, red fluorescent protein (e.g., DsRed), yellow
fluorescent protein, cyan fluorcscent protein, blue fluorescent protein, and variants thereof
(see, e.g., U.S. Pat. Nos. 6,403,374, 6,800,733, and 7,157,566). Specific examples of GFP
variants include, but are not limited to, enhanced GFP (EGFP), destabilized EGFP, the GFP
variants described in Doan et al., Mol. Microbiol., 55:1767-1781 (2005), the GFP varianl
described in Crameri et al., Nat. Biotechnol., 14:315-319 (1996), the cerulean fluorescent
proteins described in Rizzo et al., Nal. Biotechnol, 22:445 (2004) and Tsien,Annu. Rev.
Biochem., 67:509 (1998). and the yellow fluorescent protein described in Nagal et al., Nat.
Biotechnol., 20:87-90 (2002). DsRed variants are described in, e.g., Shaner et al., Nat,
Biotechnol., 22:1567-1572 (2004), and include mStrawberry, mCherry, morange, mBanana,
mlJoneydew, and mTangerine. Additional DsRed variants are described in, e.g., Wang et
al., Proc. Natl. Acad. Sci. U.S.A., 101:16745-16749 (2004) and include mRaspberry and
mPlum. Further examples of DsRed variants include mRFPmars described in Fischer et
al., FEBS Let..577:227-232 (2004) and mRFPruby described in Fischer et al., FEBS
Lett., 580:2495-2502 (2006).

In other embodiments, the imaging agent that is bound o a polypeptide according o
at Jeast some embodiments of the present invention comprises a deteclable tag such as, for
example, biotin, avidin. streplavidin, or neutravidin. In further embodiments, the imaging

agent comprises an cnzymalic protcin including, but not limited (o, luciferase,
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chloramphenicol  acetyltransferase,  [3-galactosidase,  B-glucuronidase,  horseradish

peroxidase, xylanase, alkaline phosphatase, and (he like.

Any device or method known in the art for detecting the radioactive emissions of
radionuclides in a subject is suitable for use in the present invention. For example, methods
such as Single Photon Emission Computerized Tomography (SPECT), which detects the
radiation from a single photon gamma-emitting radionuclide using a rotating gamma
camera, and radionuclide scintigraphy, which obtains an image or series of sequential
images of (he distribution of a radionuclide in (issues, organs, or body systems using a
scintillation gamma camera, may be used for detecting the radiation emitted from a
radiolabeled polypeptide ol the present invention. Positron emission tomography (PET) is
another suitable technique for detecting radiation in a subject. Miniature and flexible
radiation detectors intended for medical use are produced by Intra-Medical LLC (Santa
Monica, Calif.). Magnetic Resonance Imaging (MRI) or any other imaging technique
known to one of skill in the art is also suitable for detecting the radioactive emissions of
radionuclides. Recgardless of the mecthod or device used, such detection is aimed at
determining where the labeled polypeplide is concentrated in a subject, with such

concentration being an indicator of disease activity.

Non-invasive fluorescence imaging of animals and humans can also provide in vivo
diagnostic information and be used in a wide variety of clinical specialties. For instance,
techniques have been developed over the years for simple ocular observations following UV
excitation to sophisticated spectroscopic imaging using advanced equipment (see, e.g.,
Andersson-Engels et al., Phys. Med. Biol., 42:815-824 (1997)). Specific devices or methods
known in the arl for the in vivo detection of fluorescence, e.g., from fluorophores or
fluorescent proleins, include, but are not limited to, in vivo near-infrared fluorescence (see,
e.g., Frangioni, Curr. Opin. Chem. Biol, 7:626-634 (2003)), the Maestro™ in vivo
Nuorescence imaging system (Cambridge Research & Instrumentation, Inc., Woburn,
Mass.), in vivo [luorescence imaging using a flying-spot scanner (see, €.g., Ramanujam et

al., IFEL Transactions on Biomedical FEngineering, 48:1034-1041 (2001), and the like.

Other methods or devices [or detecting an oplical response include, withoul limitation,
visual inspection, CCD cameras, video cameras, photographic film, laser-scanning devices,

fluorometers. photodiodes, quantum counters, epifluorescence microscopes, scanning
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microscopes, flow cytometers, fluorescence microplate readers, or signal amplification

using photomultiplier tubes.

According to some embodiments, the sample taken from a subject (patient) to perform
the diagnostic assay according to at least some embodiments of the present invention is
selected from the group consisting of a body {luid or secretion including but not limited to
blood, serum, urine, plasma, prostatic fluid, seminal fluid, semen, the external secretions of
the skin, respiratory, intestinal, and genitourinary tracts, tears, cerebrospinal fluid, synovial
[Muid, sputum, saliva, milk, peritoneal [luid, pleural fluid, cyst fluid, secretions of the breast
ductal system (and/or lavage thereof), broncho alveolar lavage, lavage of the reproductive
system and lavage ol any other part of the body or system in the body; samples of any organ
including isolated cells or tissues, wherein the cell or tissue can be obtained from an organ
selected from, but not limited to lung, prostate, colon, ovarian and/or breast tissue, and/or
any other solid tissue; stool or a tissue sample, or any combination thereof. In some
embodiments, the term encompasses samples of in vivo cell culture constituents. Prior to be
subjected to the diagnostic assay, the sample can optionally be diluted with a suitable
cluant.

In some embodiments, the phrase "marker” in the context of the present invention
refers to a nucleic acid fragment, a peptide. or a polypeptide, which is differentially present
in a sample taken from patients (subjects) having one of the herein-described diseases or
conditions, as compared to a comparable sample taken from subjects who do not have one
the above-described diseases or conditions.

In some embodiments, the phrase "differentially present” refers to differences in the
quanlily or quality of a marker present in a sample tuken [rom palients having one of the
herein-described diseases or condilions as compared to a comparable sample taken from
palients who do nol have one ol the herein-described diseases or conditions. For example, a
nucleic acid [ragment may optionally be differentially present between the two samples if
the amount of the nucleic acid fragment in one sample is significantly different from the
amount ol the nucleic acid [ragment in the other sample. lor example as measured by
hybridization and/or NAT-based assays. A polypeplide is differentially present between the
two samples if the amount of the polypeptide in one sample is significantly different from
the amount of the polypeptide in the other sample. It should be noted that if the marker is
detectable in one sample and not deteciable in the other, then such a marker can be

considered lo be differentially present. Optionally, a relatively low amount of up-regulation

98



10

15

20

25

30

may serve as the marker, as described herein. One of ordinary skill in the art could easily
determine such relative levels of the markers; further guidance is provided in the description
of each individual marker below.

In some embodiments, the phrase "diagnostic" means identifying the presence or
nature of a pathologic condition. Diagnostic methods differ in their sensitivity and
specificity. The "sensitivity" of a diagnostic assay is the percentage of diseased individuals
who test positive (percent of "true positives"). Diseased individuals not detected by the
assay are "[alse negalives." Subjects who are not diseased and who lest negative in the assay
are termed "true negatives." The "specificity” of a diagnostic assay is 1 minus the false
posilive rate, where (he "false posilive" rate is defined as the proportion of those without the
disease who test positive. While a particular diagnostic method may not provide a definitive
diagnosis of a condition, it suffices if the method provides a positive indication that aids in
diagnosis.

As used herein the term "diagnosis" refers to the process of identifying a medical
condition or disease by its signs, symptoms, and in particular from the results of various
diagnostic procedures, including e.g. detecting the expression of the nucleic acids or
polypeptides according to at least some embodiments of the present invention in a
biological sample (e.g. in cells, tissue or serum, as defined below) obtained from an
individual. Furthermore, as used herein the term "diagnosis" encompasses screening for a
disease, detecting a presence or a severity of a disease, providing prognosis of a disease,
monitoring disease progression or relapse, as well as assessment of treatment efficacy
and/or relapse of a disease, disorder or condition. as well as selecting a therapy and/or a
treatment for a disease, oplimization of a given therapy for a disease, moniloring the
treatment of a disease, and/or predicting the suitability of a therapy for specific patients or
subpopulations or determining the appropriate dosing of a therapeulic product in patients or
subpopulations. The diagnostic procedure can be performed in vivo or in vitro.

In some embodiments, the phrase “‘qualitative”™ when in reference to differences in
expression levels of a polynucleotide or polypeptide as described herein, refers to the
presence versus absence of expression, or in some embodiments, the lemporal regulation of
expression, or in some embodiments, the timing of expression, or in some embodiments,
any post-translational modifications to the expressed molecule, and others, as will be
appreciated by one skilled in the art. In some embodiments, the phrase “quantilative™ when
in reference to differences in expression levels of a polynucleolide or polypeptide as

described herein. refers (o absolute differences in quantity of expression, as delermined by
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any means, known in the art, or in other embodiments, relative differences, which may be
statistically significant, or in some embodiments, when viewed as a whole or over a
prolonged period of time, etc., indicate a trend in terms of differences in expression.

In some embodiments, the term “diagnosing” refers to classifying a disease or a
symptom, determining a severity of the disease, monitoring disease progression, forecasting
an outcome of a disease and/or prospects of recovery. The term *“‘detecting” may also
optionally encompass any of the above.

Diagnosis ol a disease according Lo the present invenlion can, in some embodiments,
be affected by determining a level of a polynucleotide or a polypeptide of the present
invention in a biological sample obtained [rom the subjecl, wherein the level determined
can bc correlated with predisposition to, or presence or absence of the discasc. It should be
noted that a “biological sample obtained from the subject” may also optionally comprise a
sample that has not been physically removed from the subject, as described in greater detail
below.

In some embodiments, the term "level" refers to expression levels of RNA and/or
protein or to DNA copy number of a marker of the present invention.

Typically the level of the marker in a biological sample obtained from the subject is
different (i.e., increased or decreased) from the level of the same marker in a similar sample
obtained from a healthy individual (examples of biological samples are described herein).

Numerous well known tissue or fluid collection methods can be utilized to collect the
biological sample from the subject in order to determine the level of DNA, RNA and/or
polypeptide of the marker of interest in the subject.

Examples include, but are nol limited to, fine needle biopsy. needle biopsy, core
needle biopsy and surgical biopsy (e.g., brain biopsy), and lavage. Regardless of the
procedure employed, once a biopsy/saniple is obtained the level of the marker can be
determined and a diagnosis can thus be made.

Determining the level of the same marker in normal tissues of the same origin is
preferably effected along-side to detect an elevated expression and/or amptilicalion and/or a
decreased expression, of the marker as opposed to the normal tissues.

In some embodiments, the term "test amount” of a marker refers (o an amount ol a
marker in a subject’s sample that is consistent with a diagnosis of a particular disease or
condition. A test amount can be either in absolute amount (e.g., microgram/ml) or a relative

amount (e.g., relative intensity of signals).
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In some embodiments, the term "control amount” of a marker can be any amount or a
range of amounts to be compared against a test amount of a marker. For example, a control
amount of a marker can be the amount of a marker in a patient with a particular disease or
condition or a person without such a disease or condition. A control amount can be either in
absolute amount (e.g., microgram/ml) or a relative amount (e.g., relative intensity of
signals).

In some embodiments, the term "detect” refers to identifying the presence, absence or
amount of the object Lo be detectled.

In some embodiments, the term "label" includes any moiety or item detectable by
spectroscopic, photo chemical, biochemical, immunochemical, or chemical means. For
cxample, useful labels include 32P, 35S, fluorescent dycs, clectron-dense rcagents, enzymes
(e.g., as commonly used in an ELISA), biotin-streptavadin, dioxigenin, haptens and proteins
for which antiscra or monoclonal antibodies arc available, or nucleic acid molecules with a
sequence complementary to a target. The label often generates a measurable signal, such as
a radioactive, chromogenic, or fluorescent signal, that can be used to quantify the amount of
bound label in a sample. The label can be incorporated in or attached to a primer or probe
either covalently, or through ionic, van der Waals or hydrogen bonds, e.g., incorporation of
radioactive nucleotides, or biotinylated nucleotides that are recognized by streptavadin. The
label may be directly or indirectly detectable. Indirect detection can involve the binding of a
second label to the first label, directly or indirectly. For example, the Jabel can be the ligand
of a binding partner, such as biotin, which is a binding partner for streptavadin, or a
nucleolide sequence, which is the binding partner for a complementary sequence, to which
it can specifically hybridize. The binding partner may itsell be direcly detectable, for
example, an antibody may be itself labeled with a fluorescent molecule. The binding partner
also may be indirectly detectable, for example, a nucleic acid having a complementary
nucleotide sequence can be a part of a branched DNA molecule that is in urn detectable
through hybridization with other labeled nucleic acid molecules (see, e.g., P. D. Fahrlander
and A. Klausner, Bio/Technology 6:1165 (1988)). Quantitation of the signal is achicved by,
¢.g.. scintillation counling, densitonietry, or flow cytomelry.

Exemplary detectable labels, optionally and preferably for use with immunoassays,
include but are not limited to magnetic beads, fluorescent dyes, radiolabels, enzymes (e.g.,
horse radish peroxide, alkaline phosphatase and others commonly used in an ELISA), and
calorimelric labels such as colloidal gold or colored glass or plastic beads. Alternatively, the

marker in the sample can be detected using an indirect assay, wherein. for example, a
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second, labeled antibody is used to detect bound marker-specific antibody, and/or in a
competition or inhibition assay wherein, for example, a monoclonal antibody which binds to
a distinct epitope of (the marker are incubated simultaneously with the mixture.

"Immunoassay” is an assay that uses an antibody to specifically bind an antigen. The
immunoassay is characterized by the use of specific binding properties of a particular
antibody to isolate, target, and/or quantify the antigen.

The phrase "specifically (or selectively) binds" to an antibody or "specifically (or
selectively) immunoreactive with," or “specifically interacts or binds” when referring (o a
protein or peptide (or other epitope), refers, in some embodiments, to a binding reaction that
is determinative of the presence of the protein in a helerogeneous population of proteins and
other biologics. Thus, under designated immunoassay conditions, the specificd antibodies
bind to a particular protein at least two times greater than the background (non-specific
signal) and do not substantially bind in a significant amount to other proteins present in the
sample. Specific binding to an antibody under such conditions may require an antibody that
is selected for its specificity for a particular protein. For example, polyclonal antibodies
raised to seminal basic protein from specific species such as rat, mouse, or human can be
selected (o obtain only those polyclonal antibodies that are specifically immunoreactive
with seminal basic protein and not with other proteins, except for polymorphic variants and
alleles of seminal basic protein. This selection may be achieved by subiracting out
antibodies that cross-react with seminal basic protein molecules from other species. A
variety of immunoassay formats may be used to select antibodies specifically
immunoreactive with a particular protein. For example, solid-phase ELISA immunoassays
are roulinely used (o select antibodies specifically immunoreactive with a protein (see, e.g.,
Harlow & ILane, Antibodies, A Laboratory Manual (1988), for a description of
immunoassay formats and conditions that can be used to determine specific
immunoreactivity). Typically a specific or selective reaction will be at least twice
background signal or noise and more typically more than 10 to 100 times background.

In another embodiment. this invention provides a method for detecting the
polypeptides of this invention in a biological sample, comprising: conlacling a biological
sample with an antibody specifically recognizing a polypeptide according to the present
invention and detecting said interaction; wherein the presence of an interaction correlates
with he presence of a polypeptide in the biological sample.

In some embodiments of the present invention, the polypeptides described hercin are

non-limiting examples of markers for diagnosing a disease and/or an indicative condition.
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Each marker of the present invention can be used alone or in combination, for various uses,
including but not limited to, prognosis, prediction, screening, early diagnosis, determination
of progression, therapy selection and treatment monitoring of a disease and/or an indicative
condition.

Cach polypeptide/polynucleotide of the present invention can be used alone or in
combination, for various uses, including but not limited to, prognosis, prediction, screening,
early diagnosis, determination of progression, therapy selection and treatment monitoring of
disease and/or an indicative condilion, as detailed above.

Such a combination may optionally comprise any subcombination of markers, and/or
a combination fealuring al least one other marker, [or example a known marker.
Furthermore, such a combination may optionally and preferably be uscd as described above
with regard to determining a ratio between a quantitative or semi-quantitative measurement
of any marker described hercin to any other marker described herein, and/or any other
known marker, and/or any other marker.

In some embodiments of the present invention, there are provided of methods, uses,
devices and assays for the diagnosis of a disease or condition. Optionally a plurality of
markers may be used with the present invention. The plurality of markers may optionally
include a markers described herein, and/or one or more known markers. The plurality of
markers is preferably then correlated with the disease or condition. For example, such
correlating may optionally comprise determining the concentration of each of the plurality
of markers, and individually comparing each marker concentration to a threshold level.
Optionally, if the marker concentration is above or below the threshold level (depending
upon the marker and/or the diagnostic test being performed), the marker concentration
correlates with the disease or condition. Optionally and preferably, a plurality of marker
concentrations correlates with the disease or condition.

Alternatively, such correlating may optionally comprise determining the concentration
of each of the plurality of markers, calculating a single index value based on the
concentration of each of the plurality of markers, and comparing the index value to a
threshold level.

Also alternatively, such correlaling may optionally comprise determining a temporal
change in al least one of the markers, and wherein the temporal change is used in the
correlating step.

Also alternatively, such correlating may optionally comprise determining whether at

least X" number of the plurality of markers has a concentration outside of a predetermined
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range and/or above or below a threshold (as described above). The value of *“X” may
optionally be one marker, a plurality of markers or all of the markers; alternatively or
additionally, rather than including any marker in the count for “X”, one or more specific
markers of the plurality of markers may optionally be required to correlate with the disease
or condition (according to a range and/or threshold).

Also alternatively, such correlating may optionally comprise determining whether a
ratio of marker concentrations for two markers is outside a range and/or above or below a
threshold. Optionally, il the ralio is above or below the threshold level and/or outside a
range, the ratio correlates with the disease or condition.

Optionally, a combination ol two or more these correlations may be used wilh a single
panel and/or for correlating between a plurality of panels.

Optionally, the method distinguishes a disease or condition with a sensitivity of at
least 70% at a specificity of at lcast 85% when compared to normal subjects. As used
herein, sensitivity relates to the number of positive (discased) samples detected out of the
total number of positive samples present; specificity relates to the number of true negative
(non-diseased) samples detected out of the total number of negative samples present.
Preferably, the method distinguishes a disease or condition with a sensitivity of at least 80%
at a specificity of at least 90% when compared (o normal subjects. More preferably, the
method distinguishes a disease or condition with a sensitivity of at least 90% at a specificity
of at least 90% when compared to normal subjects. Also more preferably, the method
distinguishes a disease or condition with a sensitivity of at least 70% at a specificity of at
least 85% when compared to subjects exhibiting symploms that mimic disease or condition
symploms.

A marker panel may be analyzed in a number of fashions well known to those of skill
in the art. For example, each member of a panel may be compared to a "normal"” value, or a
value indicating a particular outcome. A particular diagnosis/prognosis may depend upon
the comparison of each marker to this value; allernatively, if only a subset of markers is
outside of a normal range, this subsel may be indicative of a particular diagnosis/prognosis.
The skilled artisan will also understand that diagnostic markers, differential diagnostic
markers, prognostic markers, time ol onset markers, disease or condition differentiating
markers, elc., may be combined in a single assay or device. Markers may also be commonly
used for multiple purposes by. for example, applying a different threshold or a different

weighting factor to the marker for the different purposes.
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In one embodiment, the panels comprise markers for the following purposes:
diagnosis of a disease; diagnosis of disease and indication if the disease is in an acute phase
and/or if an acute attack of the disease has occurred; diagnosis of disease and indication if
the disease is in a non-acute phase and/or if a non-acute attack of the disease has occurred,;
indication whether a combination of acute and non-acute phases or attacks has occurred,
diagnosis of a disease and prognosis of a subsequent adverse outcome; diagnosis of a
disease and prognosis of a subsequent acute or non-acule phase or attack; disease
progression (for example for cancer, such progression may include for example occurrence
or recurrence of metastasis).

The above diagnoses may also optionally include diflerential diagnosis of the disease
to distinguish it from other diseases, including thosc discascs that may feature one or more
similar or identical symptoms.

In certain embodiments, one or more diagnostic or prognostic indicators are correlated
to a condition or disease by merely the presence or absence of the indicators. In other
embodiments, threshold levels of a diagnostic or prognostic indicators can be established,
and the level of the indicators in a patient sample can simply be compared to the threshold
levels. The sensitivity and specificity of a diagnostic and/or prognostic test depends on more
than just the analytical "quality" of the test--they also depend on the definition of what
constitutes an abnormal result. In practice, Receiver Operating Characleristic curves, or
"ROC" curves, are typically calculated by plotting the value of a variable versus its relative
frequency in "normal” and "disease" populations, and/or by comparison of results from a
subject before, during and/or after treatment.

IMMUNOASSAYS

In another embodiment of the present invention, an immunoassay can be used to
qualitatively or quantitatively detect and analyze markers in a sample. This method
comprises: providing an antibody that specifically binds to a marker; contacting a sample
with the antibody; and detecting the presence of a complex of the antibody bound to the
marker in the sample.

To prepare an antibody that specifically binds (o a marker, purified protein markers
can be used. Antibodies that specifically bind to a protein marker can be prepared using any
suitable methods known in the art.

After the antibody is provided, a marker can be detected and/or quantified using any
of a number of well recognized immunological binding assays. Useful assays include, for

example, an enzyme immune assay (EIA) such as cnzyme-linked immunosorbent assay
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(ELISA), a radioimmune assay (RIA), a Western blot assay, or a slot blot assay sce, €.g.,
U.S. Pat. Nos. 4,366.241; 4,376,110; 4,517,288; and 4,837,163). Generally, a sample
obtained from a subject can be contacted with the antibody that specifically binds the
marker.

Optionally, the antibody can be fixed to a solid support to facilitate washing and
subsequent isolation of the complex, prior to contacting the antibody with a sample.
Examples of solid supports include but are not limited to glass or plastic in the form of, e.g.,
a microliter plate, a stick, a bead, or a microbead. Antibodies can also be attached (o a solid
support.

Alter incubaling the sample with anlibodies, the mixture is washed and the antibody-
marker complex formed can be detected. This can be accomplished by incubating the
washed mixture with a detection reagent. Alternatively, the marker in the sample can be
dctected using an indirect assay, wherein, for cxample, a sccond, labeled antibody is uscd to
detect bound marker-specific antibody, and/or in a competition or inhibition assay wherein,
for example, a monoclonal antibody which binds to a distinct epitope of the marker are
incubated simultaneously with the mixture.

Throughout the assays, incubation and/or washing steps may be required after each
combination of reagents. Incubation steps can vary from about 5 seconds to several hours,
preferably from about 5 minutes to about 24 hours. However, the incubation time will
depend upon the assay format, marker, volume of solution, concentrations and the like.
Usually the assays will be carried out at ambient temperature, although they can be
conducted over a range of temperatures, such as 10 °C to 40 °C.

The immunoassay can be used to delermine a lest amount of a marker in a sample
from a subject. First, a test amount of a marker in a sample can be delected using the
immunoassay methods described above. If a marker is present in the sample, it will form an
antibody-marker complex with an antibody that specifically binds the marker under suitable
incubation conditions described above. The amount of an antibody-marker complex can
optionally be determined by comparing (o a standard. As noted above, the test amount of
marker need not be measured in absolute units, as long as the unit of measurement can be
compared to a control amount and/or signal.

Radio-immunoassay (RIA): In one version, this method involves precipitation of the
desired substrate and in the methods detailed herein below, with a specilic antibody and

radiolabeled antibody binding protein (e.g., protein A labeled with 1125) immobilized on a
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precipitable carrier such as agarose beads. The number of counts in the precipitated pellet is
proportional to the amount of substrate.

In an alternate version of the RIA, a labeled substrate and an unlabelled antibody
binding protein are employed. A sample containing an unknown amount of substrate is
added in varying amounts. The decrease in precipitated counts from the labeled substrate is
proportional to the amount of substrate in the added sample.

Enzyme linked immunosorbent assay (ELISA): This method involves fixation of a
sample (e.g., fixed cells or a proteinaceous solution) conlaining a protein substrate 1o a
surface such as a well of a microtiter plate. A substrate specific antibody coupled to an
enzyme is applied and allowed to bind Lo the subsirate. Presence of the antibody is then
detected and quantitated by a colorimetric reaction employing the cnzyme coupled to the
antibody. Enzymes commonly employed in this method include horseradish peroxidase and
alkalinc phosphatasc. If well calibrated and within the lincar range of response, the amount
of substrate present in the sample is proportional to the amount of color produced. A
subslrate standard is generally employed to improve quantitative accuracy.

Western blot: This method involves separation of a substrate from other protein by
means of an acrylamide gel followed by transfer of the substrate to a membrane (e.g., nylon
or PVDF). Presence of the substrate is then detected by antibodies specific to the substrate,
which are in turn detected by antibody binding reagents. Antibody binding reagents may be,
for example, protein A, or other antibodies. Antibody binding reagents may be radiolabeled
or enzyme linked as described hereinabove. Detection may be by autoradiography,
colorimetric reaction or chemiluminescence. This method allows both quantitation of an
amount of substrate and delermination of its identity by a relative position on the membrane
which is indicative of a migration distance in the acrylamide gel during electrophoresis.

Immunohistochemical analysis: This method involves detection of a substrate in situ
in fixed cells by substrate specific antibodies. The substrate specilic antibodies may be
enzyme linked or linked to fluorophores. Detection is by microscopy and subjective
evaluation. If enzyme linked antibodies are employed, a colorimetric reaction may be
required.

Fluorescence activated cell sorting (FACS): This method involves detection of a
substrate in situ in cells by substrate specific antibodies. The substrate specific antibodies
are linked to fluorophores. Detection is by means of a cell sorting machine which reads the
wavelength of light emitted from each cell as it passes through a light beam. This method

may employ two or more antibodies simultancously.
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RADIO-IMAGING METHODS

These methods include but are not limited to, positron emission tomography (PET)
single photon emission computed tomography (SPECT). Both of these techniques are non-
invasive, and can be used to detect and/or measure a wide variety of tissue events and/or
functions, such as detecting cancerous cells for example. Unlike PLET, SPECT can
optionally be used with two labels simultaneously. SPECT has some other advantages as
well, for example with regard to cost and the types of labels that can be used. For example,
US Patent No. 6,696,686 describes the use of SPECT [or detection of breast cancer, and is
hereby incorporated by reference as if fully set forth herein.

THERANOSTICS:

The term theranostics describes the use of diagnostic testing to diagnosc the diseasc,
choose the correct treatment regime according to the results of diagnostic testing and/or
monitor the paticnt responsc to therapy according to the results of diagnostic (esting.
Theranostic tests can be used (o select patients for treatments that are particularly likely to
benefit them and unlikely to produce side-effects. They can also provide an early and
objective indication of treatment efficacy in individual patients, so that (if necessary) the
treatment can be altered with a minimum of delay. For example: DAKO and Genentech
together created HercepTest and Herceptin (trastuzumab) for the treatment of breast cancer,
the first theranoslic test approved simultaneously with a new therapeutic drug. Tn addition to
HercepTest (which is an immunohistochemical test), other theranostic tests are in
development which wuse traditional clinical chemistry, immunoassay, cell-based
technologies and nucleic acid lests. PPGx's recently launched TPMT (thiopurine S-
melthyltransferase) test, which is enabling doctors to identily patients al risk for polentially
[atal adverse reactions to 6-mercaptopurine, an agent used in the treatment of leukemia.
Also, Nova Molecular pioneered SNP genotyping of the apolipoprotein E gene to predict
Alzheimer's disease palients’ responses to cholinomimetic therapies and it is now widely
used in clinical trials of new drugs for this indication. Thus, the field of theranostics
represents the intersection of diagnostic testing information that predicts the response ol a
patient (o a treatment wilh the selection of the appropriate (reatment for that particular
patient.

SURROGATE MARKERS:

A surrogate marker is a marker, that is detectable in a laboratory and/or according 10 a
physical sign or symplom on the patient, and that is used in therapeutic trials as a substitule

for a clinically meaningful endpoint. The surrogate marker is a direct measure of how a
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patient feels, functions, or survives which is expected to predict the effect of the therapy.
The need for surrogate markers mainly arises when such markers can be measured earlier,
more conveniently, or more frequently than the endpoints of interest in terms of the effect of
a treatment on a patient, which are referred to as the clinical endpoints. Ideally, a surrogate
marker should be biologically plausible, predictive of disease progression and measurable
by standardized assays (including but not limited to traditional clinical chemistry,
immunoassay, cell-based technologies, nucleic acid tests and imaging modalities).

The present invention is further illustrated by the following examples. This
information and examples is illustrative and should not be construed as further limiting. The
contents ol all figures and all references, patents and published patent applications cited

throughout this application arc expressly incorporated herein by reference.

EXAMPLES
EXAMPLE 1: CLONING OF C10RF32 PROTEINS

a. HUMAN C10RF32 PROTEIN (SEQ ID NO:1)

[Full length cloning of the short isoform of human C1ORI32 (encoding to SEQ ID
NO:1) was performed by RT-PCR using ¢cDNA derived [rom a sample of small cell lung
cancer cDNA as a template, and gene specific primers delimiting the full ORF (SEQ ID
NO:20).

PCR reaction of 50pl contained 10ng of small cell lung cancer as template, 2.5u
(10uM) — of each primer 100-746_For (SEQ ID NO:27) and 100- 787_Rev (SEQ ID NO:
29) and Platinum PFX™ (Invitrogen., Carlsbad, CA, USA, catalog number: 1178-021). The
PCR program was: 5 minutes in 95 °C; 35 cycles of: 30 seconds at 94 °C, 30 seconds at 55
°C, 50 seconds at 68 °C; following 10 minutes at 68 °C.

The PCR products were purilied, digested with the Nhe and EcoRI restriction
enzymes (New England Biolabs. Beverly, MA, U.S.A.). The digested DNA was then ligated
into pIRESpuro3 (pRp) vector (Clontech, cat No: 631619) previously digested with the

above restriction enzymes, using T4 DNA ligase (Promega, catalog number: M1801).

The resulting DNA was transformed into competent E. Coli bacteria DHS5o. (RBC
Bioscicnce, Taipei. Taiwan, catalog number: RH816) according to manufacturer’s
instructions, then plated on LB-ampicillin agar plates for selection of recombinant plasmids,
and incubatcd overnight at 37°C. The following day. positive colonics were grown in 5 ml
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Terrific Broth supplemented with 100pg/ml ampicillin, with shaking overnight at 37°C.
Plasmid DNA was isolated from bacterial cultures using Qiaprep™ Spin Miniprep Kit
(Qiagen, catalog number: 27106). The insert was verified by sequencing (Hylabs, Rehovot,
Israel). The corresponding nucleic acid sequence is shown in SEQ ID NO:20.

b. HHUMAN CI1ORI32-11A TAGGED PROTEIN (SCEQ ID NO: 22)

Full length cloning of human C1ORI32-HA tagged (encoding to SEQ ID NO: 22)
was performed by PCR using as a template the full ORF of the untagged construct described
above, and specific primers (SEQ 1D NOs: 27 and 28) inserting the HA tag in frame within
the cxtracellular domain region of CIORF32 (SEQ ID NOs: 22), at amino acid position 51.

Cloning was done by PCR wusing Platinum PFX™, 10ng of human
C10RF32_pIRESpuro3 (pRp) vector as template and 10uM of primers 100-746_For (SEQ
ID NO: 27) and 100-927_Rev (SEQ D NO: 28).The resulting DNA was transformed into
competent E. Coli bacteria DHS50. The cloning and the transformation procedures were
carried out as described above. The corresponding nucleic acid sequence is shown in SEQ

ID NO:22.

¢. CHIMERIC MOUSE-HUMAN C10RIF32 (SEQ ID NO: 8)

The human C10ORI32 encoding to SEQ 1D NO: 1, was used to generate a prolein
having a mouse extracellular domain by adding 2 amino acids mismaltches present in the
mouse ECD as follows: T75->P and §79->A, resulting in a chimeric protein with mouse
ECD sequence and a short (ail derived [rom the human short isolorm. This was carried out

by site directed mutagenesis as follows:

PCR reaction of 50pl contained 10ng of human C1ORF32_pRp construct (SEQ 1D
NO: 21) as template, 2.5ul (10uM) — of each primer 200-386_For (SEQ 1D NO: 25) and
200-387_Rev (SEQ ID NO: 26) and PfuUlua 1T Fusion HS DNA Polymerase (Stratagene,
Catalog no. 600670). The PCR program was: 3 minutes in 95°C; 12 cycles of: 1 min at
95°C" I min at 55°C, 3 min at 72°C; followed by 1 min at 47°C and 10 minutes at 72°C. The
PCR product was treated with 2pl of Dpnl (New England Biolab, Catalog No. R0O176S) at
37°C for 2 hours. 5ul of the PCR product were transformed into NEB 5-alpha Competent E.
coli cells (catalog number: NEB-C29871) according o manufacturer’s instructions and
processed as described above. DNA was verified by scquencing and is shown in SEQ ID

NO:30.
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d. MOUSE C10RF32_FLLAG TAGGED PROTEIN (SEQ ID NO: 21)

Full length cloning of mouse-C10RF32-Flag encoding to SEQ ID NO: 21) was
performed by gene synthesis (GENEWIZ,USA).

The synthesised DNA (SEQ ID NO:21) was digested with Nhel and Notl restriction
enzymes (New Lngland Biolabs, Beverly, MA, U.S.A.). After digestion, DNA was loaded
onto a 1% agarose gel were loaded onto a 1% agarose gel stained with ethidium bromide,
electrophoresed in 1XTAE solution at 100V, and visualized with UV light. After verification
of expected band size, PCR product was excised and extracted from the gel using
QIAquick™ Gel Extraction kit (Qiagen, catalog number: 28707). The digested DNA was
then ligated into pIRESpuro3 (pRp) vector (Clontech, cat No: 631619) previously digested
with the above restriction enzymcs, using T4 DNA ligase (Promcga, catalog number:
M1801). The resulting DNA was transformed into NEB 5-alpha Competent E. coli cells as
described above: Positive colonies were screened by PCR using pIRESpuro3 vector specific
primer (data not shown) and the insert was verified by sequensing. The corresponding

nucleic acid sequence is shown in SEQ 1D NO:21.

EXAMPLE 2: PRODUCTION OF POLYCLONAI. ANTIBODIES SPECIFIC TO
C10RI32 PROTEIN

The procedures of raising specific polyclonal antibodics (pAbs) against C10RF32
including peptide synthesis, peptide conjugation, animal immunizations, bleeding and
antibody purification were performed at Sigma-Aldrich (Israel). Two pairs of rabbits (one
pair per epitope) were injected in order to generate C1ORF32 (SEQ ID NO: J)- specific

antibodies. All animal care, handling and injections were performed by Sigma (Israel).

Peptides used for rabbit immunization were as follows: C10RF32-epl peptide (SEQ
ID NO: 2), having an amino acid sequence corresponding to amino acid residues 75-93
from the CI1ORF32 protein (SEQ 1D NO: 1), set forth in SEQ ID NO:2:
TRAQSLSKRNLEWDPYLDC. The second peptide used was C1ORI¥32-ep2 peptide (SEQ
ID NO: 3), having an amino acid sequence corresponding to amino acid residues 148-163
from the CI1ORF32 protein (SEQ ID NO: 1). set forth in SEQ ID NO:3:
TTPDDLEGKNEDSVEL. A C-terminal Cystein was added to the CIORF32-¢p2 peptide
(SEQ ID NO: 3), in order (o conjugate the peplide to KLH carrier, as set forth in SEQ 1D
NO: 6: TTPDDLEGKNIEDSVEL-C.
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25mg of each peptide were synthesized with 95% purity of which 10mg were
conjugated to KLH carrier. Each pair of rabbits was immunized with the corresponding
conjugated peptide as follows: rabbits R1(R7531) and R2 (R7532) were immunized with
CI1ORF32-epl peptide (SEQ ID NO: 2), and rabbits R3 (R7533) and R4 (R7534) were
imnunized with CIORF32-ep2 peptide (SEQ ID NO: 6). Animals were immunized every
two weeks. 60ml production bleeds from each rabbit were collected and affinity purification

was performed with the peptide against which the respective antibodies were raised.

The binding of the polyclonal antibodies (pAbs) raised against CIORF32 and the
corresponding C10RF32 protein as set forth in SEQ ID NO:4, corresponding to portion of
CIORF32-ECD fused to mouse IgG2a protein (SEQ ID NO:4) was determined by western

blot analysis using testbleeds from rabbits #1, 2, 3 and 4, as described below.

25ul of 4X NuPAGE® LDS sample buffer (Invitrogen, catalog number: NPO0OO7)
was added to O.lug protein. In addition, 1,4-Dithiothreitol (DTT; a reducing agent) was
added to a final concentration of 100mM. The samples were then incubated at 70°C for 10

minutes, followed by a 1 minute spin at 20,000xg.

Protein samples loaded into a 4-12% NuPAGE® Bis-Tris gels (Invitrogen, catalog
number: NP0321), and gels were run in 1xMOPS SDS running buffer (Invitrogen, catalog
number: NPOOO1), using the XCell SurcLock™ Mini-Cell (Invitrogen, catalog number:
E10001), according to manufacturer’s instructions. The separated proleins were transferred
to a nitrocellulose membrane (Schleicher & Schuell, catalog number: 401385) using the
XCell™ II blotting apparatus (Invitrogen, catalog number E19051), according to

manufacturer’s instructions.

The membrane containing blotted proteins was processed for antibody detection as

follows:

Non-specific regions of the membrane were blocked by incubalion in 5% skim-milk
diluted in Phosphate buffered saline (PBS) supplemented with 0.05% Tween-20 (PBST) for
172 hour at room temperature (all subsequent incubations occur for 1 hour at room
temperature). Blocking solulion was then replaced with primary antibodies solutions; Rabbit
polyclonal to CIORF32 described above diluted 1:250 in blocking solution. After 3 5-
minute washes, secondary antibody was applied: goal anti-rabbit conjugated to Peroxidase
conjugated Affipure Goat anti Rabbit 1gG (Jackson, catalog number: 111-035-003) diluted
1:10,000 in blocking solution. After three 5-minute washes, ECL. substrate (PIERCE,
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catalog number: PIR-34080) was applied for 1 minute, followed by exposure to X-ray film

(Fuji, catalog number: 100NIF). The results are presented in Figure 1.

Figure 1 demonstrates that serum from immunized rabbits R1 (R7531), R2 (R7532)
and R4 (R7534) binds to the rccombinant CIORF32-ECD-mousc 1gG2a fusion protcin
(SEQ ID NO:4) as compared to the pre-immunized bleed, at the expected band size of

~50kDa. Serum from rabbit R3 was not detectable under this experimental conditions.
EXAMPLE 3: GENERATION OF STABLE POOLS EXPRESSING C10RF32 PROTEIN

Establishment of stable pool cells over expressing human CIORF32 (SEQ 1D
NO:1),chimeric human-mouse C1ORF32(SEQ ID NO:8) and mouse C1ORF32(SEQ ID
NO:21) proteins in HEK-293T cells.

Human C1ORF32 pIRESpuro3 construct (SEQ ID NO: 22) or pIRESpuro3 cmpty

vector were stably transfected into HEK-2931 cells as follows:

HEK-293T (ATCC, CRL-11268) cells were plated in a sterile 6 well plate suitable for
tissue cullure, using 2ml pre-warmed of complete media, DMEM [Dulbecco’s modilied
Lagle’s Media, Biological Industries (Beit ITa’Lmek, Israel), catalog number: 01-055-1A] +
10% FBS [Fetal Bovine Serum, Biological Industries (Beit Ha'Emek. Israel), catalog
number: 04-001-1A] + 4mM L-Glutamine [Biological Industries (Beit Ha’Emek, Israel),
catalog number: 03-020-1A]. 500,000 cells per well were transfected with 2jg of DNA
construct using 6l FuGENE 6 reagent (Roche, catalog number: 11-814-443-001) diluted
into 94ul OptiMEM(GIBCO 31985-047). The mixture was incubated at room temperature
for 15 minutes. The complex mixture was added dropwise to the cells and swirled. Cells
were placed in incubator maintained at 37°C with 5% CO2 content. 48 hours following
transfection, transfected cells were transferred to a 75cm?2 tissue culture flask containing
15ml of selection media; complete media supplemented with Spg\ml puromycin (Sigma,
catalog number P8833). Cells were placed in incubator, and media was changed every 3-4

days. until clone formation observed.

Upon sufficient quantities of cells passing through selection, cells were harvested.
Cells were lysed in 300ul RTPA bulfer (S0mM Tris HCI pH &, 150 mM NaCl, 1% NP-40,
0.5% sodium Deoxycholate, 0.1% SDS) supplemented with protease inhibitors (Roche,
catalog number: 11873580001), for 20 min on ice. I'ollowing centrifugation at 4°C for 15

minutes at 20,000xg, the clear supernalants were transferred (o clean tubes and 100pl of 4X
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NuPAGE® LDS sample buffer (Invitrogen, catalog number: NPOOO7) was added. In
addition, 1,4-Dithiothreitol (DTT; a reducing agent) was added to a final concentration of
100mM. The samples were Lhen incubated at 70°C for 10 minutes, [ollowed by a 1 minute
spin at 20,000xg. SDS-PAGE (Laemmli, U.K., Nature 1970; 227; 680-685) was performed
upon loading of 30l of samplc per lanc into a 4-12% NuPAGE® Bis-Tris gels (Invitrogen,
catalog number: NP0321), and gels were run in 1XMOPS SDS running bulfer (Invitrogen,
catalog number: NP0OO1), using the XCell SureLock™ Mini-Cell (Invitrogen, catalog
number: E10001), according (o manulaclurer’s instructions. The separated proleins were
transferred to a nitrocellulose membrane (Schieicher & Schuell, catalog number: 401385)
using the XCell™ II blotting apparatus (Invitrogen, catalog number E19051), according to

manufacturer’s instructions.

The samples were further processed and analyzed by SDS-PAGE as described above.

Establishment of stable pools cells over expressing C1ORF32 protein in CHO-K1 cells

CHO-K1 cells were stably transfected with Human C10ORF32 (SEQ ID NO: 1) and

pIRLSpuro3 empty vector plasmids as follows:

CHO-K1 (ATCC, CCL-61) cells were plated in a sterile 6 well plale suitable for
tissue culture, containing 2ml pre-warmed of complete media, F12 Nutrient Mixture (Ham)
(Gibco, catalog number: 01-055-1A) + 10% FBS [Fetal Bovine Serum, Biological
Industries (Beil Ha'Emek, Israel, catalog number: 04-001-1A) + 4mM L-Glutamine
(Biological Industries (Beit Ha’Emek, Israel), catalog number: 03-020-1A). 500,000 cells
per well were transfected with 2ug of DNA construct using 4.5ul Lipofectamine2000
transfection reagent (Invitrogen, cat No: 11668019) diluted into 100ul Opti-MCM® 1 Serum
Free Medium (Invitrogen,cat No: 31985-047). The mixture was incubated at room
temperature for 15 minutes. The complex mixture was added dropwise to the cells. The
cells were placed in an incubator maintained at 37°C with 5% CO2 contenl. 48 hours after
the transfection. the cells were transferred o a 75¢m?2 tissue culture (lask containing 15mi
of selection medium: complete medium supplemented with 12pg\ml puromycin (Sigma,
catalog number P8833). Cells were placed in an incubator, and thc medium was replaced

every 3-4 days. until clone [ormation was observed.
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EXAMPLE 4;: CHARACTERIZATION OF POLYCLONAL ANTI C10RF32
ANTIBODIES USING STABLE POOLS EXPRESSING C10RF32

A. WESTERN BLOT ANALYSIS OF STABLE POOLS EXPRESSING CI1ORF32
USING POLYCLONAL ANTI C10RF32 ANTIBODIES

To verify the antibodies specificity,whole cell extracts of stable pools expressing
CIORF32 in HEK293T recombinant cells were analyzed by western blot using anti
CI10ORF32 purified pAbs R7531.

Upon sufficient quantities of cells passing through selection, cells were harvested.
Cells were lysed in 300ul RIPA buffer (50mM Tris HCI pH 8, 150 mM NaCl, 1% NP-40,
0.5% sodium Deoxycholate, 0.1% SDS) supplemented with protease inhibitors (Roche,
catalog number: 11873580001), lor 20 min on ice. Following centrifugation at 4°C for 15
minutes at 20,000xg, the clear supernatants were transferred to clean tubes and 100ul of 4X
NuPAGE® LDS sample buffer (Invitrogen, catalog number: NPOOO7) was added. In
addition, 1,4-Dithiothreitol (DTT; a reducing agent) was added to a final concentration of
100mM. The samples were then incubated at 70°C for 10 minutes, followed by a 1 minute
spin at 20,000xg. SDS-PAGE (Laemmli, U.K., Nature 1970; 227; 680-685) was performed
upon loading of 30ul of sample per lane into a 4-12% NuPAGE® Bis-Tris gels (Invitrogen,
catalog number: NPO321), and gels were run in 1xMOPS SDS running buffer (Invitrogen,
catalog number: NP00O1), using the XCell SureLock™ Mini-Cell (Invitrogen, catalog
number: E10001), according 10 manufacturer’s instructions. The separated proteins were
transferred to a nitrocellulose membrane (Schlcicher & Schuell, catalog number: 401385)
using the XCell™ II blotting apparatus (Invitrogen, catalog number E19051), according to

manufacturer’s instructions.
The samples were further processed and analyzed by SDS-PAGE as described above.
The results are presented in Figure 2.

Figurc 2 demonstrates Western blot analysis of 30ug lysates of HEK293T pool
(ransfected with empty vector (lane 1), human-C1ORF32 (SEQ ID NO: 1) (lane 2), human-
C1ORI32-HA tagged (SEQ ID NO: 22) (lanc 3), chimeric mouse-human C10RF32 (SEQ
1) NO: 8) (lanc 4), mouse-C10RIF32-Flag lagged (SEQ ID NO: 21) (lane 5): using anti
CI1ORIF32 pAbs R7531 (2ug/ml). A band corresponding to the expected size ol ~30kDa for
the human- C1ORIEF32 or ~70kDa [or the mouse CORF32 (SEQ ID NO: 21) was detected in
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the various HEK293T- C1ORF32-transfected cells as oppose to whole cell extract of stable
HEK293T pool transfected with pIRESpuro3 empty vector. However, non specific bands

were observed at higher MW (molecular weight) in all cell lines.

B. FACS ANALYSIS OF STABLE POOLS EXPRESSING CI10RF32 USING
POLYCLONAL ANT1C10RF32 ANTIBODIES

To verify the pAbs binding to native cell-surfaced CIORI32 protein (SEQ ID NO: 1)
in stable (ransfections described above, Flow Cylometry analysis was performed, using anti
CIORF32 polyclonal antibodies R7531, R7532 and R7534 as described in section
“Production of polyclonal antibodies specific to CIORF32 protein”, herein. Non relevant
Rabbit IgG served as negative control (Sigma, cat 15006). Recombinant HEK293T cells
expressing C1ORE32 were stained with anti C1ORE32 antibodies (A) or HEK2931T
transfected  with  empty  vectot  pIRESpuro3  followed by Donkey Anti Mousc-
FITCconjugated secondary Ab (Jackson,cat 711-096-152), and were observed for the

prescnce of fluorcscent signal.

Recombinant HEK293T- C10RF32 cells were dissociated from the plate using Cell
dissociation buffer Enzyme-Free PBS-Based (Gibco; 13151-014), washed in FACS buffer
[Dulbecco’s Phosphate Bulfered Saline (PBS) (Biological Industries, 02*023-1A)/ 1%
Bovinc Albumin (Sigma, A7030)] and counted. 0.5x10° cells were re-suspended in 100ul of
antibody solution, al 20ug/ml, and incubated for 1 hour on ice. The cells were washed with
icc-cold FACS buffer and incubated with secondary antibody as indicated for 1 hour on ice.
The cells were washed with ice-cold FACS buffer and re-suspended in 300ul FACS buffer,
then analyzed on the FACS machine (FACSCalibur, BD). The data was acquired and

analyzed using Cellquest Pro VER. 5.2.The results presented in Figure 3.

Figure 3 demonstrates Flow Cytomelry Analysis of recombinant HEK293T cells
expressing C1ORF32 untagged protein (A) as compared to HEK293T transfected with
emply veclor pIRESpuro3(B) using polyclonal antibodies specific for C10RF32 (R7531,
R7532, R7534. Non relevant Rabbit IgG (Sigma, cat 15006) used as a negative control.

The results represents specific binding of polyclonal antibodies to native cell-surfaced

CI1ORVF32 protein.

EXAMPLE 5A: DEVELOPMENT OIF MOUSE MONOCLONAL ANTIBODIES
SPECIFIC TO C1ORF32 PROTEIN
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Development of monoclonal antibody to CIORF32 protein (SEQ ID NO: 1) was
performed at SLRC (Silver Lake Research Corporation, California, USA).

All procedures, including peptides synthesis, animal care and handling, animal
immunizations, bleeding, fusions, hybridoma screening, and subcloning were performed at

SLRC, according to procedures that are well known to someone of ordinary skill in the art.

The development of monoclonal antibody to C1ORF32 protein (SEQ ID NO: 1) was
performed in two projects as follows: project 5159 (A) and project 5166 (B) as described

bellow.

Project 5159

SILRC used proprietary EAP™ (Enhanced Affinity Platform), system to produce
EAP-modified antigen for immunization using a peptide sequence, having an amino acid
sequence corresponding to amino acid residues 63-85 from the extracellular domain of
human C1ORF32 protein (SEQ ID NO: 1), with the additional Cys at the C’ terminus of the
peptide, as set forth in SEQ 1D NO: 6, TTPDDI.LEGKNEDSVELC.

Binding screening was performed by ELISA using purified recombinant ECD-
mlgG2a fusion protcin (SEQ ID NO: 4) or stable pool of HEK-293T cells over cxpressing
C1ORF32 protein previously described. Three positive clones were further processed for
subcloning in order to establish stable hybridoma clones. Hybridomas were stabilized,
subcloned and processed for antibody production and purification. Production and
purification of mAbs 5159-1, 5159-2 and 5159-3 were carried out to generate large scale

purified batches from each mAb for furher analysis.

Isotyping for each antibody was determined as [ollows: 5159-1 murine 1gG1 k; 5159-
2 murine TgG1 k; 5159-3 murine 1gM k.
Project 5166

SLRC wused proprietary EAP™ system to produce EAP-modified antigen for
immunization using fusion proteins CIORIF32-ECD-hlgGl, (SEQ ID NO:23) and
C10RF32-ECD-mlgG2a, (SEQ 1D NO: 24) as an immunogen.

Binding screening was performed by ELISA using [usion proteins C1ORF32-ECD-
hIgGl (SEQ ID NO: 23) and CIORIF32-ECD-mlgG2a (SEQ ID NO: 24) or stable pool of
HEK293T cells over expressing C1ORI32 described in section “Generation of stable pools

117



10

15

20

25

30

expressing C1ORF32 protein” herein. Two positive clones 5166-2 and 5166-9 were further
processed for subcloning in order to establish stable hybridoma clones and isotyped as
follows: murine 1gGlk for 5166-2 and murine IgM k for 5166-9. Hybridomas were
stabilized, subcloned and processed for antibody production and purification. Production
and purification of mAbs 5166-2 and 5166-9 were carried out to generate large scale

purified batches from each mAb for furher analysis.

EXAMPLE 5B: MONOCLONAIL. ANTIBODY SEQUENCING

Total RNA was extracted from frozen hybridoma cells following the technical
manual of TRIzol® Plus RNA Purification System (Invitrogen, Cat. No. : 15596-026). The
total RNA was analyzed by agarose gel electrophoresis. Total RNA was reverse transcribed
into ¢cDNA using isotype-specific anti-sense primers or universal primers following the
technical manual of SuperScriptTM III First-Strand Synthesis System (Invitrogen, Cat. No.
: 18080-051). RT-PCR was then performed to amplify the heavy and light chains of the
antibody. The antibody fragments of VH and VL were amplified according to the standard
operaling procedure of RACE of GenScripl.

Amplified antibody fragments were separately cloned into a standard cloning vector
using standard molecular cloning procedures.

Colony PCR screening was performed to identify clones with inserts of correct sizes.

Ten single colonies with correct VH and VL insert sizes were sent for sequencing.
The VH and VL genes of ten different clones were found nearly identical.

The consensus sequence, shown below is the sequence of the antibody produced by
the hybridoma 5166-2 antibody 5166-2, deposited as described herein. The DNA and amino
acid sequence of the heavy chain of the 5166-2 antibody is shown in SEQ ID NOs: 39 and
40, respectively. The DNA and amino acid sequence of the light chain of the 5166-2
antibody is shown in SEQ ID NOs: 41 and 42, respectively. The lcader sequence is shown
in Italic font; the sequences of CDR1, CDR2, CDR3 are shown in bold. The constant
regions FR1, FR2, FR3 and FR4 are shown in a regular font. 'The nucleic acid sequences of
5166-2 antibody Heavy chain CDR1, CDR2, CDR3 are sct forth in SEQ 1D NOs: 43, 44,
45, respectively. The corresponding amino acid sequences of 5166-2 antibody Heavy chain
CDRI, CDR2, CDR3 are set forth in SEQ ID NOs: 46, 47, 48, respectively. The nucleic
acid sequences of 5166-2 antibody Light chain CDR1, CDR2. CDR3 are set forth in SEQ

ID NOs: 49, 50, 51, respectively. The corresponding amino acid sequences of 5166-2
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antibody Light chain CDR1, CDR2, CDR3 are scl forth in SEQ 1D NOs: 52, 53, 54,

respectively.

SEQ ID NO: 39, 5166-2 Heavy chain: DNA sequence (411 bp)
Leader sequence-I'R1-CDR1-I'R2-CDR2-I'R3-CDR3-I'R4

ATGGCTTGGGTGTGGACCTTGCTATTCCTGATGGCAGCTGCCCAAAGTATCCAAGCACAGATCCAGT
TGGTGCAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTC
TGCTTATACCTTCACAGACTATTCAATGCACIGGGTGAAGCAGGCTCCAGGAAAGGGTITAAA
GTGGATGGGCTGGATAAACACTGAGACTGGTGAGCCAACATATGCAGGTGACTTCAAGGGA
CGGTTTGCCTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGATCAACAACCTCAAAAA
TGAGGACACGGCTACATATTTCTGTGTTAGAGCTGGTTACTACGACTACTTTGACTACTGGGG
CCAAGGCACCACTCTCACAGTCTCCTCA

SEQ ID NO: 40, 5166-2 Heavy chain: Amino acids sequence (137 AA)
Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

MAWVWTLLFLMAAAQSIQAQIQLVQSGPELKKPGET VKISCKASAYTFTDYSMHWVKQAPGKGLKW
MGWINTETGEPTYAGDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCVRAGYYDYFDYWGQGT
TLTVSS

SEQ ID NO: 41, 5166-2 Light chain: DNA sequence (381 bp)
Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

ATGGAGACACATTCTCAGGTCTTTGTATACATGTTGCTGTGGTTGTCTGGTGTTGAAGGAGACATTG
TGATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGGAGACAGGGTCAGCATCACCTGCAA
GGCCAGTCAGGATGTGGTTACTGCTGTAGCCTGGTATCAACAGAAACCAGGTCAATCTCCTA
AACTACTGATTTACTGGGCATCTAACCGGCACACTGGAGTCCCTGATCGCTTCACAGGCAGTG
GATCTGGGACAGATTTCACTCTCACCATTACCAATGTGCAGTCTGAAGACTTGGCAGATTATTTC
TGTCAGCAATATAGCAGCTATCCTCTCACGTTCGGAGGGGGGACCAAGCTGGAAATAAAA

SEQ ID NO: 42, 5166-2 Light chain: Amino acids sequence (127 AA)
Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-I'R4

METHSQVFVYMLLWLSGVEGDIVMTQSHKFMSTSVGDRVSITCKASQDVVYTAVAWYQQXPGQSPKL
LIYWASNRHTGVPDRFTGSGSGTDFTLTITNVQSEDLADYFCQQYSSYPLTFGGGTKLEIK

The consensus sequence, shown below is the sequence of the antibody produced by
the hybridoma 5166-9,antibody 5166-9, deposited as described herein. The DNA and amino
acid sequence of the heavy chain of the 5166-9 antibody is shown in SEQ ID NOs: 55 and
56, respectively. The DNA and amino acid sequence of the light chain of the 5166-9
antibody is shown in SEQ ID NOs: 57 and 58, respeclively. The leader sequence is shown
italic; the sequences of CDR1, CDR2, CDR3 are shown in bold. The constant regions PRI,
FR2, FR3 and FR4 are shown in a regular font. The nucleic acid sequences of the 5166-9
anlibody Heavy chain CDR1, CDR2, CDR3 of arc set forth in SEQ ID NOs: 59, 60, 61.
respectively. The corresponding amino acid sequences of the 5166-9 antibody Heavy chain
CDRI1, CDR2, CDR3 are set forth in SEQ ID NOs: 62, 63, 64, respectively. The nucleic
acid sequences of the 5166-9 antibody Light chain CDR1. CDR2. CDR3 of are set forth in
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SEQ ID NOs: 65, 66, 67, respectively. The corresponding amino acid sequences of the
5166-9 antibody Light chain CDR1, CDR2, CDR3 are set forth in SEQ ID NOs: 68, 69, 70,

respectively.

SEQ ID NO: 55, 5166-9 Heavy chain: DNA sequence (420 bp)
Leader sequence-IFR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

ATGAACTTIGGGGCTCAGCTTGATTTTCCITGTCCITGTITIAAAAGGTGTCCAGTGTGAAGTGAAGA
TGGTGGAGTCTGGGGGAGGCTTAGTGCAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAACCTCT
GGATTCACTTTCAGTGACTATTACATGTATTGGGTTCGCCAGACTCCAGAGAAGAGGCTGGAG
TGGGTCGCATACATTAGTAATGGTGGTGGTAGCACCTATTATCCAGACACTGTAAAGGGCCG
ATTCACCATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATGAGCCGTCTGAAGTCTG
AGGACACAGCCATGTATTACTGTGCAAGACAAGGGTATTACTACGGTAGTAGCCCCTTTGCTT
ACTGGGGCCAAGGGACTCTGGTCACTGTATCTGCA

SEQ ID NO: 56, 5166-9 Heavy chain: Amino acids sequence (140 AA)

Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
MNLGLSLIFLVLVLKGVQCEVKMVESGGGLVQPGGSLKLSCATSGFTFSDYYMYWVRQTPEKRLEW
VAYISNGGGSTYYPDTVKGRFTISRDNAKNTLYLQMSRLKSEDTAMYYCARQGYYYGSSPFAYWG
QGTLVTVYSA

SEQ ID NO: 57, 5166-9 Light chain: DNA sequence (381 bp)
Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

ATGGAGTCACAGATTCAGGTCTTTGTATT CGTGTTTCTCTGGTTGTCTGGTGTTGACGGAGACATTG
TGATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGGAGACAGGGTCAGCATCACCTGCAA
GGCCAGTCAGGATGTGAGTACTGCTGTAGCCTGGTATCAACAGAAACCAGGACAATCTCCTA
AACTATTGATTITACTCGGCATCCTACCGGTACACTGGAGTCCCTGATCGCTTCACTGGCAGTGG
ATCTGGCACGGATTICACTTTCACCATCAGCAGIGTGCAGGCTGAAGACCTCGCAGTITATTACT
GTCAGCAACATTATAGTACTCCGTACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAA

SEQ ID NO: 58, 5166-9 Light chain: Amino acids sequence (127 AA)
Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

MESQIQVFVFVFLWLSGVDGDIVMTQSHKFMSTSVGDRVSITCKASQDVSTAVAWYQQKPGQSPKL
LIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVYYCQQHYSTPYTFGGGTKLEIK

The consensus sequence, shown below is the sequence of the antibody 5159-1. The
DNA and amino acid sequence of the heavy chain of the 5159-1 antibody is shown in SEQ
ID NOs: 71 and 72, respectively. The DNA and amino acid sequence of the light chain of
the 5159-1 antibody is shown in SEQ ID NOs: 73 and 74, respectively. The Ieader scquence
is shown in italic font; the sequences of CDR1, CDR2, CDR3 are shown in hold font. The
conslant regions I'R 1, FR2, FR3 and FR4 are shown in a regular [ont.

The nucleic acid scquences of the 5159-1 antibody Heavy chain CDR1, CDR2,
CDR3 of are set forth in SEQ ID NOs: 75, 76, and 77, respectively. The corresponding
amino acid sequences of the 5159-1 antibody Heavy chain CDR1, CDR2. CDR3 are set
forth in SEQ 1D NOs: 78. 79, and 80). respectively. The nucleic acid sequences of the 5159-
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1 antibody Light chain CDR1, CDR2, CDR3 of are set forth in SEQ ID NOs: 81, 82, and
83, respectively. The corresponding amino acid sequences of the 5159-1 antibody Light

chain CDR1, CDR2, CDR3 are set forth in SEQ ID NOs 84, 85, and 86, respectively.

SEQ 1D NO 71, 5159-1 Heavy chain: DNA sequence (411 bp)

Ieader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
ATGGGCAGGCTTACTTCTTCATTCTTGCTACTGATTGTCCCTGCCTATGTCCTGGCCCAGG
TTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCCCTCCCAGACCCTCAATCTGACTTG
TTCTTTCTCTGGGTTTTCACTGAGTTCTTCTTATATGGGTGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGICTGGAGTGGCTGGCACACATTTGGTGGGATGATGTCAAGCGCTATAATC
CAGCCCTGAAGAGCCGACTGACAATCTCCAAGGATATCTCCAACAACCAGGTTTTCCTAAA
GATCGCCAGIGIGGACACTGCAGATTCTGCCACATATTATTGTGGTCGAATAGACAGACAC
TACTTTGACTACTGGGGCCAAGGCACCATICTCACGGTCICCTCC

SEQ ID NO: 72, 5159-1 Heavy chain: Amino acids sequence (137 AA)

Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
MGRLTSSFLLLIVPAYVLAQVTLKESGPGILQPSQTLNLTICSF SGFSLSSSYMGVGWIRQP
SGKGLEWLAHIWWDDVKRYNPALKSRLTISKDISNNQVFLKIASVDTADSATYYCGRIDRH
YFDYWGQGTILTVSS

SEQ ID NO 73, Light chain5159-1: DNA sequence (381 bp)
Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

ATGAGGACCCCTGCTCAGTTTCTTGGAATCTTGTTGCTCTGGTTTCCAGGTATCAAATGTG
ACATCAAGATGACCCAGTCTCCATCTTCCATATATGCATCTCTAGGAGAGAGAGTCACTAT
CACTTGCAAGGCGAGTCAGGACATTAATGGATATTTAACCTGGTTCCAGCAGAAACCAGGA
AAATCTCCTAAGACCCTGATCTATCGCGCAAACAGATTGTTAGATGGTGTCCCATCAAGGT
TCAGTGGCAGTGGATCTGGGCAAGATTATTICTCTCACCATCAGCAGCCTGGATTATGAAGA
TATGGGAATTTACTATTGTCTGCAGTATGATGAGTTTCCGTGGACGTTCGGTGGAGGCACC
AAACTGGAAATCAAA

SEQ ID NO 74, Light chain5159-1: Amino acids sequence (127 AA)

Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
MRTPAQFLGILLLWFPGIKCDIKMTQSPSSIYASLGERVIITCKASQDINGYLTWFQQKPG
KSPKTLIYRANRLLDGVPSRFSGSGSGQDYSLTISSLDYEDMGIYYCLQYDEFPWTFGGGT

KLEIK
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The consensus sequence shown below is the sequence of the antibody 5159-2. The
DNA and amino acid sequence of the heavy chain of the 5159-2 antibody is shown in SEQ
ID NOs: 87 and 88, respeclively. The DNA and amino acid sequence of the light chain of
the 5159-2 antibody is shown in SEQ ID NOs: 89 and 90, respectively. The leader sequence
is shown in italic font; the sequences of CDR1, CDR2, CDR3 are shown in bold fon. The
constant regions FR1, FR2, FR3 and FR4 are shown in a regular font.

The nucleic acid sequences of the 5159-2 antibody Heavy chain CDR1, CDR2,
CDR3 of are set forth in SEQ ID NOs: 91, 92, and 93, respectively. The corresponding
amino acid sequences of the 5159-1 antibody Heavy chain CDR1, CDR2, CDR3 are set
lorth in SEQ ID NOs: 94, 95, and 96, respectively. The nucleic acid sequences of the 5159-
2 antibody Light chain CDR1, CDR2, CDR3 of are sct forth in SEQ ID NOs: 97, 98, and
99, respectively. The corresponding amino acid sequences of the 5159-2 antibody Light

chain CDR1, CDR2, CDR3 are sct forth in SEQ ID NOs 100, 101, and 102, respectively.

SEQ ID NO 87, Heavy chain 5159-2: DNA sequence (411 bp)

Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
ATGGGCAGGCTTACTTCTTCATTCCTGCTACTGATTGTCCCTGCATATGTCCTGTCCCAGG
TTACTCTGAAAGAGTCTGACCCTGGGATATTGCAGCCCTCCCAGACCCTCAGTCTGACTTG
TTCTTTCTCTGGGTTTTCACTGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCA
TCAGGGAAGGGTCTGGAATGGCTGGCACACATTTGGTGGGATGATGTCAAGCGCTATAACT
CAGCCCTGAAGAACCGACTGACTATCTCCAAGGATACCTCCAGCAGCCAGGTATTCCTCAA
GATCGCCAATGTGGACACTGCAGATACTGCCACATACTACTGTGCTCGAATAGCCCGGCAC
TTCTTTGACTACTGGGGCCAAGGCACCACTCTCACAGICTCCICA

SEQ ID NO 88, Heavy chain5159-2: Amino acids sequence (137 AA)

Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
MGRLTSSFLLLIVPAYVLSQVTLKESDPGILQPSQTLSLTCSFSGFSLSTSGMGVGWIRQP
SGKGLEWLAHIWWDDVKRYNSALKNRLTISKDTSSSQVFLKIANVDTADTATYYCARIARH
FFDYWGQGTTLTVSS

SEQ ID NO 89, Light chain 5159-2: DNA sequence (381 bp)
Leader sequence-l'R1-CDR1-I'R2-CDR2-I'R3-CDR3-I'R4

ATGAGGACCCCTGCTCAGTTICTTGGAATCTIGTTIGCTCTGGTTTCCAGGTATCAAATGTG
ACATCAAGATGACCCAGTCTCCATCTTCCATGTATGCATCTCTGGGAGAGAGAGTCACTAT
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CACTTGCAAGGCGAGTCAGGACATTCATGGCTATTTAAGCTGGTTCCACCAGAAACCCGTG
AAATCTCCTAAGACCCTGATCTATCGTGCAAACAGATTGATAGATGGGGTCCCATCAAGGT
TCAGTGGCAGTGGATCTGGGCAAGATTATTTTCTCACCATCAGCAGCCTGGAGTATGAAGA
TATGGGAATTTATTATTGTCTACAGTATGATGAGTTTCCGTGGACGTTCGGTGGAGGCACC

AAGCTGGAAATCAAA

SEQ ID NO 90, Light chain5159-2: Amino acids sequence (127 AA)

Leader sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
MRTPAQFLGILLLWFPGIKCDIKMTQSPSSMYASLGERVIITCKASQDIHGYLSWEHQKPV
KSPKTLIYRANRLIDGVPSRFSGSGSGODYFLTISSLEYEDMGIYYCLOQYDEFPWTEFGGGT

KLEIK

EXAMPLE 6: CHARACTERIZATION OF MONOCLONAL ANTI ClORF32
ANTIBODY USING STABLE POOL RECOMBINANT CELLS EXPRESSING C10RF32

A. WESTERN BI.OT ANALYSIS OF RECOMBINANT CELILS EXPRESSING
C10RF32 USING ANTI C10RI32 MABs 5159

Antibody-Protein interaction was observed upon western blot analysis on whole cell
lysates from HEK-293T (ATCC. CRL-11268) cells transfected with CIORF32 pIRESpuro
constructs or with emply vector (pIRLES-puro3 negative control). 25ul of 4X NuPAGLE®
LDS sample buffer (Invitrogen, catalog number: NPOOO7) was added to 30 ug whole cell

lysates and proceeded as described Example 4., herein.

Figurc 4 demonstrates Weslern blot analysis of whole ccell lysates of HEK293T pool
transfected with empty vector (lane 1), human-C10RF32 (lane 2) (SEQ 1D NO: 1), human-
C10RIB2-HIA tagged (SCQ 1D NO:22)(lane 3), chimeric mouse-human-C1ORI32 (SCEQ
ID NO: 8)(lane 4), mouse-C 10RF32-Flag tagged (SEQ ID NO: 21)(lane 5), using purified
anti C10RF32 monoclonal Antibody 5159-1 (2ug/ml). Specific band corresponding (o
~30kDa for human-CIORF32 (lanc 2) and human- C1ORF32-HA tagged (lane 3) was
detected as opposed to whole cell extract of stable HEK293T pool transfected with pIRES-
puro3 empty vector (lane 1). Low signal was observed in the mutated CIORF32 (lane 4).

and no signal was detected in the mouse- C1ORF32 translected cells.
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B. FACS ANALYSIS OF RECOMBINANT CELLS EXPRESSING C10RF32
USING ANTI C10RF32 MABs 5159

Flow Cytometry analysis was performed to verify the mAbs binding to native cell
surfaced C10RF32 protein (SEQ ID NO: 1) in stable transfected cells described above.
Detection was performed using monoclonal antibodies specific to CIORF32: 5159-1, 5159-
2, 5159-3. Anti-Cephalosporin served as ncgative control (SLRC,CH2025P). Recombinant
HEK293T cells expressing C1ORF32 proteins, i.e.human C10RF32 (SEQ ID NO:1),
chimeric human-mouse C10RF32 (SEQ ID NO:8) and mouse C10RF32 —Flag tagged
(SEQ ID NO:21) were stained with anti C1ORF32 antibodies or anti-Cephalosporin
followed by Donkey Anti Mouse-DyLight 549 conjugated secondary Ab (Jackson 715-506-
150) as described in Example 6, herein. Fluorescent signal was observed. The results are
presented in Figure 5.
ligure 5 demonstrates membrane expression of the various C10RI?32 proteins using mouse
monoclonal anti C1ORF32 antibodies (20ug/ml) as compared to non-relevant 1gG control
anti Cephalosporin, followed by Donkey Anti mouse 1gG DyLight 549 conjugated
secondary Ab diluted 1:250. Figure 5A refers to empty vector transfected cells; Figure 5B
refers to human-C10RF32 transfected cells (SEQ ID NO:1), Figure 5C refers to human-
CI1ORF32-HA tagged transfected cells (SEQ ID NO: 22); Figure 5D refers to chimeric
human-mousc C1ORF32 transfected cells (SEQ 1D NO:8), Figurc SE rcfers to mousc
CIORF32 —Flag tagged transfected cells (SEQ 1D NO: 21).

In addition, Flow Cytometry analysis was performed on recombinant CHO-K1 cells
expressing human C1ORF32 protein (SEQ ID NO: 1), as compared 1o CHO-Klcells
transfected with empty pIRESpuro3 vector. Monoclonal anti C10RF32 antibody 5159-1
diluted to 2ug/ml incubated with cells for 1hr on ice.followed by Goat Anti Mouse-Alexa
Fluor 488 conjugated secondary Ab (Invitrogen A11001), diluted 1:100. Mouse anli-
Cephalosporin served as negative control. Fluorescent signal was observed. The results are

presented in Figure 6.

Figure 6 demonstrates Flow Cytometry Analysis of monoclonal 5159-1 anti
CIORF32 antibody binding to CIORF32 protein, in CHO-KI(ATCC, CCL-61) cells
expressing human C1ORI32 protein (SEQ ID NO: 1), as compared 10 CHO-K1 cells.

EXAMPLE 7: FACS ANALYSIS OF MABs 5166 BINDING TO CELL SURFACE
C10ORF32 PROTEIN
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To verify the MABs binding to native cell-surfaced C1ORF32 protein (SEQ 1D
NO:1) in stable transfection described above, Flow Cytometry analysis performed, using
anti C10RF32 monoclonal antibodies 5166-2, and 5166-9. Anti-Cephalosporin (Silver
Lake, CH2025P) and Normal Mouse Serum (Jackson,cat 015-000-120) were used as

negative controls.

Recombinant CHO-K1cells expressing C1ORF32 (SEQ ID NO: 1) werc stained by
MABs to C10RF32 5166 or by anti-Cephalosporin followed by Goat Anti Mouse-Alexa
Fluor 488 (Invitrogen A11001) secondary Ab diluted 1:100 and were observed for the

presence of fluorescent signal.

Recombinant CHO-K1 human CIORF32 (SEQ ID NO: 1) cells were treated as
described in section “Stable pool characterization C10RF32 by FACS analysis using anti

C10RF32 MABs 5159”). The results are presented in Figure 7.

Figure 7 demonstrales binding of monoclonal anti C10RF32 antibodies 5166-2 (left)
and 5166-9 (right) to human C1ORF32 protein, in CHO-K1 recombinant cells expressing
C10ORF32 human protein as compared (o CHO-K1 stable pools. Mouse Anti-Cephalosporin

was used as a negative control.

EXAMPLE 8: IMMUNOHISTOCHEMISTRY (IHC) STUDIES USING ANTI-CIORF32
POLY CILLONAIL ANTIBODY R1 (R7531)

To assess the tissue binding profiles of R1 (R7531) anti-C1ORF32, the antibody was
cxamined in a pancl of normal (non-ncoplastic) human tissucs. and on a pancl of tumor
tissues. HEK-293 cells transfected with C1ORF32 were used as a positive control and for
calibration of thc pAb for staining. Rabbit scrum IgG was uscd as isotypc control

antibodies.

Affinity purified anti C1ORI32 antibody R1 (R7531) described above was used as
the primary antibody and the principal detection system consisted of a Vector anli-rabbit
secondary (BA-1000) and a Vector ABC-AP kit (AK-5000) with a Vector Red substrale kit
(SK-5100), which was used to produce a fuchsia-coloured deposil. The negative conlrol
consisted of performing the entire immunohistochemistry procedurc on adjacent scctions in
the absence of primary antibody. Human formaline [ixed paraffin embedded tissue were

purcheced from either (Biomax Inc., or Asterand plc). The slides were interpreted by a
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pathologist and each antibody was evaluated for the presence of specific signal and level of
background. Staining intensity was recorded on a 0-4 scale (O=negative, 1=blush, 2=faint,
3=moderate, 4=strong). Slides were imaged with a DVC 1310C digital camera coupled to a
Nikon E400 microscope. At a concentration of 1.25 pg/ml, Antibody R7531 showed
moderate staining in the positive transfected control cell line and the empty vector negative

control cells were negative.

Table 1 presents a summary of the results, describing the neoplastic tissues that
showed moderate to strong staining in the majority of cells from the antibody. As can be
scen from Table 1, the following tumors demonstrate moderale to strong expression of
CIORF32: Hepatocellular carcinomas (stage II and III), kidney chromophobe adenomas,
pancrcatic islct cell carcinomas, malignant melanomas (stage 1V), osteogenic sarcomas,
chondrosarcomas, leiomyosarcomas, transitional cell carcinomas of the baldder (stage 1T to
1V) and Ilodgkin's lymphomas. Weak to moderate to moderate staining was also observed
in B- and T-cell lymphomas, breast carcinomas (Invasive ductal carcinoma stage Tla, ITb to
I1IIb) papillary thyroid carcinomas (stage II), ovarian serous and mucinous carcinomas
(stages Ic to IIIb), ovarian granular cell tumours, renal clear cell carcinomas (stage I to IT)
and carcinoma sarcomatoides, prostate adenocarcinomas (stage 1 to III), hepatic
cholangiocarcinomas, pancreatic ductal and mucinous adenocarcinomas, skin squamous
carcinomas, scminomas of the (estis, rhabdomyosarcomas, angiosarcomas and ulcrine
endometrioid adenocarcinomas. 'I'wo of two spinal cord tumours also showed moderate
staining. Cells that showed staining may therefore be assumed to be potential targets of the

antibodies described herein.

Table 1: Summary of the Cancer Tissue Microarray IHC:

Number of Number of Number of
samples sumples with camples \;'lh HC
Cancer Array with ITHC THC Score | oompies Wi I
Score TEAIT Score moderale to
ncgative modcrate strong
Kidney, Chromophobe 0 0 3
adenoma
Liver, Hepatocellular
carcinoma (stage II and 0 0 3
I11) u
D S AQ el cp
I ancreas, Islet cell 0 0 3
carcinoma
Skin, Malignant 0 0 3
melanoma (stage 1V)
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Bone, Chondrosarcoma 0 0 3
§oft Tissue, 0 0 3
Leiomyosarcoma
Lymph node, Hodgkin's 0 0 3
lymphoma
Bladder, Transitional Cell
carcinoma (stage II and 0 0 3
V)
Ovary, Papillary Serous
and Mucinous (stages lc, 0 3 2
IIIb, 111b)
Pancreas, Ductal and
Mucinous 1 3 2
Adenocarcinonma
Skin, Sguamous 0 1 5
carcinoma
Bone, Osleogenic sarcoma 0 0 2
Sof.t Tissue, 0 1 )
Angiosarcoma
Lymph node, T-cell 0
, 1 2
Lymphoma
Spinal cord tumour 0 0 2
~ Uterus, Endometroid i
Adenocarcinoma (stages 1, 0 1 2
ITa, II1¢)
Kidney, Clear cell 0 5 |
carcinoma (stage I and T1)
Kidney, Carc'1>noma 0 ) 1
sarcomatoides
Testis, Seminoma 0 2 1
Soft tissuc,
Rhabdomyosarcoma L 2 :
Lymph node, B-ccell 0 9 1
Lymphoma
Follicular and papillary
thyroid carcinomas (stage 1 5 0
11 and I1T)
Breast carcinoma
(Invasive ductal
carcinoma stage Ila, Ilb, 0 3 B
- 111b

Within peripheral tissues (1 specimen per tissue), moderate to strong slaining was
observed in endometrial glands, subsets of macrophages and subsets ol cells within the

islets of Langerhans. Moderate staining was observed in breast epithelium, plasma cclls,
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Kupfler cells, Leydig cells of the testis, mast cells, placental trophoblasts, chondrocytes,

occasional endothelia lining vessels and endometrial stromal cells.

An IHC study specific for normal lymph nodes was also caried out on a lymphatic
tissuc array, which consistcd of 48 cores of formalin-fixed human lymph nodes from a
variety of locations within the body. C1IORF32 pAb was used at a concentration of 1.25
ng/ml. C1ORF32 showed faint staining in 9 of 48 and faint or faint to moderate staining of
lymphocytes within 39 of 48 normal lymph node samples. Three normal lymph node
samples were also contained in the tumour array and these samples showed blush to faint
staining within lymphocytes. In addition to lymphocytes, plasma cells and occasional

macrophages and endothelial cells also showed staining.

IMMUNOHBISTOCHEMISTRY (THC) ANALYSIS ON TOP4 CANCER TMA

The  anti-C10RI'32  rabbit  polyclonal antibody was calibrated by
immunohistochemistry in FFPE sections of the positive control cell line. Sections were
incubated at 0.3pg/ml following de-waxing, rehydration and antigen retrieval in Flex+ 3-in-
1 pH9.0 antigen retrieval solution in a PT link apparatus. Bound antibodies were detected
using DAKO Envision Flex+ detection reagents. The antibody detected specific signal in
the positive control cell line sample tested.

Following calibration of optimal conditions, the anti CIORF32 pAb was tested on a
human cancer tissue microarray (Asterand’s “l'op4’ TMA™). Overall, CIORF32 protein
was expressed in several of the tumors studied. The tumor type most consistent exhibiting
CIORF32-immune reactivity was prostate adenocarcinoma where all samples appeared
posilive (see Table 2).

Wilthin the breast tumour set, the intensity of staining was low (1+) with only three
tumors scoring 2+ (poorly dilferentiated infiltrating ductal carcinoma (IDC), grade 3 IDC
and comedocarcinoma). 3 breast cancer samples in which epithelial cells were largely
negalive showed positive staining in immune infiltrating cells (Infiltrating Ductal
Carcinoma Grade 2 and 3, Medullary Carcinoma Grade 2). Within the large bowel set, all
tumors were adenocarcinomas and low immunoreactivily was seen in all tumors analyzed.
Five samples had immunoreactivily of 2+ (indicating that they were Moderate to Poorly
Dillerentiated). In the lung wmors set, two of the tumors were strongly immunoreactive
wilh a score of 2+ and both were poorly o moderately differentiated either of Squamous
cell carcinoma or Large cell carcinoma histology. One lung tumor core appeared to be
>50% immunorcactive at an inlensity of 1+, The normal lung samples were positive in at
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least one core from each of all donors sampled. One sample of lung squamous cell
carcinoma moderately differentiated in which the tumor was negative for C1ORF32
reaclivity had moderate staining infiltrating immune cells. In the prostate tumors, a higher
level of immunoreactivity was recorded. From a cohort of 26 prostate adenocarcinomas, all
tumors appeared to be C1ORIF32 immunoreactive in this study, with the majority scoring
+1. Two tumors recorded a 3+ score (Gleason scores 6 and 7) and six tumors (Gleason
scores 5, 6 and 7) scored 2+. Within the normal prostate samples staining was seen in the

glandular epithelium.

Table 2 — expression of prostate samples in the TOP4 tissue array.

CoreTissue IR score and % tumour stained IR score Max IHC score
Normal 0
Normal 1
Normal 1
Normal 2

Adenocarcinoma Adenocarcinoma Gleason Score 3+4=7 1 )
Adenocarcinoma Adenocarcinoma: Gleason Score 3+3=6 R 1
Adenocarcinoma Benign prostatic hyperplasia (BPH): 1
Gleason Score 3+4=7
Adenocarcinoma Adenocarcinoma: Gleason Score 2+3=5 2
Adenocarcinoma Adenocarcinoma: Gleason Score 3+3=6 1
Adenocarcinoma Adenocarcinoma: Gleason Score 4+3=7 1
Adenocarcinoma Adenocarcinoma: Gleason Score 4+5=9 1
Adenocarcinoma Adenocarcinoma 1
~ Adenocarcinoma Adenocarcinoma: Gleason Score 2+3=5 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+3=6 1
Adenocarcinoma Adenocarcinoma: Gleason Score 4+4=8 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 2
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 1
Adenocarcinoma Adenacarcinoma: Gleason Score 3+4=7 3
P — High gradg prostatic intraepithelial 5
neoplasia: Gleason Score 3+4=7
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 2
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 2
Adenocarcinoma Adenocarcinoma 1
Adenocarcinoma Adenocarcinoma: Gleason Score 3+4=7 2
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Adenocarcinoma Adenocarcinoma: Gleason Score 3+3=6

Adenocarcinoma Adenocarcinoma: Gleason Score 3+3=6

Adenocarcinoma Adenocarcinoma: Gleason Score 3+3=6 1

EXPRESSION OF C10RF32 IN PROSTATE TUMORS FULL SECTIONS AND
IMMUNE INFILTRATING CELLS

10 prostate cancer paraffin-embedded sections were deparaffinized and stained
following antigen retrieval. For antigen retrieval and staining Ventana Ulira IHC/ISH
system was used according to manulacture protocols. Prolease relrieval was used [or anti
C10RI'32 pAb (Part Number 760-2018), anti CD68 KP-1 Mouse Monoclonal was
purchased lor Venlana and standard retrieval protocol was used (CC1 module, Ventana),
Giemsa Stain was purchased from Ventana (cat. 860-006). At least a faint staining was
observed in all samples stained with the anti C1ORF32 pAb. Six tumors had a score of +1,
and 4 tumors had a score of +2. A subset of immune infilirating cells, which were identified
morphologically as macrophages and mast cells, were also positive for C10RF32
immunorecactivity. The nature of these cells was further confirmed using an anti-CD68
antibody for macrophages and Giemsa Stain for mast cells. More over evaluating
morphologically the various TMA data obtained positive immune infiltrating cells were
observed also in breast cancer, small cell lung cancer (stage 1, I1, I1la and IIIb) (Figure 8)
and non small cell lung cancer, colo-rectal cancer (stage IIT). All these cancers had low to
negative staining in cancer cells, but the positive immunoreactivity of C1IORF32 in the
immune infiltrating cells indicates potential anti cancer therapy by stimulation of the
immune system and hence also indicates that these cell types may optionally be targets for

antibody therapy as described herein.

EXAMPLE 9: EITFECT OF CIORIF32 EXPRESSED ON 11I'K 293T CELLS ON
ACTIVATION OF JURKAT T CELLS

In order (o [urther evaluate the inhibitory effect of CTORF32 protein (SEQ 1D NO: 1)
in its membrane form on T cell activation, co-cullure assays of HEK 293T cells over
cxpressing C1ORF32 was used (cxpression was verified by flow cytometry using both
polyclonal and monoclonal antibodies against the ectodomain of C1ORF32) or transfected
with the vector only (pRp3) as negative control, and primary CD4+ murine T cells or Jurkat
T cells, activated in the presence of plate-bound anti-CD3 antibodies. The experimental

setting is depicted in Figure 9.
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HEK 293T cells overexpressing C1ORIF32 protein_were produced as described in
Example 3 herein.
a) Anti-CD3 mediated activation of Jurkat T cells as measured by CD69 expression.
Day 1:

5 1. Anti-CD3 (Clone OKT?3, eBioscience; cat# 16-0037-85 or clone UCHTI1, BD
Bioscience; cat# 555329) diluted in 1XPBS was immobilized on 96-well plate in
75ul/well at the indicated concentrations

2. Plates were wrapped wilh para(ilm and incubated at 4°C O.N. (overnight)
3. HEK 293T_pRp and HEK 293T cell pools ectopically expressing C1ORF32
10 protein (SEQ ID NO: 1) were seeded al a concentration of 12X10° cells per T75
plate and cultured in DMEM medium supplemented with 10% FBS, L-glutamine,

penicillin, and streptomycin in a humidified incubator O.N.

Day 2:
1. Wells coated with anti-CD3 were washed X3 with 200 pl of X1 PBS. Fluid was
15 decanted in a sterile environment. After the last wash, plate was blotted on a sterile
absorbent paper to remove any residual fluid.
2. HEK 293T cells, seeded the day before, were treated with mitomycin C (Sigma,
M4287): 900 pl of a 0.5 mg/ml solution freshly prepared in H20 were added
directly to 8.1 ml of growth medium, (o obtain a final concentration of 50ug/ml.
20 Cells were incubated with mitomycin C for 1 hour at 37°C.
3. Mitomycin C trealed HEK 293T cells were washed X3 with 10 ml of 1XPBS and
removed by addition of 2 ml of cell dissociation buffer (Gibco; Cat. 13151-014).
4. Detached HEK 293T cells were re-suspended in 8 ml of RPMI supplemented with
10% FBS, L-glutamine, penicillin, and streptomycin (Jurkat cells' growth medium).
25 5. Cells were counted using a Beckman coulter counter and diluted (o 0.5X10° cells per
ml.
6. Cells were serially diluted and sceded at the indicated concentrations in 100 pl of
RPMI Jurkat cells’ growth medium (described above) per well.
7. HEK 293T cells were incubated for 2 hours to allow attachment.
30 8. 50,000 Jurkal cells (ATCC, clone E6-1, TIB-152. derived from human T cell
leukemia) were added to cach well at a votume of 100wl per well in RPMI Jurkat
cells” growth medium, in the absence or presence of 2 pg/ml soluble anti C1)23

(Clonc CD28.2. cBioscicnee. cat#16-0289-85).
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9. Cells were co-cultured in a humidified incubator O.N,

Day 3:

1. Cells were transferred to U-shape plates, centrifuged 5 minutes at 1500 rpm, 4°C,
and supernatant was decanted.

2. Anti-CD69 Ab (Biolegend, PE-anti human CDG9, clone FN50, cat#3 10906,
10pg/ml, 2pl/well) and Fe-blocker (Miltenyi Biotec, human IFicR blocking reagent,
cat#120000-442, 1ul/well) were diluted in ice-cold FACS buffer (1X PBS + 0.5%
BSA + 2 mM EDTA + 0.05% azide) and added in a final volume of 50 pl per well.
The wells contents were mixed gently by pipetting (without making air bubbles).

4. Dlates were incubated on ice for 30 minutes.

5. Cells were washed once wilh 200 pl of FACS buffer and the plates were centrifuged
5 min at 1500 rpm, 4°C. Sup was discarded by decanting.

6. Cells were resuspended in 200 pl of FACS bufler and translerred (o FACS tubes
filled with additional 100 pl FACS buffer.

7. Jurkal cells were analyzed by [low cytomelry for cell surface expression of CD69
(Mean Fluorescence Intensity (MITT)). Jurkat cells were gated according to I'orward
Scatter (FSC) vs. Side Scatter (SSC). Galing procedure was validated by staining the
cclls with anti-CD2 antibody (Biolegend; clonec RPA-2.10, Cat. 300206) in order to
identify the 1" cells.

Inhibition of anti CD3 mediated activation ol Jurkal T cells as measured by CD6Y
cxpression.

The effect of the CIORF32 (SEQ ID NO: 1 expressed on the cell membrane on T cell
activation was evaluated using HEK 293T cells transfected with the C10RF32 (SEQ ID
NO: 1) that were co-cultured with Jurkat ' cells activated by plate-bound anti-CD3
antibodics. HEK 293T cells transfected with the vector only (pRp3) were used as a ncgative
control.

Representative results, shown in Figures 10 and 11, indicate that Jurkat T cells
stimulatcd with (wo different anti-CD3 clones (OK'T2 and UCHT]I, respectively) in the
presence of HEK 2931/C1ORF32 cells exhibiled reduced activation, as manifested by the
decreased level of CDG6Y, an early marker of T cell aclivation. As shown in Figure 12,
similar results were obtained when Jurkat cells were activated by a combination of anti-CD3
antibodies together with anti-CID28 antibodies. A significant inhibition ol Jurkat cells

aclivation can be seen even after 7.5 hours ol co-culturing (Ifigure 13).
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Figure 10 shows that CIORF32 (SEQ ID NO: 1) expressed on HEK 293T cells
inhibits Jurkat cells activation. 25K (Figure 10A) or 50K (Figure 10B) cells of HEK 293T
cells expressing CIORF32 or the pRp vector were seeded in wells pre-coated with 0.1 or
0.25 pg/ml of anti-CD3 (OKT3 clone). Jurkat cells (50K per well) were added 2 hours later
and the cells were incubated O.N. Cells were analyzed for the expression of CDG6Y by flow
cytometry. AMFI values of CD69 arc shown in (Figurc 10C).

Figure 11 shows that CIORF32 (SEQ ID NO: 1) expressed on HEK 293T cells
inhibits Jurkat cells activated with anti CD3-UCHT clone. 25K (Figure 11A) or 50K (Figure
11B) cells of HEK 293T cells expressing CIORF32 (SEQ ID NO: 1) or the pRp vector
were sceded in wells pre-coated with 2 or 4 pg/ml of anti-CD3 (UCHT?1 clone). Jurkat cells
(50K per well) were added 2 hours later and the cells were incubated O.N. Cells were
analyzed for the expression of CD69 by flow cytometry. AMFI values of CD69 are shown
in (Figure 11C).

Figure 12 shows that CIORF32 (SEQ ID NO: 1) expressed on HEK 293T celis
inhibits Jurkat cells activated with anti CD3 and anti CD28. Jurkat cells activated by plate
bound anti CD3 (0.1 or 0.25 pg/ml) (Figure 12A) or plate bound anti CD3 (0.1 or 0.25
pg/ml) plus soluble anti CD28 (Figure 12B) were incubated O.N and analyzed for the
expression of CD69 by flow cytometry. (Figure 12C) HEK 293T cells expressing C1ORF32
(SEQ ID NO: 1) or the pRp vector were seeded at concentrations of 25, 50 or 100K per
well. in wells coated with 0.1 or 0.25 of anti-CD3 (OKT clone). 50K Jurkat cells were
added 2 hours later and the cells were incubaled O.N. Jurkat cells were analyzed for the
expression of CD6Y by flow cytometry. AME] values are shown. (Figure 12D) HEK 2931
cells expressing CIORF32 (SEQ ID NO: 1) or the pRp vector were seeded at concentrations
of 50K per well, in wells coated with 0.1 or 0.25 of anti-CD3 (OK'I' clone). SOK Jurkal cells
were added 2 hours later with or without 2 pg/ml of soluble anti CD28, and the cclls were
incubated O.N. Jurkat cells were analyzed for the expression of CD6Y by [low cylomelry.
AMFI values are shown.

Figure 13 shows that CIORF32 (SEQ ID NO: 1) expressed on HEK 293T cells
inhibits Jurkat cells activation. 25K (Figures 13A, C) or SOK (Figures 13 B, D) of HEK
2937 cells expressing CTORF32 (SEQ ID NO: 1) or the pRp vector were seeded in wells
coated with 0.5, 1 or 2 ug/ml of anti-CD3 (OKT clone). S0K Jurkat cells were added 2
hours later and the cells were co-incubated for 7.5 hours (Figures 13 A, B) or overnighl
(Figures 13 C. D). Cells were analyzed [or the expression of CD69 by flow cytomeltry.
AMFT values of CDG6Y arc shown.
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CIORF32 (SEQ ID NO: 1) expressed on the membrane of HEK 293T cells inhibit T
cell activation. The highest inhibitory effect was observed using a matrix of two
concentrations of anti-CD3 (OKT clone, 0.25-1 ug/ml or UCHT1 clone, 2-4 pg/ml) and two
concentrations of HEK 293T cells (25,000 or 50,000 cells per well). Inhibition of T cell
activation was observed after over night incubation, and even after 7.5 hours of incubation.
These results indicate that, similarly to the Fc fused form of the extracellular domain of the
C1ORF32 protein, the native membrane protein expressed on the cell surface also has
[unctional inhibitory aclivily and thus may serve as a larget for (herapeutic anlagonislic
monoclonal Abs suitable for anti-cancer therapy. These results are in agreement with other
lindings, indicaling that eclopic expression of membrane C1ORF32 protein in “T cell

stimulator” BW-5147 cells inhibits human T cell proliferation, as described below herein.

EXAMPLE 10: C10RF32 EXPRESSED ON HEK-293 CELLS MEMBRANE
SUPPRESSES MOUSE CD4 T CELLS

In order (o confirm the inhibitory activity of the C1ORF32 protein on mouse T cells,
the CIORF32 protein (SEQ ID NO: 1) was ectopically expressed on HEK-293 cells, as
described in in Example 3 herein. Expression vector coding for human C10RF32 (SEQ ID
NO: 1) or cmpty vecior were used. Cell membrane expression of CIORF32 in the
transfeclants was vahidated by FACS analysis using specific anti-C10RF32 polyclonal Ab
{data not shown). An inhibitory effect of CIORF32 expressed on 1IEK-293 was evident
using CFSE labeled mouse CD4+ T cells activated with plate bound anti-CD3 (Figure 15).
As shown in figure 15, the inhibitory effect was higher when there were more [IHK-293

cells per given number of T cells (ie. 1:2 vs. 1:4 HEK-293:CD4).

Figure 15 shows thal ectopic expression of CIORF32 (SEQ ID NO: 1) suppresses
mousc CD4 T cell divisions upon TCR stimulation. Figure 15A presents results of Mousc
CD4+CD25- T cells (1x107) that were labeled with CFSE and stimulated with plate-bound
anti-CD3 (0.5pg/ml) in the presence of HEK-293 transfectants expressing C1ORF32 or
cmpty veclor at 1:4 or 1:2 HEK-293:CD4 ratio. On day 4, cclls were harvested, and
andlyzed by {low cylomelry. Percentages reler 1o fraction of cells that have divided more
than (wice. Figure 15B presents histograms indicaling the percentage (mean+SD) of cells

that have divided more than twice (*P value<0.05, P value<0.001, student’s T test).
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EXAMPLE 11: THE FUNCTIONAL ROLE OF ClORF32 IN HUMAN T CELL
RESPONSES
The aim of this study was to evaluate the functional role of CIORF32 during the

activation of human T cells using T cell stimulator cells expressing C10RF32.
Generation and characterization of expression constructs encoding C10RI32

cDNAs (Codon-optimized for expression in murine cells, SEQ 1D NO: 31 and SEQ
ID NO: 32) of the CIORF32 proteins (SEQ ID NO: 17 and SEQ ID NO: 1, respectively)
were gene-synthesized and directonally cloned into retroviral veclors via Sfi-I sites.

Bicistronic and monocistronic expression constructs encoding full length CIORF32
proleins SEQ ID NO: 17 and SEQ ID NO: 1 were generaled in pMIGII and pCIK2 vectors,
respectively. The constructs were validated by agarose gel electrophoresis and were
expressed in Bw5147 cells displaying high levels of membrane bound anti-CD3 antibody
(Bw-3/2) (“mb-anti-CD3high stimulator cclls” (Leitner, J., W. Et al.,. 2010. J. Immunol.
Methods. 362: 131-141.)). For control purposes, Bw5147 cells were transduced with an
“empty” vector, pCJK2, for monocistronic expression, or pMIGIL, for bistronic expression.
In addition, Bw-3/2 cells expressing activating costimulatory molecules (ICOSL and
CD70), Bw-3/2-cells expressing B7-H3 driven from a monocistronic pPBMN-B7-H3 = “B7-
H3” and a bi-cistronic veclor pMIGII-B7-H3, and B7-H1 (PD-L1) were generated as
negative costimulatory/coinhibitory molecules. Experiments with ICOSI., CD70 or B7-H3
expressing stimulator cells have been described previously (Pfistershammer, K., C. Et al.,
2006. Eur. J. Immunol. 36: 1104-1113; Kober, 1., et al., 2008. Eur. J. Immunol. 38: 2678-
2688: Leitner. J., W. Bt al. 2010. J. Immunol. Methods. 362: 131-141.) The presence and
expression of the bi-cistronic constructs was confirmed by FACS-analysis for GEFP.
Homogenously high expression of the stimulating membrane-bound anti-CD3 antibody was
confirmed by FACS using a DyLight-649 anti-mouse IgG (H+L) antibody that reacts with
the murine single chain antibody expressed on the stimulator cells. I'rom previous
experiments with other molecules (e.g. B7-H3) a much higher surface expression can he
expected with monocistronic retroviral expression. High transcription level of expression of
the monocistronic constructs in the respective stimulator cells was confirmed by qRT-PCR
using primer-pairs SIEQ 1D NOs: 35-36 and 35-37, generated with the primer3 program. The
expression of SEQ 1D NO: 17 and SEQ ID NO: 1, which have an identical extracellular
domain, was examined using a specific polyclonal Ab. FACS analysis using this pAb
showed very weak membrane cxpression in cells bearing SEQ 1D NO: 17, while SEQ ID

NO: 1 showed a robust expression (Iigure 16).
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T cells

The use of human blood from volunteer donors for the experiments carried out
within this project was approved by the ethics committee of the Medical University of
Vienna (EK Nr.: 865/2011). T cells were purified from buffy coats or heparinised blood
derived from healthy volunteer donors and the mononuclear fraction was obtained by
standard density centrifugation using Ficoll-Paque (GE-Healthcare). Bulk human T cells
were obtained through MACS-depletion of CD11b, CD14, CD16, CD19, CD33 and MHC-
class II-bearing cells with the respective biotinylated mAb in conjunction with paramagnetic
streptavidin beads (Leitner, J., et al., 2009. Eur. J. Immunol. 39: 1754-1764.) Purified CD8
T cells and CD4 T cells were obtained by addition of biotinylated CD4 and CD8 mAb to the
pools. Naive CD4 T cells were isolated using the Naive CD4+T cell Isolation Kit II from
Miltenyi Biotec. Following isolation, cells were analyzed for purify by FACS analysis, and

samples with sufficient purity (>90%) were used for the experiments.

T cell stimulation experiments with stimulator cells expressing C10RF32 molecules and
control stimulator cells

A series of T cell activation experiments with the stimulator cells expressing
C10RF32 molecules and control stimulator cells were performed under standard conditions
as described (Leitner, J., et al., 2010. J. Immunol. Methods. 362: 131-141.) RPMI 1640
medium (Invitrogen) supplemented with 10% FBS (Sigma), antibiotics and anti-mycotics
(PenStrep and Amphotericin, respectively) was used for culturing Bw cells and also for the
functional experiments. Briefly, the stimulator cells were harvested, counted, irradiated
(2x3000 rad) and seeded in flat-bottom 96-well plates (20.000 cells/ well). Liquid nitrogen
stored MACS-purificd T cells were thawed, counted and added to the wells (100.000 cells/
well); total volume was 200 pl/well. Triplicate wells were set up for each condition.
Following 48 hours of co-culture, supernatant (SN) was harvested (50 pl/well) pooled from
triplicate wells and frozen for cytokine-analysis. Luminex-based multiplex cytokine-
analysis was performed using antibody pairs to IFN-y, 1L-2, 1L-10, IL-13 in conjunction
with purified recombinant cytokines (o establish a standard curve. In some experiments 11 .-
17 or IL-4 were also measured, but since the concentration of these cytokines was generally
very low these measurements were omitted for most samples. Triplicate measurements were
done and the results are depicted as mean +/- SEM. Afler removal of 50ul of SN at 48 hrs,

as described, Mcthyl—3H—thymidine (50 gl/well of a 1:80 dilution in culiure medium; final
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concentration: 0.025 mCi; PerkinElmer/New England Nuclear Corporation. Wellesley, MA)
was added to the wells as described. Following additional 18 hours of culture, the plates
were harvested on filter-plates and incorporation of H-Thymidine was determined in a B-
counter. In addition a series of similar experiments using MACS-purified T cell subsets
(CD4 T cells, CD45RA-positive CD4 T cells as well as CD8 T cells) were performed.

Additional controls in all experiments included wells with stimulator cells alone
(data not shown). This was done (o assess the cells microscopically and also to determine
3H-Thymidine incorporation of the stimulator cell w/o T cells. Data [rom experiments in
which quick disintegration of stimulator cells was observed following irradiation were
excluded from the analysis. This phenomenon occurred occasionally alter irradiation; and
its causc is currently unknown. In addition, unstimulatcd and PMA/Jonomycin stimulated T
cells were also analyzed for *H 'Ihymidine incorporation.

Furthcrmore, standard CFSE-dilution experiments were performed: T-cells were
CFSE-labelled and 100.000 T cells were co-cultured with irradiated stimulator cells (20.000
cells per well). Following 7 days of co-culture, FACS analysis was performed - cells were
stained with anti-CD8-APC and CFSE-dilution was assessed by electronically gating on
CDS8 and CD4 (CD8-negative) T cells.

Stinmulator cell-based experiments (o assess potential regulation of activation
markers (CD25 and CD69) by C1ORF32 proteins were also performed. However, in these
experiments, a very weak induction of (hese molecules was observed, which was not
regulated by C10RF32- proteins (data not shown).

Statistical comparison was done in a way that only experiments where results from
the CIORF32-proteins and the control group were available were included in the analysis.
T-test was used for statistical analysis (adjustment for multiple comparisons was not
performed) to evaluate the proliferation of T cells in co-cultures with stimulator cells
expressing C10ORI32-proteins or CD70, ICOSL and B7-113 vs. control stimulator cells
(pCIK2). All experiments were performed in triplicates.

Results:
T cell stimulator experiments with bulk T cells

Statistical analysis ol 6 independent experiments measuring proliferation of bulk T
cells stimulated with control or CIORF32 (SEQ ID NO:17 or SEQ ID NO:1) expressing
stimulator cells showed significantly lower proliferation (35% inhibition) in the SEQ 1D
NO:1 expressing cells compared to the pCJK2 control stimulator cells. This effect was

comparable to that of B7-H1 (32%) (Figure 17). The proliferation induced by stimulator
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cells expressing SEQ ID NO: 17 was reduced (o a lesser extent (12% inhibition), but did not
reach statistical significance, although it should be noted that SEQ ID NO:17 has an
identical extracellular domain as SEQ ID NO:1. This finding may be a result of its much
lower expression, as assessed by FACS analysis, using a specific antibody that recognizes
the common extracellular domain (Iligure 16). As expected, stimulator cells expressing the
costimulatory molecules CD70 and ICOSL induced significant higher T cell proliferation
than control stimulator cells. The proliferation induced by B7-H3 expressing stimulator
cells was somewhat lower (han the one obtained with control stimulator cells 15%. but this
did not reach statistical significance.
T cell stimulator experiments with CD4 T cells

Three independent experiments with CD4 T cells were performed. The proliferation
induced by stimulator cells expressing CD70 or 1ICOSL was significantly higher compared
to the control stimulator cells. The stimulator cells cxpressing B7-H3 significantly inhibited
the proliferation (53%, p<0.05), however, only a mild reduction (~20%) was observed for
cells expressing B7-H1, which did not reach statistical significance. The proliferation
induced by stimulator cells expressing SEQ ID NO:17 or SEQ ID NO:I was not affected.
The results are shown in Figure 18.
Figure 18 presents the results of T cell (CD4+) proliferation in response to stimulator cells
expressing empty vector or vector expressing the different CIORF32 molecules,
costimulatory, or coinhibitory molecules. Shown is the mean +/- SEM of 3
experiments.*P<0.05, **p<0.01, and #p<0.0001 (Students T-test) represent significantly

different results compared to empty vector.

T cell stimulator experiments with CD8 T cells
Three independent experiments with CD8 T cells were performed. Stimulator cells
expressing C1ORI'32 proteins induced lower proliferation of CD8 T cells as compared to
control stimulator cells (31-32% inhibition; Figure 19), however. this effect did nol reach
statistical significance. The proliferation induced by stimulator cells expressing CD70 or
1COSL. was significantly higher, whereas the proliferation oblained with B7-H3 and B7-H1
expressing stimulator cells was significantly lower compared to the control stimulator cells
(53-56%).
Figure 19 presents results of T cell (CD8+) prolileration in response to stimulator
cells expressing empty vector or veclor expressing the diflerent CIORF32 proteins,

costimulatory, or coinhibilory molecules. Shown is the mean +/- SEM of 3 experiments.

138



10

15

20

25

30

#4p<0.01, *+*¥p<0.001, and #p<0.0001 (Students T-test) represent significantly different

results compared to emipty vector.

T cell stimulator experiments with naive CD4 T cells
Three independent experiments with naive CD4 T cells were performed. The
proliferation induced by stimulator cells expressing SEQ TD NO:17 or SEQ ID NO:1 was
not different from the proliferative response induced by control stimulator cells (pCJK2;
Figure 20). The proliferation induced by B7-H3 and B7-H1 expressing stimulator cells was
lower compared to the control stimulator cells, but the difference did not reach statistical
signilicance. The proliferation induced by stimulator cells expressing CD70 or ICOSL was
significantly higher.
Figure 20 presents results of T cell (Naive CD4+CD45RA+) proliferation in response
to stimulator cclls expressing empty vector or vector expressing the different CIORF32
molecules, costimulatory, or coinhibitory molecules. **p<0.01, and #¥p<0.001 (Students

T-test) represent significantly different results compared to empty vector.

CFSE-labeling experiments
Two CEFSE-labeling experiments were performed, one with bulk T cells and one

with naive CD4 T cells. In both experiments, the CFSE-dilution induced by C1ORF32-
expressing stimulator cells or cells expressing B7-H3 and B7-H1 was comparable to the one
obtained with the control stimulator cells. With the notable exception of CD70 expressing
stimulator T cells all stimulator cells induced little proliferative response (data not shown).
Cytokines

The concentration of cytokines (IL-2, IL.-4, IL-10, IL-13, IL-17 and [FN-y) was
determined in the co-culture SNs of bulk, CD4+, CD8+, and naive T cells from most
experiments. Results in Figures 21 A-G show ellect of SEQ ID NO:17 and SEQ 1D NO:1 on
proliferation and cytokine secretion from a representative experiment with bulk T cells.
Generally it was observed that with co-inhibitory molecules the inhibition ol cytokine
production is a function of inhibition of T cell proliferation. The concentration of some ol
the cytokines (IL-2, IL-13 and especially IL-4) was in the lower pg range. which is regarded
as extremely low.

Figure 21 presents the results of T cell (Bulk) proliferation (A) and cytokine secretion
(B-G) in response o stimulator cells expressing the different CTORF32 proteins, or

costimulatory, coinhibitory molecules, or empty vector as controls. Cytokine data represent
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triplicate measurements from SN pooled from the (riplicate wells. *p<0.05, **p<0.01,
#kp<0.001, and #p<0.0001 (Student‘s T-test) represent significantly different results
compared to empty vector.

The results obtained in experiments with the stimulator cells expressing C10RF32
molecules indicale that they are able to inhibit human T cell responses when present during
their activation. Results obtained with stimulator cells expressing SEQ ID NO:I
demonstrate lower proliferation of human T cells compared o T cells stimulated with
control stimulator cells (summarized in Table 3). The extent of this effect was similar (o (hat
exerted by one or both of the positive controls, B7-H3 and B7-H1. As mentioned above,
SEQ ID NO:17 was only weakly expressed, which may explain its poor inhibitory aclivity.

The prolifcration induced by stimulator cells expressing CIORF32 molecules was
examined using bulk I' cells, purified CD8 'I' cells, CD4 'I' cells or naive CD4 I cells. The
cffects were most prominent in CD8 T cells, while the effect on the other cell types was
weaker in most cases (Table 3). Inhibition of cytokine secretion was usually in line with the
inhibition of T cell proliferation. Taken together, these results suggest an inhibitory effect of
the C1ORF32 proteins during activation of human T cells.

Table 3 presents Summary of the inhibitory effects of C10ORF32-proteins and
coinhibitory controls expressed on stimulator cells on the activation (as assessed by
proliferation) of different subtypes of T cells. Shown is % inhibition compared to stimulator

cells expressing emply vector. * represent statistically significant results.

Table 3
[ CD45RA
Protein name | Bulk T cells | CD4 CDS8
(naive)
CIORI32
SEQ ID 12% : 32%
NO:17
CIORF32
35%* . 31%
SEQ ID NO:1
B7-H3 15% 53%* | 56%* 34%
B7-111 32G* 30% 53%* 11%

In addition 1o the above examples, demonstraling that the the membrane bound form
of CIOREF32 gencrates a negative signal for 't cell activation, Examples 5 and 8 in
WO/2012/001647, owned in common with the present application, which is hercby
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incorporated by reference, as if fully set forth herein, demonstrate in various experimental
systems that a fusion protein of the C10RF32 ECD fused to mouse IgG2A Fc domain, has
an inhibitory effect on the activation of T cells. In all experimental systems, the presence of
C10RF32-ECD-Fc caused a reduction in T cell activation in comparison to isotype matched
antibody serving as a negative control. This was observed by reduction in T cell
proliferation as well as inhibition of cytokine secretion. Thus, without wishing to be limited
by a single hypothesis, a neutratizing antibody specific for CIORF32 would be expected to
abrogate the inhibitory activity of such receplor and by that, would be expected to enhance

tumor immune surveillance.

EXAMPLE 12: EFFECT OF C1ORF32 ON CYTOTOXIC T LYMPHOCYTE (CTL)
FUNCTIONAL ACTIVITY

The effect of ectopically expressed CTORF32 (SEQ ID NO: 1) on the functional
activity of human Cytotoxic T Lymphocytes (CTLs) was tested in an experimental system
in which C1ORF32 (SEQ TD NO: 1) was over expressed on human cancer cells as target
cells (SK-MEL-23, mel624.38 and mel526 described previously (Topalian, S. L., et al.
1989, J. Immunol. 142: 3714-3725; Houghton, A. N, et al., 1987. J. Exp. Med. 165: 812-
829)), which were then co-cultured with primed human CD8+ T cells (CTLs) over
expressing a ‘Tumor Associated Antigen (I'AA) specific and HLA-A2 restricted "I’ cell
receptor (TCR). Readouts to be tested include activation dependent cytokine secretion,
expression ol activation markers and killing activity.

Expression of C10ORF32 (SEQ ID NO: 1) in melanoma cell lines: In order (o express
the CIORF32 (SEQ ID NO: 1) in target cells, the cDNA encoding this protein was
amplified using specific primers (SEQ ID NOs: 33 and 34), digested with the enzymes Pcil
and Notl and cloned into an MSCV-based retroviral vector (pMSGV1) (Cary Hsu,, et al., J
Immunol. 2005 December 1; 175(11): 7226-7234).

Verification of the cloning was done first using restriction enzyme and subsequently by
sequencing. Upon sequence confirmation, large amounts of the retroviral vector (Maxi-
prep) were produced [or subsequent use.

Three human melanoma cell lines (SK-MEL-23, mel624.38 and mel526) were
transduced with retroviral constructs encoding CIORF32 (SEQ ID NO: 1) using a
retronectin-based protocol; brielly, retroviral supernatant was produced in 293GP cells (a
retroviral packaging cell line) [ollowing transfection with the retroviral vector and an
amphotropic envelop gene (VSV-G). The retroviral supernatant was plated on retronectin-
coated plates prior to the transduction to enable the binding of virions to the plate. Then, the
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melanoma cells were added to the plate for 6 hours. After that, the cells were replenished in
a new culture vessel. Transduction efficiency and expression of the protein was determined
by staining the transduced wmor cells with a C1ORF32-specific antibody (5159-1,
described herein) and analyzed by flow cytomelry.

Transduction of effector cells:

To perform functional assays with human CTI.s, primary human lymphocytes which
were engineered to express the F4 TCR which is a MART-1-specific HLA-A2+ restricted
TCR, that recognizes HLA-A2+/MARTI1+ melanoma cells was used. This TCR was
recently used in clinical trials in terminally-ill melanoma patients to specifically confer
tumor recognilion by autologous lymphocytes [rom peripheral blood by using a retrovirus
encoding the TCR (Morgan ct al, 2006 Science, 314:126-129). Freshly isolated PBLs
(peripheral blood leukocytes) that were stimulated with PHA 5-10 days were transfected
with in vitro-transcribed mRNA for both « and B chains from the MART-126-35-specific
TCR termed F4 by electroporation. Briefly, electroporation was performed at 400V/500us
using an ElectroSquare Porator. The amount of in vitro-transcribed mRNA for each chain
was 1 ug per 106 cells. The transfected lymphocytes were subsequently transferred to a new
culture vessel and cultured in lymphocyte medium containing 300 IU of IL-2, replenished
every 2-3 days.

Cytokine secretion mediated by candidale-transduced cells:

A co-culture of melanoma cells expressing CIORF32 (SEQ ID NO: 1) with F4-TCR
transduced T-cells was set up. Cytokine secretion (IFN-y and I1.-2) was measured by ELISA
to assess the specific recognition and response of the effector CD8 T cells to the different
transduced tumor cell lines. For these assays, 107 effectors were co-cultured with 10°
melanoma target cells for 16 hours. Cytokine secretion was measured in culture

supernatants diluted to be in the linear range of the IILISA assay.

Human melanoma cell lines (SK-MFEL-23, mel624.38 and mel526) were first stained
for the expression of the C1ORE32 prolein using C1ORI32-specific monoclonal antibody
5159-1. C10RF32 was not delected on the surface of parental (non-transduced cells) as
assayed by flow cytometry (data not shown). These cell lines were then transduced with a
retroviral vector encoding the C1ORF32 protein SEQ 1D NO:1, as described herein. 48 hrs
following transduction, the levels of CTORI32 expression were assessed by flow cytometry
and compared to those of the parental cell line. The levels of protein expression ranged

between 30-60% above the background for the different cell lines tested (Figure 22).
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As described in herein, PBLs were stimulated with PHA for 5-10 days and
subsequently electroporated with the MART-1 specific TCR 4. The effector CD8+ PBLs
were cultured in lymphocyte medium containing IL-2. Figure 23 shows the level of TCR
expression obtained for two different donors.

The effector CD8+ PBLs were added to either the parental melanoma line (mel526,
mel624.38 or SK-MEI, 23) or to the respective C1ORF32-transfectant. 16-hours after the
beginning of the co-culture, the levels of 1INy and IL-2 secretion were assessed. In 4
independent experiments using 4 different T-cell donors, a significant reduction (~40%) of
IFNy secretion [rom the CTLs was observed [ollowing co-culture with the C1ORF32
expressing SK-MEL-23 ccll line, as compared to the parental ccli line (p=0.01). With the
other C10RF32 expressing cell lines, the differences in IFNY secretion observed were not
found statistically significant (Figure 24).

However, in a second set of experiments (total of 3) the reduction observed in co-
cultures with CIORF32 expressing SK-MEL23 cells was less pronounced (around 10 %)
(data not shown). Additionally, it appears also that the levels of C1ORF32 expression in the
transduced melanoma lines were slightly reduced with time (6 weeks).

In regard to 11.-2 secretion, inconsistent results were obtained, that showed in some cases a
slight increase in a few co-culture experiments was observed (data not shown), which did
not reach statistical significance.

This study analyses the effect of ectopically expressed CIORF32 on CTL effector
function. These results indicate that C1ORF32 expression on melanoma cells results in
reduced II'Ny secretion by CTLs. These results point out o a trend in activity. Additional
optimization of several features in the experimental system is being done:

1) Level and homogeneity of CIORF32 ectopic expression on melanoma cell lines.

2) Expression levels of F4 T cell receplor on primary activated CD8 cells.

3) Extension of the study to test direct effect on C'T'Ls killing activity.

Without wishing (o be limited by a single hypothesis, the difference in the effect on CTLs of
CIORJF32 cxpressed on different melanoma cell lines can be explained by a different
reperloire of endogenously expressed co-stimulatory/co-inhibitory proteins on different

melanoma lines.

EXAMPLE 13: CIORFE32-ECD-MOUSE IgG2a FUSION PROTEIN (SEQ ID NO:18)
UPREGULATES DIFFERENTIATION OF INDUCIBLE REGULATORY T CELLS
(iTregs) IN VITRO
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Tregs play an essential role in the immunosuppressive networks that contribute to
tumor-immune evasion. To test the ability of an anti C10RF32 antibody to block Treg
differentiation, it was first tested whether the interaction of C10ORF32 fusion protein with
naive T cells affects their differentiation to iTregs. To this aim, CIORF32-ECD-mouse
IgG2a fusion protein (SEQ ID NO:18) was used, and its effect on differentiation of
regulatory T cells was evaluated by testing the expression of the regulatory T cell marker,
FoxP3, by CD4+CD25+ purified T cells when incubated in the presence of iTreg driving
conditions.

Naive CD4+ T cells were isolated from DOI11.10 mice via automax sort (CD4-
negalive sort plus and CD25 positive isolation, [ollowed by CD62L-posilive sort).

The cells were activated in the presence of IL-2 (100U/ml), TGF-beta (10ng/ml) and
either Control Ig (10ug/ml) or C1ORF32-ECD-mouse 1gG2a fusion protein (SEQ ID
NO:18) (1 or 3ug/ml) in the presence of irradiatcd Balb/c splenocytes (at 1:1 ratio; 5x10° T
cells per well) and OVA323-339 (20ug/ml). On day 4 of culture, cells were harvested and
stained for viability, CD4, CD25, and FoxP3 expression.

As demonstrated in Figure 25, incubation of naive CD4+CD25+ T cells in the
presence of C10RF32-ECD-mouse IgG2a fusion protein (SEQ ID NO:18) resulted in a
potent and dose dependent increase in the percentage of CD4+CD25+ FoxP3+ T cells.
These results indicate that the interaction of C1ORF32 protein with it counterpart receptor
on T cells leads to induction of iTregs differentiation. Thus, without wishing to be bound by
a single theory, using a C10RF32 specific antibody that blocks this interaction is useful in
downregulating iTreg differentiation, and by that increasing immune system activity against
cancer.

As shown herein, the ex vivo results demonstrate that the C1ORF32-Ig fusion
protein enhanced the differentiation of CD4 T cells to iTregs. These results suggest that the
CIORI32 pathway is involved in iTregs induction and differentiation, and imply that
targeting C1ORF32 with blocking monoclonal antibodies inhibits iTregs accumulation and
immunosuppressive function. Furthermore, by inhibiting C10RF32 immune checkpoint
activity, such blocking antibodies would also enhance effector T cell activily. Thus the
enhancement of effector T cell activity and inhibition of iTreg immunosuppressive aclivity
aclivity by CIORF32 blocking antibodies lead to enhanced beneficial effects in cancer

therapy using such antibodies, alone. or in combination with a potentiating agent.
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In addition to the above results demonstrating a role for CIORF32 in promoting
differentiation of iTregs, Examples 5, 6 and 11, in W0/2012/001647, incorporated by
reference, as if fully set forth herein, demonstrate the effect of C10RF32 on Th
differentiation using mouse and human CD4+ T cells upon activation under specific Th
driving conditions. Murine T cell activation was either antigen-specific or polyclonal. The
results in the majority of these experimental settings, using mouse or human cells, point to
an immunomodulatory effect of C1ORF32 on T cells, whereby Thl and Th17 driven
responses (secrelion ol proinflammatory cytokines and cell proliferation under Thl and
Th17 driving conditions) are inhibited, while secretion of anti-inflammatory cytokines (Th2
derived, and IL-10) are promoled.

It is known that one of the mechanisms by which tumors evade immune survcillance
is promotion of a Th2/M2 oriented immune response (Biswas SK. et al, 2010
Oct:11(10):889-96). Thus, without wishing to be limited by a single hypothesis, a
neutralizing antibody which suppresses the above demonstrated immunomodulatory effect
of C10RF32 (i.e. promotion of Th2 response and inhibition of Thl response) is beneficial

for treatment of cancer.

EXAMPLE 14: BINDING OF C10RF32 TO NK CELLS AND OF THE EFFECT OF
C10RF32 ECTOPIC EXPRESSION ON NK KILLING ACTIVITY

The aim of this analysis was to evaluate the binding potential of CIORF32 (Fc fused
protein containing the extracellular domain of CIORF32 to the Fc of mlgG2a, (SEQ ID
NO: 24)); to NK cells and to evaluate whether ectopic expression of C1ORI32 on
HEK?293T cells affects their susceplibility (o killing by NK cells. The HEK293T cells
overexpressing C1IORF32 (SEQ ID NO:1) used are described herein.

Isolation of NK cells from peripheral blood mononuclear cells:

IIuman NX cells were isolated from PBLs (peripheral blood cells) using the human NK cell
isolation kit and the autoMACS instrument (Miltenyi Biotec, Auburn, CA).
Generation ol primary NK cell lines:

Human primary NK cell lines were obtained by seeding purified human primary NK
cells at one cell/well in 96-well U-boltomed plates in complele medium supplemented with
10% FCS, 10% leukocyte-conditioned medium and 1 pg/ml PHA. Irradiated [ecder cells
(2.5 X 10 allogeneic PBMCs from two donors and 5 X 10° RPMI 8866 B3 cell line in each
well) were added. Proliferating clones, as defined by growth at cell densitics where growth

of cells occurred in less than one third of the wells plated, were expanded in complele
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medium in 96-well plates. These human activated primary NK cell lines were cultured in
RPMI, 10% human serum supplemented with | mM glutamine, 1 mM nonessential amino
acids, 1 mM sodium pyruvate, 2 X 10°M B-ME and 50 U/ml rhulL-2. The binding and
killing assays presented here were performed using a polyclonal population of NK cells (i.e.
after unification of all viable NK clones from each donor).

Cylotoxic assay:

The cytotoxic activity of NK cells against HEK-293 ectopically expressing C1ORF32
was evaluated using S* release assay, in which effector cells were admixed with 5X10°
[$*] methionine-labeled targel cells at different E/T ratios in U-bottomed microliter plates.
Following an ovcrnight incubation at 37°C, assays were terminated by centrifugation at
1,000 pm for 10min at 4°C and 100pl of the supernatant was collected for liquid
scintillation counting. Percent specific lysis was calculated as follows: % lysis = [(cpm
experimental well - cpm spontaneous release)/ (cpm maximal release - cpm spontaneous
release)] X100. Spontaneous release was determined by incubation of the S*-labeled target
cells with medium only. Maximal release was determined by solubilizing target cell in 0.1M
NaOH. In all presented experiments, the spontaneous release was <25% of maximal release.
Binding assay:

NK cells were incubated with Spg of CIORF32 (SEQ ID NO: 24) or isotype control
(mlgG2a) for 2 hours on ice. Following cell washing, secondary anti mouse antibody was
added and hinding was evaluated by flow cytometry.

C10RF32 binding to NK cells

In these experiments, the binding of C10RF32 (SEQ ID NO: 24) to NK cells (i.e.
Activated primary NK cell lines) as well as to freshly isolated NK cells from several
different donors was evaluated.

The results are presented in Figure 26, demonstrating C1IORF32 (SEQ ID NO: 24)
binding (o primary activated and freshly isolated NK cells. Human NK primary cell lines
from three different donors (Figure 26A) or freshly isolated NK cells from three other
donors (I'igure 26B) were incubated with 5pg unlabeled C1ORIP32 ((SEQ ID NO: 24)) or
control isotype mlgG2a. Grey histograms are of mlgG2a, the red or black histograms
belong (0 C1ORF32.

As shown in Figure 26, C1ORF32 (SEQ ID NO: 24) displayed largely no binding 1o
NK cells, although in some cases a very weak binding was apparent (as in Donors #3, 5 and

0).
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Over expression of CIORF32 in HEK293T cells results in reduction of NK cells
cytotoxicity

The effect of ectopic expression of CIORF32 (SEQ ID NO: 1) on HEK293T cells on
their susceptibility to killing by NK cells was assessed. Figure 27 presents the results of
C10RI32 (SEQ ID NO: 1) expression on HEK293T cells resulting in a minor reduction of
their susceptibility to killing by NK cells. Human NK primary cells were co-incubated with
HEK293T cells over expressing CIORF32 (293T-001) or un-transfected HEK293T cells
(293T-CTrl) and percentage of killing was assessed as described in Materials and Methods
herein. Effector to target (E:T) ratios (X axis) range from 1:40 to 1:5 (two fold dilution of
effector cells). * designales p value <0.05.

Results shown in Figure 27 show that expression of C10RF32 (SEQ ID NO: 1)
results in a minor reduction of NK Kkilling activity which reaches statistical significance
(p<0.05) only at the highest E:T ratio.

Without wishing to be limited by a single hypothesis, the data showing the effect for
CIORF32 (SEQ ID NO: 1) over expression on the susceptibility of HEK293T cells to
killing by NK cells raises the possibility that NK cells are involved in CIORF32 mechanism
of action. Expression of a counter receptor for C1IORF32 on NK cells by binding assays was
detected in low levels. Without wishing to be limited by a single hypothesis, it is possible
that the binding affinity of CIORF32 to the counter receptor on NK cells is variable among
different NK clones, and thus could not be detected robustly in this assay.

NK cells use a variety of receptors to detect abnormal cells, including tumors and
their metastases. The activity of NK cells is dictated by the balance between aclivatory and
inhibitory receptors. The results depicting that C1ORF32 is an inhibitory ligand which
binds to a counterpart receptor on NK cells and inhibits their cytolytic activity support the
use of a neutralizing C10RF32 specific antibody that inhibits this negative regulation and

thus enhances the clearance of the tumor by the immune system.

EXAMPLE 15: EXPRESSION OF C10RF32 PUTATIVE RECEPTOR ON ACTIVATED
1T CELLS

The cxpression of the putative counterpart receptor of C1ORE32 was investigated by
lesting the binding of CTORF32 to resting or activated mouse CD4 1 cells with plate bound
anti-CHD3 and soluble anti-CH28. In order to prevenl binding to Foy receptors, an
aglycosylated version of CTORF32 (Fc containing the N278A mutation, SHQ 1D NO:38)

was uscd. In addition. anti-CD16/CD32 antibodies were used for blocking of Fey-receptors.
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Results, shown in Figure 14, indicate no detectable binding of C1QRF32 to unactivated T
cells. and a small but clear increase of binding to activated CD4+ T cells. These results
suggest thal activated T cells express the putative counterpart receptor for C10RF32. As
can be seen in Figures 10-13, 15-21, the membrane bound form of CTORF32 generates a
negative signal for T cell activation. Thus. without wishing to be limited by a single
hypothesis, a neutralizing antibody specific for CIORF32 abrogates the inhibitory activity

of such receptor and by that, enhance tumor immune surveillance.

Figure 14 shows C1ORF32 binding profile to resting and activated mouse T cells.
Untouched mouse CD4+CD25- CD4 T cells were left in medium (‘unactivated’) or
stimulated with immobilized anti-CD3 (2pg/ml) in the presence of soluble anti-CD28 (2
ug/ml). After 48hr, anti-CD3/28 stimulated CD4 cells were stained with biotinylated
CIORF32 H:M (N278A; aglycosylated) (SEQ ID NO:38) or isotype control (biotinylated
mouse IgG2a; Biolegend), followed by streptavidin-PE, in the presence of mouse anti-

(CD16/32 for blocking of Fey-receptors.

EXAMPLE 16: EFFECTOR FUNCTION ACTIVITY THROUGH COMPLEMENT
DEPENDLENT CYTOTOXICITY (CDC) OIF ANTI C1ORI32 ANTIBODY, 5166-9, ON
CI0ORF32 ECTOPIC EXPRESSING CELL LINES

The aim of this experiment was to establish a functional assay addressing the
complement [ixing ability of C1ORF32 monoclonal antibodies on cell lines (hal express
CIORF32 and to use this assay to screen for potential therapeutic antibodies for CDC
effector function.

C1ORF32 expressing cell lines:

HEK2931 and CHOKI1 cells expressing human CIORF32 or empty vector were
gencrated as described above. HEK293T wransfected cells were cultured under sclection of
Sug/ml puromycin in DMEM supplemented with 10% FBS, Glutamine-Penstrep. Similarly,
CHOKI transfected cells were cultured under selection of [2ug/ml puromycin in FI12
supplemented with 10% FBS, Glutamine-Penstrep. Complete media (CM) refers to the
culture media for the respective cell lines.

Antibodies: 5166-9 (IgM). 5159-3 (1gG2a) and 5159-1 (1gG1) purified mouse
monoclonal antibodies against C1ORF32 were generated at Silverlake, USA according as

described herein. Purified mouse 1gM lIsolype control. clone MM-30 (cai# 401602) and
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Purified mouse IgG2a Isotype control, clone MOPC-173 (cat# 400224) was purchased {rom
Biolegend, USA.

Reagents: Purified rabbit complement (cat# CL-3441) was purchased from Cedarlane
laboratories, Canada. Cell Titer Glo reagent was purchased from Promega, USA (cat#
G7570).

Cylotoxic assay: The CDC activity of CIORF32 antibodies against HEK293 and
CHOKI1 ectopically expressing C1ORF32 was evaluated using cell titer CellTiter-Glo
reagent. Cells were plated al a density of 5 X10° cells per well in a 96 well tissue culture
plate in 50ul of CM. After culturing overnight, serial dilutions of 2x antibody, isotype,
media alone were added in equal volume Lo respeclive wells. Freshly reconslituted
complement was added and the plates incubated at 37 degrees. After lhr plates were
equilibrated to room temperature, 100ul of cell titer Cellliter-Glo reagent added per well
and incubated at RT for 5 to 10mins. 170ul was transferred to a white plate and
luminescence measured on Victor2 plate reader (Perkin Elmer). Data was exported and
analyzed in Excel and plotted in GraphPad Prism.

Percent CDC was calculated as follows: 100 - [(RLU experimental well/ RLU
complement alone) X 100]. Conditions were run in triplicate and data is representative of 2
experiments.

FACS Staining: HEK293T and CHOKT1 parental and CGEN15001T expressing cells
were washed and stained in 25ul of different concentrations of 5159-1 in FACS buffer (PBS
(Life Technologies), 1% BSA(Sigma Aldrich) and 0.01% sodium azide (Sigma Aldrich)) at
4 degrees C for 60 minutes. The cells were washed once in FACS buffer, re-suspended in
25ul of Alexa Fluor 647 conjugated F(ab’)2 [ragment of goat anti mouse IgG (Jackson
Immunoresearch cat#115-606-146) for 30 minutes at 4 degrees C. The cells were washed
again in FACS buffer, re-suspended in 35ul of FACS buffer and 35ul of 4%
paraformaldehyde and analysed on either a FACS Calibur or an Intellicyt IITT'C. Data was
analyzed by FlowJo, Excel and GraphPad Prism.

Anti C1ORF32 antibody, such as 5166-9. has potent CDC activity on CIORF32 expressing
cells, for example, on HEK293 ectopically expressing C10REF32

In these experiments the activity of antibody 5166-9, a mouse IgM monoclonal, on
HEK293T and CHOK]1 cells expressing C1ORF32 was evaluated. As shown in Figure 28,
5166-9 displayed potent CDC activity on HEK293T expressing CIORF32 cells with an
ECS50 of 1.8ng/ml or 0.01nM. Significantly lower level of aclivity was observed on the

emply veclor control cell line (right panel). The low level of activity on the empty vector
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line is likely due to low level of endogenous expression of the antigen (data not shown).
Similar to HEK293T cells, antibody 5166-9 displayed dose dependent CDC activity in
CHOKI cells, with an EC50 of 33ng/ml or 0.2nM (Figure 29). The maximum killing effect
was less compared to HEK293T expressing C10RF32. These differences in potency can be
explained by the incomplete expression on the CIIOK1 transfectant expressing C10ORI32
(40% of the cells showed no expression by FACS — data not shown) as well as lower level
of C10RF32 expression as seen by FACS (Figure 30). The activity of 5159-3, an 1gG2a
mouse monoclonal showed minimal aclivity in these assays (data not shown).

Figure 28 demonstrates that 5166-9 anti C1ORF32 antibody shows potent CDC activity
against HEK293 expressing C1ORF32. HEK293 cell lines were incubated with 5166-9 or
control isotype mIgM in the presence of complement and viability measured after 1hr.
Figure 29 demonstrates that 5166-9 anti C1ORF32 antibody shows CDC activity against
CHOK1 cells expressing C10RF32. CHOKI1 cell lines were incubated with 5166-9 or
control isotype mIgM in the presence of complement and viability measured after 1hr.
Figure 30 presents CIORF32 expression on HEK293T cells compared to CHOK1. HEK293
CIORF32 cells express more target antigen compared to CHOKI1 C10ORF32 based on
detection of C10ORF32 using a C10RF32 antibody 5159-1.

These data showed CDC activily of anti CIORF32 Ab, 5166-9, on HEK293T and
CHOKT cells expressing C1ORF32. These assays could be used to characterize functional
Abs of C10RF32. The results raise the possibilily that C1ORF32 therapeutic antibodies of
the human TgG1 sub-class, known for complement fixing activity, could potentially act
through multiple mechanisms of action, including CDC mediated effector function on

C10ORF32 expressing cancer cell.

EXAMPLLE 17: ROLE OF C10REF32 PROTEINS AS MODULATORS OF CANCER
IMMUNE SURVEILLANCL:
1) IN VIVO PROOF OF CONCEPT

a) Mouse cancer syngeneic model:

(i) Tumor cells, over expressing C1ORF32 proteins or a non-relevant control protein
are (ransplanted o genetically malched mice. Tumor volume (and tumor weight after
sacrificing the animals) are then examined to demonstrate delay in the wmor growth (i.e.

tumor over expressing C1ORI32 grow faster than tumors over expressing the non-relevant
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control protein). Ex vivo analysis of immune cells from tumor draining lymph nodes is
carried out to evaluate the ratio of regulatory T cells and effector T cells.

(i) Treatment of syngeneic tumor with neutralizing antibodies directed against
C10RF32 protein as mono-therapy. Tumor cells are transplanted to genetically identical
mice. Tumor bearing mice are injected with different doses of neutralizing antibodies aimed
against CIORF32 protein. As a result of treatment with neutralizing antibodies specific for
CI1ORF32 protein the rejection of the tumor is increased (i.e. in mice treated with
neutralizing antibodies against CLTORF32 protein tumors grow slower (han (umors in mice
treated with non-relevant antibody). Ex vivo analysis of immune cells from tumor draining
lymph nodes is carried oul (o determine of the ratio of regulalory T cells and ellector T
cells.

'The tumor cells lines tested are from various origins including colon, breast, and
ovary carcinomas, melanoma, sarcomas and hematological cancers. Syngencic models are
performed in several mouse strains including BALB/c, C57bl/6 and C3H/Hej. In the first set
of experiments the syngeneic transplantable models used are primarily those proved as
predictive for cancer immunotherapy. These include: B16-F10 melanoma (according (o the
method described in Tihui Fu et al Cancer Res 2011; 71: 5445-5454), M(C38 colon cancer
(according to the method described in Ngiow SF et al. Cancer Res. 2011 May
15;71(10):3540-51), TD8 ovarian cancer (according to the method desciibed in Krempski et
al. J Immunel 2011; 186:6905-6913), MCA105 sarcoma (according to the method described
in Wang et al. J. Exp. Med. Vol. 208 No. 3 577-592), CT26 colon carcinoma (according to
the method described in Ngiow ST’ et al. Cancer Res. 2011 May 15;71(10):3540-51) and
4T1 mammary carcinoma (according o the method described in Takeda K et al. J Immunol.
2010 May 15;184(10):5493-501) of BALB/c background.

(iii) Establishment of a syngeneic tumor and treatment with ncutralizing antibodies
directed against C10ORI*32 protein in combination with additional lines of treatment. Tumor
cells are transplanted to genetically identical mice. After the establishment of tumors, mice
are injected IP with different doses of neutralizing antibodics aimed against C1ORF32
prolein in combination with conventional chemotherapy (e.g. cyclophosphamide. according
to the method described in Mkrtichyan et al. Fur. J immunol. 2011: 41, 2977-2986), in
combination with other immune checkpoint blockers (e.g. PD1 and ("I'LA4, according Lo
the method described in Curran et al.; Proc Natl Acad Sci U S A. 2010 Mar 2:107(9):4275-
80)), in combination with other immune-modulators (e.g. anti-IL.18. according to the method

described in Terme el al.; cancer res. 2011; 71: 5393-5399). in combination with cancer
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vaccine (according to the method described-in Hurwitz et al. Cancer Research 60, 2444—
2448, May 1, 2000) or in combination with radio-therapy (according to the method
described in Verbrugge et al. Cancer Res 2012;72:3163-3174).

(iv) Human cancer Xenograft model: Human cancer cell lines, endogenously
expressing C1ORI32 are transplanted into immune-deficient mice. Tumor volume in mice
treated with anti- C1ORF32 antibody vs. mice treated with non-relevant isotype matched
antibody will be assessed. In one arm of the study anti- CIORF32 antibodies are conjugated
o a loxin (according Lo the method described in Luther N el al. Mol Cancer Ther. 2010
Apr;9(4):1039-46) to assess antibody drug conjugate (ADC) activity. In another arm of the
experiment, mice are (realed with human IgG1 or mouse Ig(G2a isolype antibodies against
CIORF32 (according to the method described in Holbrook E. Kohrt ct al. J Clin Invest.
2012 March 1; 122(3): 1066-1075).These antibody isotypes are used to assess antibody-
dependent cellular cytotoxicity (ADCC) mediated tumor elimination.

2) EXPRESSION ANALYSIS
a) Expression of CIORF32 proteins on tumor and immune cells isolated from
human tumor biopsies

(i) Expression validation of ClIORF32 proteins using specific antibodies directed
against the C10RI32 proteins is carried out on separated cell populations from the tumor.
Various cell populations are f{reshly isolated from tumor biopsies (e.g. Tumor cells,
endothelia, tumor associated macrophages (TAMs) and DCs, B cells and different T cell
sub-sets (CD4, CD8 and Tregs) as described in Kryczek I. et al., J. Exp. Med.; 2006; Vol.
203; p.871-881 and Cancer res. 2007; 67; 8900-8905, o demonstrale expression of
CIORF32 in tumor cells and on tumor stroma and immune infiltrate.
(ii) Binding assay is performed with the human C10RF32 ECD-FC proteins on separated
cell populations from the tumor. Various cell populations from tumor biopsies (e.g. Tumor
cells, endothelia, tumor associated macrophages (TAMs) and DCs, B cells and dilferent T
cells (CD4, CD8 and Tregs) are freshly isolated from tumors as described in J. Exp. Med.;
2006; Vol. 203; p.871-881 and Cancer res. 2007; 67; 8900-8905, to show expression of the
counter receplor for C10RF32 in tumor cells and on umor stroma and immune cells.

b) Expression ol C1ORF32 proteins on cells isolated [rom draining lymph nodes and

spleens of tumor bearing mice
(i) Expression validation of C1ORF32 proteins using specific antibodies direcled against
C10ORF32 proteins is done on epithelial cancer cells as well as on immune cells from tumor
draining lymph nodes vs. spleen of umor bearing C57 mice, as described in M Rocha et al..
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Clinical Cancer Research 1996 Vol. 2, 811-820. Three different cancer types are tested: B16
(melanoma), ID8 (ovarian) and MC38 (colon)), in order to evaluate expression of C10RF32
in tumor cells and in immune cells within the tumor draining lymph node.
(ii) Binding assay with mouse C10RF32 ECD-FC proteins on cells isolated from epithelial
cancer as well as on immune cells from tumor draining lymph nodes versus spleen of tumor
bearing C57 mice is carried out as described above, to show expression of the counter
receptor for CIORF32 in tumor cells and in immune cells in the tumor draining lymph
node.

¢) Expression of C1ORF32 proteins on M2 polarized Macrophages
(i) Expression validation of C10ORF32 proteins using specilic antibodies directed againsl
C1ORF32 protcins, is done on primary monocytes isolated from pcripheral blood,
differentiated into macrophages and exposed to “M2 driving stimuli” (e.g. 1L4, 1L10,
Glucocorticoids, TGF beta), as described in Biswas SK, Nat. Immunol. 2010; Vol. 11; p.
889-896, to show expression of CIORF32 in M2 differentiated Macrophages.
ii) Binding assay with C1ORF32 human ECD-FC proteins on primary monocytes isolated
from peripheral blood, differentiated into macrophages and exposed to *“M2 driving stimuli”
(e.g. IL4, IL10, glucocorticoids, TGF beta) is carried out as described above, to evaluate

expression of the counter receptor for CIORF32 in M2 differentiated Macrophages.

EXAMPLE 18: ANTI-TUMOR EFFECT OF BLOCKING ANTIBODY AGAINST THE
C10ORF32 PROTEIN IN COMBINATION WITH BLOCKADE OF KNOWN IMMUNE
CHICKPOINTS

Inhibitory receptors on immune cells are pivotal regulators of immune escape in
cancer. Among these are known immune checkpoints such as CTLA4, PD-1 and LAG-3.
Blockade of a single immune checkpoint often leads to enhanced effector 1" cell infiltration
of tumors, but may also lead to compensatory upregulation in these T cells of the other
unblocked negative receptors. However, blockade of more than one inhibitory pathway
allows 'I' cells to carry out a more efficient tumor response, and increases (he ratio of
effector T cells (Teffs) to regulatory T cells (Tregs). Specifically, dual blockade of such
inhibitory receptors has been shown (o exert synergistic therapeutic effect in animal tumor
models (Curran et al 2010 PNAS 107: 4275-4280; Woo et al 2011 Cancer Res. 72: 917-
927). Based on these findings, the combination of anti-CTI.A-4 and anti-PD-1 blocking

antibodies is being tested in clinical trials in patients with metastatic melanoma.
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The combination of blocking antibodies against CIORF32 and against PD-1 is tested
in the syngeneic cancer MC38 model in the C57B1/6 background (as described in Woo et al
2011 Cancer Res. 72: 917-927). Briefly, MC38 cells (2x10°) are implanted s.c. C57Bl/6
mice. Mice with palpable tumors are injected i.p. at a dosage of 10 mg/kg anti-C10RF32
mAb and/or anti-PD-1 mAb (4112). Isotype Control Ab is dosed at 20 mg/kg or added to
individual anti-PD-1 or anti-C1ORF32 antibody (reatments at 10 mg/kg. Tumor volumes
are measured with an electronic caliper, and effect on tumor growth is calculated. The
therapeutic effect, manifested as inhibition of tumor growth, is enhanced upon combination
of the blocking antibodies against the two targets, PD-1 or CIORF32. The frequency of
effector 1" cells = "l'effs (CD8+ IFNg+) cells and the ratio of Teffs and Tregs are determined

in tumor draining lymph nodes and non-draining lymph nodes.

EXAMPLE 19: ANTI-TUMOR EFFECT OF BLOCKING ANTIBODY AGAINST THE
CIORF32 PROTEIN IN COMBINATION WITH METRONOMIC THERAPY WITH
CYCLOPHOSPHAMIDE

Cyclophosphamide has been used as a standard alkylating chemotherapeutic agent
againsl certain solid (umors and lymphomas because of its direct cytotoxic elfect and its
inhibitory activity againsl aclively dividing cells. While high doses of cyclophosphamide
may lead to depletion of immune cells, low doses have been shown to enhance imnune
responses and induce anti-tumor immune-mediated effects, primarily by reducing the
number and function of immunosuppressive Ireg cells (Brode and Cooke 2008 Crit. Rev.
Immunol. 28: 109-126). Mctronomic therapy using classical chemotherapies other than
cyclophosphamide has also been shown to have immunostimulatory effects, including
gemcitabine; platinum based compounds such as oxaliplatin, cisplatin and carboplatin;
anthracyclines such as doxorubicin; taxanes such as paclitaxel and docetaxel; microtubule

inhibitors such as vincristine.

Combination therapy of cyclophosphamide with other immunotherapies, such as anti-
4-1BB activating Ab or anti-PD! blocking Ab, resulled in synergistic anticancer effects
(Kim et al. 2009 Mol Cancer Ther 8:469-478; Mkrtichyan et al. 2011 Eur. J. Immunol.
41:2977-2986).

Anti-C10ORF32 blocking mAb is tested in combination with cyclophosphamide in the

syngeneic B16 melanoma model in the C57BL/6 background (as described in Kim ct al.
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2009 Mol Cancer Ther 8:469-478). Briefly, C57BL/6 mice are injected s.c. with 4x10° B16-
F10 melanoma cells. A single ip. injection of cyclophosphamide (150 mg/kg) is
administered on the day of tumor implantation, and five injections of 100pg of the
neutralizing antibody against C1ORF32, 5 d apart beginning on the day of tumor
implantation. To examine the antitumor effects of combination therapy on established
tumors, the combination therapy is given beginning either at day 5 or day 10 after tumor
cells injection. Tumor volumes are measured with an electronic caliper, and effect on tumor
growth is calculated. The therapeutic effect, manifested as inhibition of tumor growlh, is
enhanced upon combination of cyclophosphamide with the blocking antibodies against
CI1ORF32. The [requency of ellector T cells = Tells (CD8+ IFNg+) cells and the ratio of
Teffs and Tregs arc determined in tumor draining lymph nodes and non-draining lymph

nodes.

EXAMPLE 20: ANTI-TUMOR EFFECT OF BLOCKING ANTIBODY AGAINST THE
C10RF32 PROTEIN IN COMBINATION WITH CELLUILLAR TUMOR VACCINES

Therapeutic cancer vaccines ¢nable improved priming of T cells and improved
antigen presentation as agenfts potentiating anti-tumor responses. Among these, are cellular
tumor vaccines that use whole cells or cell lysales either as the source of antigens or as the
platform in which (o deliver the antigens. Dendritic cell (DC)-based vaccines focus on €x
vivo antigen delivery to DCs. Other therapeutic cancer vaccines consist of tumor cells
genetically modified to secrete immune stimulatory cytokines or growth factors, such as
GM-CSF (granulocytec-macrophage colony-stimulating factor) or Flt3-ligand, aim to deliver

tumor antigens in vivo in an immune stimulatory context to endogenous DCs.

Several in vivo studies have shown a potent therapeutic effect of immunecheckpoint
blockade, such as anti-CTLA-4 antibodies, in poorly immunogenic tumors only when
combined with GM-CSF or Flt3-ligand-transduced tumor vaccines, termed Gvax and Fvax,
respectively (van Elsas et al 1999 1. Exp. Med. 190: 355-366; Curran and Allison 2009
Cancer Res. 69: 7747-7755), and that the antibody alone was effective only in the most
immunogenic wmor models in mice. Furthermore, combination ol (wo immunotherapeutic
agenls, such as anti-CTLA4 and anti-PD-1 blocking antibodies. is more effective in
conjuction with therapeutic cancer vaccine, such as Gvax or Fvax (Curran el al 2010 PNAS

107: 4275-4280)
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The effect of C10RF32 neutralizing antibody in combination with tumor cell vaccine,
is tested using irradiated melanoma cells engineered ro secrete GMCSF or Flt3-ligand
(GVAX or FVAX respectively) in the presence or absence of anti-PD-1 blocking antibody
(as described in Curran et al 2010 PNAS 107: 4275-4280). Briefly, mice are injected in the
flank i.d. at day O with 5x10" B16-BL6 cells and treated on days 3, 6, and 9 with 10°
irradiated (150 Gy) gene-modified B16 cells (expressing GMCSF or Fli3-ligand) on the
contralateral flank in combination with intraperitoneal administration of 100ug of anti-
C1ORF32 blocking antibody, with or without 100ug of anti-PD-1 blocking antibody (clone
RMP1-14) or anti-PDL-1 blocking antibody (9G2). Isotype Ig is used as negative control.
Tumor volumes are measured with an electronic caliper, and elfect on tumor growth is
calculated. The therapeutic effect, manifested as inhibition of tumor growth, is enhanced
upon combination of the blocking antibodies against C1ORF32 with the gene modified
tumor cell vaccine. Anti-PD-1 or anti-PDL-1 blocking antibodics further enhance this
effect. The frequency of effector T cells = Teffs (CD8+ IFNg+) cells and the ratio of Teffs

and Tregs are determined in tumor draining lymph nodes and non-draining lymph nodes.

EXAMPLE 21: ANTI-TUMOR EFFECT OF BLOCKING ANTIBODY AGAINST THE
CIORI32 PROTLIN IN COMBINATION WITII RADIOTIIERAPY

Radiotherapy has long been used as anli-cancer therapy because ol its power{ul anti-
proliferative and death-inducing capacities. However, recent preclinical and clinical data
indicate that immunogenic cell death may also be an important consequence of ionizing
radiation, and that localized radiothcrapy can cvoke and/or modulate anti-tumor immunc
responses (Reits et al 2006 J. Exp. Med. 203:1259-1271). Preclinical studies have shown
enhanced therapeutic effects in combined treatment of radiotherapy and immunotherapy,
including blocking antibodies to immune checkpoints such as C'l'LA4 and PD-1, in the
abscnce or presence of an additional immunotherapy such as aclivating anti-4-1BB Abs
(Demaria et al 2005 Clin. Can. Res. 11:728-734; Verbruge et al 2012 Can. Res. 72:3163-
3174).

The combination of blocking anti-C1ORF32 antibodies and radiotherapy will be
assessed using a syngeneic 411 mammary carcinoma cell line in the BALB/c¢ background
(as described in Demaria et al 2005 Clin. Can. Res. 11:728-734). Brielly. 5x10” 4T1 cells
arc injected s.c. in the [lank of BAILB/c mice. Treatment begins when tumors rcach an

average diameter of 5 mm (65mm’” in volume). Animal groups include treatment with each
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modality alone (anti-C1ORF32 or radiotherapy) and with the isotype Ig Control, and
combination of anti-C1ORF32 with radiotherapy, or of Ig Control with radiotherapy.
Radiotherapy is delivered to the primary tumor by one or two fractions (48 hrs interval) of
12Gy. Anti-C10RF32 Ab or Ig control are given i.p. at 200ug, on days 1, 4 and 7 after
radiotherapy. In an additional set of experiments, blocking anti-PD-1 mAb (RMP1-14) and
activating anti-4-1BB mAb (3E1). Tumor volumes are measured with an electronic caliper,
and effect on tumor growth is calculated. The therapeutic effect, manifested as inhibition of
(umor growth, is enhanced upon combination of the blocking antibodies against CIORF32
with radiotherapy. Anti-PD-1 blocking antibodies or anti-4-1BB activating Abs, further
enhance (his ellect. The frequency of ellector T cells = Tells (CD8+ IFNg+) cells and the
ratio of Teffs and Tregs are determined in tumor draining lymph nodcs and non-draining

lymph nodes.

The present invention has been described and embodiments provided relating to
manufacture and selection of desired anti-C1ORF32 antibodies for use in treatment and
diagnosis of cancer. The present invention is now further described by the claims which
follow. Optionally, any of the above embodiments or sub-embodiments described herein

may be combined (o form any suilable combination or sub-combination.



What is claimed is:

l. A monoclonal or polyclonal antibody or an antigen binding fragment thereof comprising
an antigen binding site that binds specifically to any one of the CIORF32 polypeptides
having the sequence of any one of SEQ ID NOs: 14, 1,7, 9-11, 13, 15, 17, 103, and/or
fragments, and/or epitopes thereof, for use in the treatment of cancer, wherein said
antibody or fragment increases interferon-gamma production by T-cells, and wherein
the cancer expresses one or more CIORF32 polypeptides on the cancer cells or in the

immune cells infiltrating cancer cells congregated as a tumor.

2. The antibody or antigen binding fragment of claim 1, comprising an antigen binding site

that binds specifically to any of SEQ ID NOS: 2, 3, 5, 6.

3. The antibody or antigen binding fragment of the above claims, wherein the antibody or

fragment increases immune response against the cancer.

4. The antibody or antigen binding fragment according to any of the above claims, wherein
the antibody is a fully human antibody, chimeric antibody, humanized or primatized

antibody.

5. The antibody or the antigen binding fragment according to any of the above claims,
wherein the antibody is selected from the group consisting of Fab, Fab’, F(ab')2, F(ab"),

F(ab), Fv or scFv fragment and minimal recognition unit.

6. The antibody or the antigen binding fragment according to any of the above claims,
wherein the antibody is coupled to a moiety selected from a drug, a radionuclide, a
fluorophore, an enzyme, a toxin, a therapeutic agent, or a chemotherapeutic agent; and
wherein the moeity is a radioisotope, a metal chelator, an enzyme, a fluorescent

compound, a bioluminescent compound or a chemiluminescent compound.

7. A pharmaceutical composition comprising an antibody or an antigen binding fragment

according to any of the above claims.

8. The antibody, antigen binding fragment or pharmaceutical composition of any of the
above claims, wherein said treatment comprises an additional therapy, wherein the
additional therapy 1is radiation therapy, antibody therapy, chemotherapy,
photodynamic therapy, adoptive T cell therapy, Treg depletion, surgery or combination

therapy with conventional drugs.
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10.

11.

12.

13.

14.

15.

The antibody, antigen binding fragment or pharmaceutical composition of any of the
above claims, wherein said treatment is combined with an additional moiety, wherein
the moiety is selected from the group consisting of immunosuppressants, cytotoxic
drugs, tumor vaccines, antibodies, peptides, pepti-bodies, small molecules,
chemotherapeutic agents, cytotoxic and cytostatic agents, immunological modifiers,
interferons, interleukins, immunostimulatory growth hormones, cytokines, vitamins,
minerals, aromatase inhibitors, RNA1, Histone Deacetylase Inhibitors, and proteasome

inhibitors.

The antibody, antigen binding fragment or pharmaceutical composition of claim 9,
wherein the moiety is selected from the group consisting of bevacizumab, erbitux,
paclitaxel, cisplatin, vinorelbine, docetaxel, gemcitabine, temozolomide, irinotecan,

5FU, carboplatin and folic acid.

The antibody, antigen binding fragment or composition of any of the above claims,
wherein said antibody or fragment inhibits activities elicited by CIORF32, wherein
said antibody or fragment modulates B7 related costimulation, increases T cell
activation, alleviates T-cell suppression, increases cytokine secretion, increases 1L-2
secretion; increases Thl response, decreases Th2 response, promotes cancer epitope
spreading, reduces inhibition of T cell activation, increases T cell response in a
mammal, stimulates antigen-specific memory responses, elicits apoptosis or lysis of
cancer cells, stimulates cytotoxic or cytostatic effect on cancer cells, induces direct
killing of cancer cells, induces complement dependent cytotoxicity and/or antibody

dependent cell-mediated cytotoxicity, and/or has CDC activity.

The antibody, antigen binding fragment or composition of any of the above claims,

wherein said antibody or fragment increases immune response against the cancer.

The antibody, antigen binding fragment or composition of any of the above claims,

wherein said antibody or fragment reduces activity of regulatory T lymphocytes (T-

regs).

The antibody, antigen binding fragment or composition of any of the above claims,

wherein said antibody or fragment inhibits iTreg differentiation.

The antibody, antigen binding fragment or composition of any of the above claims,
administered to a subject simultaneously or sequentially in combination with one or
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more potentiating agents to obtain a therapeutic effect, wherein said one or more
potentiating agents is selected from the group consisting of radiotherapy,
conventional/classical chemotherapy potentiating anti-tumor immune responses,
Targeted therapy potentiating anti-tumor immune responses, Therapeutic agents
targeting Tregs and/or MDSCs, Immunostimulatory antibodies, Therapeutic cancer

vaccines, Adoptive cell transfer.

16. The antibody, antigen binding fragment or composition of claim 15, wherein the
conventional/classical chemotherapy agent is selected from Gemcitabine, Oxaliplatin,
cisplatin, carboplatin, platinum based compounds, Cyclophosphamide,
Anthracyclines, doxorubicin, daunorubicin, Taxanes, paclitaxel, docetaxel,
microtubule inhibitors, vincristine, Folate antagonists, methotrexate, mTOR pathway

inhibitors, temsirolimus and rapamycin, and mitoxantrone.

17. The antibody, antigen binding fragment or composition of claim 15 or 16, wherein the
Targeted therapy agent is selected from histone deacetylase (HDAC) inhibitors,
vorinostat, sodium butyrate and MS-275, Bortezomib, Vemurafenib, JAK2 inhibitors,

tyrosine kinase inhibitors (TKIs) and therapeutic monoclonal antibodies.

18. The antibody, antigen binding fragment or composition of claims 15 to 17, wherein the
Targeted therapy agent is selected from erlotinib, imatinib, sunitinib, sorafenib, anti-

EGFR mADs cetuximab, anatimumab and trastuzumab.

19. The antibody, antigen binding fragment or composition of claims 15 to 18, wherein the
Therapeutic agent targeting immunosuppressive cells Tregs and/or MDSC:s is selected
from antimitotic drugs, cyclophosphamide, gemcitabine, mitoxantrone, fludarabine,
thalidomide, thalidomide derivatives, COX-2 inhibitors, depleting or killing antibodies
that directly target Tregs through recognition of Treg cell surface receptors, anti-CD25
daclizumab, basiliximab, ligand-directed toxins, denileukin diftitox (Ontak) - a fusion
protein of human IL-2 and diphtheria toxin, or LMB-2 — a fusion between an scFv
against CD25 and the pseudomonas exotoxin, antibodies targeting Treg cell surface
receptors, TLR modulators, agents that interfere with the adenosinergic pathway,
ectonucleotidase inhibitors, or inhibitors of the A2A adenosine receptor, TGF-3
inhibitors, chemokine receptor inhibitors, retinoic acid, all-trans retinoic acid (ATRA),
Vitamin D3, phosphodiesterase 5 inhibitors, sildenafil, ROS inhibitors and

nitroaspirin.
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The antibody, antigen binding fragment or composition of claims 15 to 19, wherein the
immunostimulatory antibody is selected from antagonistic antibodies targeting one or
more of CTLA4, PD-1, PDL-1, LAG-3, TIM-3 or BTLA and/or Agonistic antibodies
targeting one or more of CD40, CD137, 0X40, andGITR.

The antibody, antigen binding fragment or composition of claim 20, wherein the
antagonistic antibody is selected from ipilimumab, BMS-936558, MDX-1106, BMS-
936559, MDX-1105 and IMP-321, and/or the agonistic antibodies are selected from
CP-870,893, BMS-663513, Anti-OX40 and TRXS518.

The antibody, antigen binding fragment or composition of claims 15 to 21, wherein the
therapeutic cancer vaccine is selected from exogenous cancer vaccines including
proteins or peptides used to mount an immunogenic response to a tumor antigen,
recombinant virus and bacteria vectors encoding tumor antigens, DNA-based vaccines
encoding tumor antigens, proteins targeted to dendritic cells, dendritic cells, gene

modified tumor cells expressing GM-CSF and/or Flt3-ligand.

The antibody, antigen binding fragment or composition of claims 15 to 21, wherein the

Therapeutic cancer vaccine comprises Dendritic-cell-based vaccines.

A method for diagnosing cancer, comprising detecting in a sample obtained from a
subject any one of the C1ORF32 polypeptides comprised in SEQ ID NOs: 1, 7, 9, 13,
17, 103, and/or their corresponding extracellular domains, selected from the group
consisting of any one of SEQ ID NOs: 10, 14, 11, 15, and/or fragments, and/or
epitopes thereof, and wherein the cancer is selected from the group consisting of
Thyroid Carcinoma, carcinoma of the esophagus, Invasive Ductal breast Carcinoma,
breast comedocarcinoma, breast Medullary Carcinoma Grade 2, ovarian cancer
selected from the group consisting of Serous and Mucinous, Granular cell tumor,
Surface epithelial-stromal tumor (Adenocarcinoma), cystadenocarcinoma and
Endometrioid tumor; kidney cancer selected from the group consisting of Clear cell
carcinoma, Chromophobe adenoma, and sarcomatoides carcinoma; prostate
adenocarcinoma having a Gleason score of 5 or higher, stage I to III prostate
adenocarcinoma, Benign prostatic hyperplasia, stage II and III hepatocellular
carcinoma, malignant hepatoma, fibrolamellar hepatocellular carcinoma,
pseudoglandular (adenoid) hepatocellular carcinoma, pleomorphic (giant cell)

hepatocellular carcinoma, clear cell HCC, Cholangiocarcinoma, pancreas cancer
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selected from Ductal and Mucinous Adenocarcinoma, Islet cell carcinoma, familial
atypical multiple mole melanoma-pancreatic cancer syndrome (FAMMM-PC),
Exocrine pancreas cancers, ductal adenocarcinoma, denosquamous carcinomas,
signet ring cell carcinomas, hepatoid carcinomas, colloid carcinomas,
undifferentiated carcinomas, and undifferentiated carcinomas with osteoclast-like
giant cells, Low- to intermediate-grade neuroendocrine carcinomas and pancreatic
carcinoid tumors, stage IV malignant melanoma, Lentigo maligna melanoma,
Superficial spreading melanoma, Acral lentiginous melanoma, Mucosal melanoma,
Nodular melanoma, Polypoid melanoma, Desmoplastic melanoma, Amelanotic
melanoma, Soft-tissue melanoma, Osteogenic sarcoma, Chondrosarcoma,
Leiomyosarcoma, Angiosarcoma, Askin's Tumor, Ewing's sarcoma, Kaposi's
sarcoma, Liposarcoma, Malignant fibrous histiocytoma, Rhabdomyosarcoma,
Neurofibrosarcoma, Hodgkin's lymphoma, B-cell Lymphoma, Mantle cell lymphoma
(MCL), T-cell Lymphoma, Endometroid Adenocarcinoma, Bladder Transitional Cell
carcinoma, Small Cell Lung Cancer, Non Small Cell Lung Cancer, Large-cell lung
carcinoma, testicular seminoma, moderate to poorly differentiated Colo-rectal
adenocarcinoma, and spinal cord tumor; wherein the detection is conducted by
immunoassay, wherein the detection is conducted using the antibody or antigen

binding fragment according to at least one of the preceding claims.

25. The method as claimed in claim 24, wherein said Thyroid Carcinoma is selected from
one or more of Thyroid Papillary Carcinoma, Thyroid Follicular Carcinoma
(preferably stage II and III), incidental papillary carcinoma (IPC), Medullary thyroid
cancer, Anaplastic thyroid cancer; or wherein said carcinoma of the esophagus is a
squamous cell carcinoma of the esophagus; or wherein said Invasive Ductal Carcinoma
is selected from stage II to IV and/or poorly differentiated Invasive Ductal Carcinoma,
and/or wherein said Medullary Carcinoma is Grade 2 Medullary Carcinoma; or
wherein said Serous and Mucinous ovarian carcinoma is selected from stages Ic to I1Ib
Serous and Mucinous ovarian carcinoma; or wherein said kidney Clear cell carcinoma
is selected from stage I to II renal Clear cell carcinoma; or wherein said hepatocellular
carcinoma is selected from stage II and III hepatocellular carcinoma; or wherein said
Hodgkin's lymphoma is selected from Nodular sclerosing, Mixed-cellularity subtype,
Lymphocyte-rich or Lymphocytic predominance, Lymphocyte depleted and
Unspecified; or wherein said B-cell Lymphoma is selected from the group consisting

of Diffuse large B cell lymphoma, Follicular lymphoma, Mucosa-Associated
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Lymphatic Tissue lymphoma (MALT), Small cell lymphocytic lymphoma, Burkitt
lymphoma, Mediastinal large B cell lymphoma, Waldenstrom macroglobulinemia,
Nodal marginal zone B cell lymphoma (NMZL), Splenic marginal zone lymphoma
(SMZL), Intravascular large B-cell lymphoma, Primary effusion lymphoma,
Lymphomatoid granulomatosis; or wherein said T-cell Lymphoma is selected from the
group consisting of Extranodal T cell lymphoma, Cutaneous T cell lymphomas: Sézary
syndrome and Mycosis fungoides, Anaplastic large cell lymphoma, and
Angioimmunoblastic T cell lymphoma; or wherein said Endometroid Adenocarcinoma
is selected from stage I to Illc Endometroid Adenocarcinoma; or wherein said bladder
Transitional Cell carcinoma is selected from stage II to IV Transitional Cell carcinoma;
or wherein said Small Cell Lung Cancer is selected from stage I to IlIb Small Cell
Lung Cancer, and/or wherein said Non Small Cell Lung Cancer is selected from poorly

to moderately differentiated squamous and adeno carcinoma.
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