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CELL COMPOSITIONS AND METHODS FOR
CANCER THERAPY

FIELD OF THE INVENTION

[0001] The present invention 1s directed to the field of
immunotherapy. Specifically, the mvention provides com-
positions and methods providing improved T cell modula-
tion ex vivo and in vivo, useful in the treatment of cancer
and other pathologies.

BACKGROUND OF THE INVENTION

[0002] NK-T-B antigen (NTB-A), also known as signaling
lymphocyte activation molecule family member 6
(SLAMEF6), CD352, Ly-108, SF2000 and KALIL 1s a type 1
transmembrane protein belonging to the SLAM family of
immune cell receptors. SLAM family proteins are members
of the CD2 subgroup of the Ig superfamily. NTB-A 1is
expressed on natural killer (NK), T and B cells and exhibits
homotypic interactions, mediated by recruitment of SLAM
associated protein (SAP) and additional adapter proteins to
the receptor complex.

[0003] NTB-A contains two extracellular immunoglobulin
(Ig)-like domains and three cytoplasmic tyrosine-based sig-
naling motifs, one of which 1s included 1n a classical
immunoreceptor tyrosine-based inhibitory motif. Engage-
ment of NTB-A on human T cells can substitute the CD28
co-stimulatory pathway and induces polarization toward a
Thl phenotype. However, CD4-positive T cells from
NTB-A (Ly-108) knockout mice show impairment 1n IL-4
production, suggesting a role of NTB-A 1n Th2 polarization.
The reason for this discrepancy i1s not fully elucidated.
Activation of NTB-A on human NK cells stimulates cyto-
toxicity and proliferation, as well as IFN-y and TNF-c
production.

[0004] Valdez et al, 2004 teach that NTB-A activates T
cells by homotypic interactions, and specifically enhances
Thl properties. An NTB-A-Fc¢ fusion protein, produced by
fusing the first 226 amino acids of NTB-A to the Fc portion
of murine IgG1, was found to 1nhibit B cell 1sotype switch-
ing, commonly induced by Thl-type cytokines, and inhib-
ited a Thl-dependent autormmune disease (EAE model).
Thus, the reported NTB-A fusion protein was found to act as

an NTB-A antagonist 1n the experimental systems reported
by Valdez et al.

[0005] US 2009/017014 to Valdez et al 1s directed to the
PR0O20080 polypeptide (having an amino acid sequence
corresponding to that of NTB-A), the extracellular portion
thereof, homologs, agonists and antagonists thereof, which
are suggested as putative modulators of 1mmune diseases.
The 014 publication suggests the use of certain 1mmunos-
timulating compounds disclosed therein in immunoadjuvant
therapy for the treatment of cancer.

[0006] Uzana et al., 2012 disclose that NTB-A blockade
on antigen presenting cells (APC) by specific antibodies
inhibited cytokine secretion from CD8+ lymphocytes. While
the publication suggests this molecule as a potential target
for improving anti-cancer immunotherapy, experimental
exploration of the relevance of this approach 1s said to be
warranted, since similar approaches, targeting other co-
stimulatory receptors such as CD28 with agonistic antibod-
1ies, ended up 1n a fatal outcome 1n clinical trials.

[0007] Since NTB-A 1s expressed on certain hematopoi-
etic tumors, vaccination using peptide epitopes derived from
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this molecule has been proposed, to induce an anti-tumor
immune response against tumors aberrantly expressing this
antigen. For example, PCT Pub. No. WO 2006/037421
discloses 338 peptide sequences derived from HLA class 11
molecules of human tumor cell lines, which can be used 1n
vaccine compositions for eliciting anti-tumor immune
responses. Among these sequences 1s a 16 amino acid
peptide corresponding to positions 103-118 of SLAME6. In
addition, targeting these epitopes with antibodies or immu-
notoxin conjugates thereof has been suggested. For instance,
US2011171204 discloses anti-NTB-A antibodies and anti-
gen-binding fragments thereof, and methods of using the
same to bind NTB-A and treat diseases, such as hematologic
malignancies, which are characterized by expression of
NTB-A. Additional antibodies against NTB-A are described,
for example, by Krover et al., 2007. These antibodies
exerted cytotoxic eflects on NTB-A expressing lympho-
cytes, and had no eflect on T cell proliferation or cytokine
secretion.

[0008] EP2083088 discloses a method for treating cancer
in a patient comprising modulating the level of an expres-
sion product of a gene selected from the group consisting of
inter alia SLAME6, wherein the cancer 1s selected from the
group consisting of melanoma, breast cancer, colon cancer,
kidney cancer, liver cancer, lung cancer, ovary cancer,
pancreatic cancer, prostate cancer, uterine cancer, cervical
cancer, bladder cancer, stomach cancer or skin cancer. The
publication discloses that the method 1s usetul for treating a
patient characterized by over-expression of said gene.

[0009] WO 03/008449 relates to NTB-A polypeptides,
nucleic acid molecules encoding the same and uses thereof.
The publication also relates to methods of regulating NK
cells activity by regulating the activity of NTB-A 1n vitro, ex
vivo or 1n vivo, and to methods of screening active com-
pounds using NTB-A or fragments thereof, or nucleic acid
encoding the same, or recombinant host cells expressing
said polypeptide. Further disclosed 1s the use of a compound
that regulates the activity of a NTB-A polypeptide 1n the
preparation of a medicament to regulate an immune function
in a subject.

[0010] X-linked lymphoproliferative disease (XLP) 1s a
rare congenital immunodeficiency that leads to an extreme,
usually fatal increase 1in the number of lymphocytes upon
infection with Epstein-Barr virus (EBV). XLP commonly
results from deficiency of SLAM-associated protein (SAP),
also designated XILP1, caused by mutations in the SH2D1A
gene on chromosome Xq24-25. Accordingly, NTB-A has
been implicated in this pathology, as contributing to the

inability of NK-cells to kill EBV-infected B-cells.

[0011] Snow et al. (2009, 2010) examined the role of
NTB-A and 1ts downstream eflector SAP, 1n the regulation
of restimulation-induced cell death (RICD) of T cells
obtained from healthy donors and XL P patients. The pub-
lications report that in normal donor T cells, NTB-A 1is
positively involved in, and necessary for, TCR-induced
apoptosis. In contrast, in XLP patients this phenomenon 1is
reversed, as NTB-A was found to contribute to RICD
resistance 1 XLP T cells.

[0012] Interleukin-2 1s a critical growth factor for lym-
phocytes 1n culture. In its absence, activated T cells cannot
be maintained and are subjected to activation induced cell
death. Thus, IL-2 1s widely used 1n cell culture, for both
experimental purposes and clinical applications, 1n the
preparation of various cell compositions, vaccines and
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immunotherapies for cancer, autoimmune diseases, and
other immune mediated pathologies.

[0013] IL-2 1s also used as a therapeutic agent 1n vivo. For
example, IL-2 1s licensed by the Food and Drug Adminis-
tration (FDA) for the treatment of kidney cancer, and its
significant therapeutic effects on patients have been reported
in many clinical trials. In clinical trials with patients with
melanoma, IL-2 increased the survival rates of many indi-
viduals, which were higher than the average survival rates
usually obtained with chemotherapy drugs.

[0014] However, 1t has been repeatedly shown that the use
of IL-2 enhances the appearance of regulatory T cells, which
may eventually exert an inhibitory eflect. This 1ssue 1s of
particular relevance when using T cells 1n the climical
context, both 1n vivo for the systemic treatment of patients,
and ex vivo, for the production of lymphocytes for adoptive
cell therapy. A satistactory substitution for IL-2 has not been
found yet.

[0015] In addition, a major difliculty in using exogenous
IL-2 and other exogenous cytokines in vivo 1s their high
toxicity. Side eflects are of considerable magnitude, particu-
larly cardiac symptoms and dysfunctions, septic shock and
tever. This requires intensive care for adverse eflects reme-
diation or control, and may also lead to discontinuation of
treatment.

[0016] There remaimns an unmet medical need {for
improved therapeutic modalities for the management of
cancer. In addition, further means for enhancing the propa-
gation and activation of T cells in culture and for providing
improved cell vaccine compositions are required. Safer,
more elfective therapies, circumventing the drawbacks of
currently used treatment, would thus be desired.

SUMMARY OF THE INVENTION

[0017] The present invention 1s directed to the field of
immunotherapy. Specifically, the mvention provides com-
positions and methods for improved T cell modulation ex
vivo and 1n vivo and for the treatment of cancer and other
pathologies. More specifically, embodiments of the inven-
tion are directed to the use of soluble NTB-A polypeptides
or agonists thereof for the treatment of cancer patients, and
for preventing and treating cytopenia in susceptible patients.
[0018] Advantageous combination therapies are further
provided herein, having enhanced anti-tumor eflects.
According to additional embodiments of the invention,
NTB-A polypeptides or agonists are used in ex vivo cell
culture, providing improved T cell compositions.

[0019] The invention 1s based, in part, on the surprising
discovery that an exogenously added polypeptide corre-
sponding to the extracellular domain of human NTB-A
(NTB-A ectodomain) 1s capable of protecting T cells from
apoptotic cell death. Unexpectedly, the NTB-A ectodomain
rescued CD8" T cells from cell death and restored their
vitality following 1onizing radiation and IL-2 deprivation.
The 1invention 1s further based, in part, on the unexpected
discovery that when co-cultured with cognate melanoma
cells, T cell clones activated by the NTB-A ectodomain
showed 1mproved cytotoxicity, and elevated interferon-
gamma (IFN-y) production and surface CD137 (4-1BB)
expression. In accordance, CD137/, a strong co-stimulatory
receptor, and NTB-A acted in synergy to triple T cell
activation by melanoma cells. In addition, it 1s surprisingly
demonstrated that when supplemented to T cell cultures, the
NTB-A ectodomain gave preference to the growth and
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expansion of anti-tumor lymphocytes with superior activity
and survivability than those achieved using IL-2, the clas-
sical T cell growth factor. The invention further demon-
strates unexpectedly eflective in vivo inhibition of tumor
development, n a mouse model of human melanoma
engraftment.

[0020] Thus, according to a first aspect of the invention,
there 1s provided an improved method for preparing a cell
composition, comprising the step of incubating ex vivoa T
cell contaiming cell population with an effective amount of
an 1solated NTB-A ectodomain or an agonist thereof.
According to certain embodiments, the method further com-
prises providing the cell population with a T cell receptor
(TCR) stimulation.

[0021] According to certain advantageous embodiments,
the cell compositions prepared as described herein may be
used for immunotherapy. Thus, in another aspect, there 1s
provided a method for treating cancer in a subject 1n need
thereof, comprising;:

[0022] 1) obtaining a T cell containing population from
the subject, or from a donor substantially histocompat-
ible with the subject,

[0023] 11) incubating the T cell containing cell popula-
tion ex vivo with an eflective amount of an 1solated
NTB-A ectodomain or an agonist thereof, and

[0024] 111) administering the resulting T cell containing
cell population to said subject, thereby treating cancer
in said subject.

[0025] In one embodiment, the polypeptides used 1n the
methods of the mnvention comprise a human NTB-A ectodo-
main. In another embodiment, the polypeptide consists
essentially of human NTB-A ectodomain. In another
embodiment, the polypeptide consists of human NTB-A
ectodomain. In another embodiment, said polypeptide fur-
ther comprises an epitope tag (e.g. polyhistidine tag) and/or
a serum half-life elongating substance (e.g. PEG or immu-
noglobulin (Ig) fusion partners). Each possibility represents
a separate embodiment of the invention.

[0026] In another embodiment, the use of NTB-A agonists
1s contemplated in the methods of the invention. An agonist
as referred to herein 1s an agent (e.g. antibody, polypeptide
or small molecule) that specifically binds to the target
receptor (e.g. NTB-A) on a target cell, wherein the binding
exerts a biological effect that substantially mimics the bio-
logical eflects exerted via the binding of the receptor with 1ts
cognate ligand (e.g. homotypic NTB-A interactions). Thus,
in another embodiment, the agonist may be an antibody
specific to an NTB-A ectodomain, e.g. human NTB-A
ectodomain.

[0027] The ability to expand antigen- (e.g. tumor-) specific
T cells without damaging their functional capabilities 1s
critical for successtul adoptive transfer immunotherapy of
patients with opportunistic infection or cancer. Antigen-
specific T cells suitable for transfer can only be retrieved
from blood or tissue sites 1n relatively small numbers.
Consequently they usually are expanded specifically or
nonspecifically prior to transfer. Such ex vivo manipula-
tions, however, potentially can damage T cell homing,
proliferation, and survival after infusion.

[0028] While CD4™ cells respond very well to anti-CD3/
CD28 stimulation, CD8" cells proliferate less extensively
with an increased rate of apoptosis. One commonly used
alternative approach for stimulating proliferation 1s the
incubation of T cells with soluble anti-CD3 antibody 1n the
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presence ol Fc receptor-bearing accessory cells (feeder
cells), an approach designated the “Rapid Expansion Pro-
tocol” (REP). Antibody “presented” to T cells 1n this manner
generates a more eflective proliferative signal than soluble
ant1-CD3 alone or ant1-CD3 immobilized on a plastic sur-
face. In the treatment of cancer, adoptive cell therapy
typically involves collecting T cells that are found within the
tumor of the patient (referred to as tumor-infiltrating lym-
phocytes, TIL), which are encouraged to multiply ex vivo
using high concentrations of IL-2, anti-CD3 and allo-reac-
tive feeder cells. These T cells are then transierred back 1nto
the patient along with exogenous administration of IL-2 to
further boost their anti-cancer activity. However, generation
of an autologous TIL adoptive cell therapy product for
re-infusion to the patient 1s technically challenging, and
produces undesired variability, due to the use of IL-2 and
feeder cells. The present invention provides 1n other embodi-
ments improved methods for producing such TIL composi-
tions for adoptive cell therapy.

[0029] In another embodiment, the population comprises
CDS8™ (cytotoxic) T cells (CTL). In another embodiment, the
T cells are CD8™ T cells. In another embodiment, the cells
are genetically engineered or modified (e.g. to exert a
desired antigen specificity or any other desired trait in the
eradication of malignant cells). In another embodiment,
incubation with the NTB-A ectodomain polypeptide or
agonist 1s performed in an amount and under conditions
suflicient to induce or up-regulate activation markers and/or
cytokines associated with T cell activation (e.g. Tcl activa-
tion markers such as IFN-v). Advantageously, the incubation
with the NTB-A ectodomain polypeptide or agonist 1s per-
formed so as to up-regulate CD137 expression on T cells. In
another embodiment, the incubation 1s performed in the
presence of T cell receptor (TCR) stimulation. In other
embodiments, TCR stimulation may be antigen non-specific
(performed, for example, using antibodies specific to CD3
that activate the receptor upon binding, e.g. OK'T3) or
antigen-specific (using suitable antigen presenting cells and
antigen). In another embodiment, incubation 1s performed 1n
the presence of feeder cells (e.g. allogeneic normal donor
peripheral blood mononuclear cells, PBMC). According to
certain advantageous embodiments, TIL compositions for
adoptive cell therapy are prepared with wrradiated PBMC
(incapable of proliferation). In another embodiment, the
incubation 1s performed without the addition of exogenous
IL-2. In another embodiment, the incubation 1s performed
with the addition of exogenous IL-2 ranging from 300-6000
IU/ml. In another embodiment, incubation 1s performed 1n
the presence of exogenous CD137 ligand or an agonist
thereof. In another embodiment, the incubation 1s performed
in the presence of TCR stimulation and feeder cells, and
without the addition of exogenous IL-2.

[0030] In another aspect, there 1s provided a cell compo-
sition prepared by the methods of the invention. In another
embodiment, the cell composition 1s suitable for adoptive
transier 1nto a recipient subject in need thereof. Thus, the
composition may comprise a T cell-containing population 1n

an amount effective for adoptive transfer immunotherapy,
e.g. 10° to 10" cells.

[0031] In another aspect, there 1s provided a method of
treating cancer 1 a subject in need thereof, comprising
administering to the subject a cell composition of the
invention, thereby treating cancer 1n said subject. According
to certain preferable embodiments of the methods of the
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invention, the cell composition 1s histocompatible with the
subject (e.g. autologous cells or MHC II-matched allogeneic

cells).

[0032] In another embodiment, the method further com-
prises administering to the subject a therapeutically effective
amount of an NTB-A ectodomain or an agonist thereof.
Without wishing to be bound by a particular theory or
mechanism of action, the 1n vivo survival of the cells
following adoptive transier to the recipient subject may be
enhanced 1n some embodiments by administration 1n con-
junction (concurrent or sequential) with supplementary
NTB-A ectodomain or agonist thereof.

[0033] In another aspect, there 1s provided a method of
treating cancer in a subject in need thereof, comprising
administering to the subject a therapeutically ellective
amount of an 1solated NTB-A ectodomain or an agonist
thereof, thereby treating cancer in said subject.

[0034] In another embodiment, the subject to be treated by
the methods of the invention 1s afflicted with a tumor
characterized by lack of substantial NTB-A surface expres-
sion. In another embodiment, the tumor 1s a solid tumor. In
another embodiment, the subject 1s afilicted with a tumor
characterized by surface expression of CD137. In another
embodiment, said subject 1s afilicted with a tumor charac-
terized by lack of substantial NTB-A surface expression or
a tumor characterized by surface expression of CD137. In
another embodiment, said subject 1s afflicted with a tumor
selected from the group consisting of: a tumor characterized
by lack of substantial NTB-A surface expression, a solid
tumor and a tumor characterized by surface expression of
CD137. In another embodiment, the cancer 1s selected from
the group consisting of melanoma, urinary tract cancer,
gynecological cancer, head and neck carcinoma, primary
brain tumor, bladder cancer, liver cancer, lung cancer, breast
cancer, ovarian cancer, prostate cancer, cervical cancer,
colon cancer and other cancers of the intestinal tract, bone
malignancies, connective and soit tissue tumors, and skin
cancers. In a particular embodiment, the cancer 1s mela-
noma.

[0035] In another embodiment, the subject 1s a cytopenic
subject, or a subject at risk of developing cytopenia (due to
¢.g. rradiation or chemotherapy). In another embodiment,
the subject 1s afilicted with or at risk of developing lym-

phocytopenia. In another embodiment the subject 1s not
afllicted with X-linked lymphoproliferative disease (XLP).

[0036] The polypeptides of the invention have been dem-
onstrated to be unexpectedly superior to IL-2, 1n producing
safer and more eflective T cell activation. Thus, the use of
IL.-2 may be substantially reduced and even completely
replaced by the polypeptides of the invention. Accordingly,
in another embodiment, the methods of the invention are
aflected without the addition of exogenous IL-2 (in vivo
and/or ex vivo). Thus, 1n another embodiment, IL-2 1s not
exogenously administered to said subject. In another
embodiment, the use of IL-2 may be reduced by at least
50%, at least 60%, at least 70%, at least 80% and preterably
at least 90%.

[0037] In another embodiment, administration or addition
of the NTB-A polypeptides or agonists of the invention may
advantageously be performed 1n combination (concurrent or
sequential ) with administration of a CD137 ligand polypep-
tide or an agonist thereof (such as an anti-CD137/7 antibody).
Non-limitative examples of such anti-CD137 antibodies
which are commercially available or under clinical imnvesti-
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gation include e.g. Bristol Myers Squibb (BMS; Princeton,
N.J.) Catalog Number 663513, fully humanized IgG4 mono-
clonal antibody which may be used e.g. at 10-20 ng/ml, and
R&D Systems Catalog Number AF838 polyclonal goat
anti-4-1BB which may be used e.g. at 20-40 ng/ml.

[0038] In another embodiment, administration or addition
of the NTB-A polypeptides or agonists of the invention may
be performed 1n combination (concurrent or sequential) with
administration of other signaling receptor-targeting reagents
exhibiting a modifying effect on immune cell function.

Examples for such reagents include e.g. antagonists or
inhibitors (such as antibodies) to CTLA-4, PD-1 or PD-L1.

[0039] The polypeptides of the invention were unexpect-
edly demonstrated to rescue T cells from stress-induced cell
death, and promote survival following irradiation or IL-2
deprivation. This 1s particularly surprising in view of the
teachings of Snow et al., suggesting a pro-apoptotic role for
NTB-A 1n 1n vitro models of restimulation-induced apopto-
S18.

[0040] Accordingly, 1n another aspect, the invention 1is
directed to a method of reducing or inhibiting T cell death,
comprising contacting T cells with an effective amount of an
1solated NTB-A ectodomain or an agonist thereof.

[0041] In another embodiment, the contacting i1s per-
formed 1n vitro (e.g. ex vivo). In another embodiment, the
contacting 1s performed 1n vivo. In another embodiment, the
method may be used for reducing or inhibiting T cell death
in a subject sutlering from or at risk of developing cytope-
nia.

[0042] In another aspect, there 1s provided a method of
treating or preventing cytopenia in a subject in need thereof,
comprising administering to the subject a therapeutically
effective amount of an 1solated NTB-A ectodomain or an
agonist thereof, thereby treating or preventing cytopema in
said subject.

[0043] In some embodiments, cytopenia is associated with
radiation or chemotherapy. For example, cytopenia may be
cytopenia associated with high dose chemotherapy, cytope-
nia associated with conventional oncology therapy, drug-
induced cytopenia, toxin-induced cytopenia and radiation-
induced cytopema. According to other embodiments,
cytopenia may be associated with an acquired or congenital
immune deficiency that 1s not associated with impairment 1n
the NTB-A pathway. Thus, XLP patients are explicitly
excluded from these embodiments. For example, the cytope-
nia may be steroid-induced, induced or exacerbated by an
infectious disease (hepatitis, viral disease), or autoimmune-
induced (e.g. by systemic lupus erythematosus). In a par-
ticular embodiment, the method 1s used for the treatment or
prevention of lymphocytopenia.

[0044] In another aspect, there 1s provided a pharmaceu-
tical composition comprising a therapeutic combination of
1) an 1solated NTB-A ectodomain or an agonist thereot, 2)
a polypeptide comprising a CDI137 ligand or an agonist
thereof and optionally 3) a pharmaceutically acceptable
carrietr.

[0045] In another embodiment the combination comprises
human NTB-A ectodomain. In another embodiment the
combination comprises human CD137 ligand. In another

embodiment the agonist 1s an antibody (e.g. NTB-A specific
or CD137 specific).

[0046] According to other aspects, the 1invention 1s
directed to a kit containing a polypeptide comprising an
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NTB-A ectodomain or an agonist thereot, and instructions to
use the polypeptide 1n the methods of the invention.
[0047] Other objects, features and advantages of the pres-
ent invention will become clear from the following descrip-
tion and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1(A-B). seSLAMEF6 (soluble ectodomain of
SLAMEF6) binds to SLAMF6 on tumor infiltrating lympho-
cytes. seSLAMFE6 completely inhibits binding of anti-
SLAME6 antibodies to tumor infiltrating lymphocytes (FIG.
1A), and does not 1nhibit binding of ant1-CD8 and anti-2B4
antibodies to these surface receptors (FIG. 1B).

[0049] FIG. 2(A-C). SLAMEF6 engagement by the soluble
ectodomain (seSLAMEF6) improves survival of activated
human (FIG. 2A) and mouse (FIG. 2B) anti-melanoma T
cells. (FIG. 2C) SLAMF6 engagement by seSLAME6
enhances post-REP survival in human TILs 7 days after the
endpoint of the REP procedure.

[0050] FIG. 3(A-D). SLAMF6 engagement by the soluble
ectodomain (seSLAMF6) improves function of activated

human and mouse anti-melanoma T cells. (FIG. 3A)
SLAMEF6 engagement by seSLAMFE6 improves IFNy pro-

duction by mouse splenocyte; (FIG. 3B-3C) SLAMEF6
engagement by seSLAME6 during rapid expansion (B) and

3-day activation of human TIL (C) improves cytotoxicity
assessed by CDI107a mobilization; (FIG. 3D) SLAMEF6
engagement by seSLAMF6 enhances melanoma cell killing

by human CD8 T cells.

[0051] FIG. 4. SLAMF6 engagement by seSLAME6 up-
regulates expression of activation markers GITR, PD-1,
4-1BB (CD137) and SLAMF4 (2B4) on human TILs that
underwent rapid expansion procedure (REP) supplemented
by seSLAMEF6.

[0052] FIG. 5. SLAMF6 engagement by seSLAME6
expands TILs with the same efliciency of IL-2.

[0053] FIG. 6. SLAME6 engagement by seSLAME6 dur-
ing REP yields a higher percent of melanoma-specific CD8
T cells.

[0054] FIG. 7. Anti-melanoma TILs expanded with seS-

LAMF6 1nhibit melanoma growth in vivo with the same
elliciency as TILs expanded with the standard IL-2 protocol.

DETAILED DESCRIPTION OF THE
INVENTION

[0055] The present invention 1s directed to the field of
immunotherapy. Specifically, the mvention provides com-
positions and methods for improved T cell modulation ex
vivo and 1n vivo and for the treatment of cancer and other
pathologies. More specifically, embodiments of the imven-
tion are directed to the use of soluble NTB-A polypeptides
or agonists thereof for the treatment of cancer patients, and
for preventing and treating cytopema in susceptible patients.

[0056] Advantageous combination therapies are further
provided herein, having enhanced anti-tumor eflects.
According to additional embodiments of the invention,
NTB-A polypeptides or agonists are used 1in ex vivo cell
culture, providing improved lymphocyte preparations.

[0057] Insome embodiments, the compositions and meth-
ods of the invention employ a step comprising incubating ex
vivo a T cell containing cell population with a therapeuti-
cally effective amount of an isolated (e.g. recombinantly
produced) NTB-A ectodomain or an agonist thereof. In other
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embodiments, the methods of the imvention employ a step
comprising administering to a subject 1 need thereof a
therapeutically effective amount of an i1solated (e.g. recom-
binantly produced) NTB-A ectodomain or an agonist
thereol.

[0058] In other embodiments, the mvention relates to a
method for treating cancer in a subject in need thereof,
comprising;

[0059] 1) obtaining a T cell containing population from
the subject, or from a donor substantially histocompat-
ible with said subject,

[0060] 11) incubating the T cell containing cell popula-
tion ex vivo with an eflective amount of an 1solated
NTB-A ectodomain or an agonist thereof, and

[0061] 111) administering the resulting T cell containing
cell population to said subject, thereby treating cancer
in said subject.

[0062] According to other embodiment, the invention
relates to a method of treating cancer 1n a subject in need
thereof, comprising administering to the subject a therapeu-
tically eflective amount of an 1solated NTB-A ectodomain or
an agonist thereof, wherein said subject 1s afilicted with a
tumor selected from the group consisting of: a tumor char-
acterized by lack of substantial NTB-A surface expression,
a solid tumor and a tumor characterized by surface expres-

sion of CD137.

[0063] According to additional embodiments, the inven-
tion relates to a method of reducing or inhibiting T cell
death, comprising contacting T cells with an eflective

amount of an 1solated NTB-A ectodomain or an agonist
thereof.

[0064] According to further embodiments, the imnvention
relates to a method of treating or preventing cytopenia 1n a
subject 1n need thereof, comprising administering to the
subject a therapeutically effective amount of an 1solated
NTB-A ectodomain or an agonist thereol, thereby treating or
preventing cytopenia in said subject.

[0065] According to yet further embodiments, the inven-
tion relates to a method for preparing a cell composition,
comprising incubating a T cell containing cell population ex
vivo with an effective amount of an 1solated NTB-A ectodo-
main or an agonist thereof, and further comprising providing
the cell population with a T cell receptor (TCR) stimulation.

[0066] In yet further embodiments, the invention relates to
a pharmaceutical composition comprising a therapeutic
combination of 1) an 1solated NTB-A ectodomain or an
agonist thereof, 2) a polypeptide comprising CD137 ligand
or an agonist thereof and optionally 3) a pharmaceutically
acceptable carrier.

[0067] Certain particular embodiments of these methods
and compositions are detailed herein below.

[0068] NTB-A Ectodomain and Agonists Thereof

[0069] The term “NTB-A” (or “SLAMEF6”) refers to a
polypeptide having the following structural and functional
properties: 1) an amino acid sequence corresponding to an
art recognized (e.g. naturally occurring) mammalian NTB-A
polypeptide (full length or mature form); 2) ability to
specifically bind with a cell surface expressed endogenous
NTB-A molecule (homotypic binding); and 3) ability to
exert an agonistic NTB-A activity as described herein.
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[0070] Generally, NTB-A 1s comprised of the following
domains 1n the order of N' to C*:

[0071] I. an N-terminal signal peptide;

[0072] II. an extracellular portion (ectodomain), com-
prising two conserved i1mmunoglobulin (Ig)-like
motifs: an N' Ig-like V-type domain (IgV, having a
two-layered [3-sheet structure, with predominantly neu-
tral, albeit polar, front surfaces), and a C' Ig-like
C2-type domain (IgC2, characterized by an overall
3-strand topology and several disulfide bonds);

[0073] III. a helical transmembrane domain; and

[0074] IV. a topological (cytoplasmic) domain, contain-
ing 1mmunoreceptor tyrosine-based switch motifs
(ITSMs), which are docking sites for the SH2 domain
of SLAM-associated protein (SAP) and the related
Ewing’s sarcoma-associated transcript. I'TSM motifs
carry the consensus sequence TxYxxV/I/L that have
overlapping specificity for activating and inhibitory
binding partners.

[0075] For example, in human NTB-A (e.g. accession no.
Q96DU3, 1soform 1), the signal peptide has been 1dentified
to be located at positions 1-21, the ectodomain has been
identified to be located at positions 22-226 (wherein IgV was
located at positions 35-120 and IgC2 at positions 132-209),
the transmembrane domain was located at positions 227-

2477, and the cytoplasmic (intracellular) domain—at posi-
tions 248-331.

[0076] The terms “NTB-A ectodomain” “sNTB-A” and
“seSLAME6”, used interchangeably herein, refer to the
extracellular, surface exposed portion of NTB-A, compris-
ing at least the IgV and the IgC2 domains. Typically and
advantageously, an NTB-A ectodomain used in the methods
and compositions of the ivention substantially excludes
other NTB-A domains as described herein, such as the signal
peptide, the transmembrane domain and the topological
domain. Such an advantageous NTB-A ectodomain poly-
peptide 1s referred to herein as an “i1solated NTB-A ectodo-
main”. An 1solated NTB-A ectodomain 1s typically and
conveniently produced synthetically, e.g. by recombinant
methods as described herein. In other words, while 1solated
NTB-A ectodomain polypeptides may contain residual
NTB-A sequences (e.g. 1-10 and preferably 5 or less amino
acids), they lack any additional NTB-A structures that
function as they would 1n the intact NTB-A polypeptide.
[0077] In particular, the signal peptide 1s advantageously
excluded. As opposed to previous disclosure by Valdez and
others, reporting that a polypeptide comprising the extra-
cellular domain of NTB-A including the preceding signal
peptide 1s characterized by NTB-A antagonistic activity
(Valdez et al., 2004), the present disclosure demonstrates
that an 1solated NTB-A ectodomain lacking the signal pep-
tide or additional sequences exhibit potent NTB-A agonistic
activity, as well as unexpected therapeutically advantageous
properties as described herein.

[0078] As detailed herein, NTB-A homotypic engagement
initiates signal transduction cascades, 1n which SAP asso-
ciation 1s induced or increased and Fyn and Lck are
recruited. These events contribute to the production of a
tight immune synapse and specific T cell activation, and

ortent mTOC formation for precise lytic degranulation.
Engagement of NTB-A by NTB-A ectodomain 1s described
herein to rescue anti-tumor T cells from activation-induced
cell death (AICD) and from 1onizing radiation, improve
interferon gamma (IFN-y) production, enhance surface
CD137 (4-1BB) expression, reverse T cell apoptosis and
enhance tumor cell killing by T cells. Non-limitative
examples of methods for determining these activities are



