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Abstract:

Agents that bind HVEM, inhibit HYEM-BTLA interaction and activate downstream HVEM
signaling are provided. Methods of treating disease with those agents and kits comprising those
agents are also provided.
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ANTI-HVEM ANTIBODIES AND USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of priority of U.S. Provisional Patent Application
No. 62/965,921, filed January 26, 2020 and U.S. Provisional Patent Application No.
62/839,841, filed April 29, 2019 the contents of which are all incorporated herein by

reference in their entirety.

FIELD OF INVENTION

[002] The present invention is in the field of immunotherapy.

BACKGROUND OF THE INVENTION

[003] Immunotherapies designed to enhance an immune response are considered activating
immunotherapies and are at the forefront of cancer treatment. Currently, immune checkpoint
blockade therapy is successfully being used for treatment of advanced non-small cell lung
cancers (NSCLC), metastatic melanoma and advanced renal cell carcinoma (RCC). A few
such drugs, developed and manufactured by different companies, have shown great promise
in different cancer types and have been FDA approved, including antibodies to the immune
checkpoints programmed cell death protein 1 receptor (PD1), programmed cell death protein
1 ligand (PDL1) and cytotoxic T lymphocyte-associated protein 4 (CTLA-4). Patient
response rate, however, is still not optimal, as only 10% - 40% of treated patients usually
benefit, and at the same time patients may suffer from Post Immunotherapy Treatments Side-
Effects. In addition, treatment with these agents, may induce resistance through upregulation
of additional immune checkpoints. Combination of anti-PD1 and anti-CTLA-4 therapy in
melanoma patients has demonstrated higher response rate (60%) as compared to single
agent, however this combination therapy involves also severe treatment-related adverse

effects. Thus, there is a clear need for new antitumor immune activating agents.

[004] Herpesvirus entry mediator (HVEM) is a protein found on the surface of various cell
types, including hematopoietic and non-hematopoietic cells. HVEM acts as a receptor for

canonical TNF-related ligands such as LIGHT and LTa, thus acting as a signaling receptor.
1
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However, it also acts as a ligand for immunoglobulin (Ig) superfamily molecules such as
inhibitory receptors BTLA and CD160. Therefore, bidirectional signaling is possible for the
HVEM-mediated signaling network, which can be involved in positive or negative
immunological reactions under different contexts. Dysregulation of this network is involved
in the pathogenesis of avtoimmune diseases, inflammatory diseases as well as cancer,

making HVEM a target for immunotherapy.

SUMMARY OF THE INVENTION

[005] The present invention provides agents that bind HVEM, inhibit HVEM-BTLA
interaction, inhibit downstream BTLA signaling and activate downstream HVEM signaling.
Methods of treating disease with those agents and kits comprising those agents are also

provided.

[006] According to a first aspect, there is provided an agent that specifically binds to
Herpesvirus entry mediator (HVEM) on a cell,

a. inhibits interaction between the HVEM and B- and T-lymphocyte
attenuator (BTLA); and
b. activates downstream signaling through the HVEM within the cell.

[007] According to another aspect .there is provided an antibody or antigen binding
fragment thereof comprises three heavy chain CDRs (CDR-H) and three light chain CDRs
(CDR-L), wherein: CDR-H1 comprises the amino acid sequence set forth in SEQ ID NO: 1
(SYAMS), CDR-H2 comprises the amino acid sequence as set forth in SEQ ID NO: 2
(AISGSGGSTYYADSVKG), CDR-H3 comprises the amino acid sequence as set forth in
SEQID NO: 3 (APGDYTAYFDY), CDR-L1 comprises the amino acid sequence as set forth
in SEQ ID NO: 4 (RASQSVSSYLA), CDR-L2 comprises the amino acid sequence as set
forth in SEQ ID NO: 5 (GASSRAT), and CDR-L3 comprises the amino acid sequence as
set forth in SEQ ID NO: 6 (QQYGSSPPYT).

[008] According to another aspect, there is provided a pharmaceutical composition
comprising an agent of the invention, or an antibody or antigen binding fragment thereof of

the invention and a pharmaceutically acceptable carrier, excipient or adjuvant.

[009] According (0 another aspect, there is provided a method of treating a disease or
condition characterized by HVEM positive cells, the method comprising administering the

pharmacentical composition of the invention, thereby treating the disease or condition.

2
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[010] According to another aspect, there is provided a method of treating an HVEM

positive disease or condition, the method comprising:

a. inhibiting HVEM and BTLA interaction; and

b. activating HVEM signaling in an immune cell, a disease cell or both;

thereby treating an HVEM positive disease or condition.
[011] According to another aspect, there is provided a method of determining suitability of
a subject to be treated by a method of the invention, comprising obtaining a disease sample
from the subject and determining HVEM levels in the sample, wherein positive expression

of HVEM indicates the subject is suitable for a method of treatment of the invention.

[012] According to another aspect, there is provided a method of detecting HVEM in a
sample, the method comprising contacting the sample with an agent of the invention, or an

antibody or antigen binding fragment thereof of the invention, thereby detecting HVEM.

[013] According to another aspect, there is provided a kit comprising. the pharmaceutical

composition of the invention and at least one of:

a. an anti-PD-1/PD-L1 based immunotherapy;
b. alabel stating the pharmaceutical composition of the invention is for use with
an anti-PD-1/PD-L1 based immunotherapy; and
c. a secondary detection molecule for detecting an agent of the invention, or an
antibody or antigen binding fragment thereof of the invention.
[014] According to some embodiments, the agent does not substantially inhibit interaction

between the HVEM and tumor necrosis factor superfamily member 14 {TNESF14).

[015] According to some embodiments, the agent inhibits interaction between the HVEM

and CD160, lymphotoxin alpha (LTa) or both.

[016] According to some embodiments, the agent does not directly induce apoptosis of a

cell expressing HVEM upon binding to the HVEM expressed by the cell.

[017] According to some embodiments, the agent is an antibody or antigen binding

fragment thereof.

[018] According to some embodiments, the agent of the invention comprises an IgG2, IsG4

or a modified IgG1 or Ig(G3 that is not cytotoxic to the cell.

[019] According to some embodiments, the agent is a single chain antibody (scFv).
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[020] According to some embodiments, the downstream signaling through HVEM
comprises nuclear factor kappa-light-chain enhancer of activated B cells (NF-kB) mediated

transcription.

[021] According to some embodiments, the downstream signaling through HVEM

comprises increased cytotoxicity of an immune cell expressing the HVEM.

[022] According to some embodiments, the increased cytotoxicity comprises increased

secretion of a proinflammatory cytokine.

[023] According to some embodiments, the cell is an immune cell, and the signaling

induces immune activation.

[024] According to some embodiments, the immune cell is a tumor infiltrating lymphocyte

(TIL) or a peripheral blood mononuclear cell (PBMC).

[025] According to some embodiments, the cell is a cancer cell, and the signaling

comprises an anti-tumor effect.

[026] According to some embodiments, the agent of the invention for use in treating a

disease characterized by disease cells expressing HVEM.

[027] According to some embodiments, the disease is an HVEM positive cancer or

precancerous lesion.

[028] According (o some embodiments, the HVEM positive cancer is selected from
melanoma, renal cancer, cervical cancer, prostate cancer, pancreatic cancer, lung cancer,

ovarian cancer, colon cancer, breast cancer and head and neck cancer.

[029] According to some embodiments, the disease is an infectious disease and wherein

the infected cells comprise HVEM expression.

[030] According to some embodiments, the antibody or antigen binding fragment thereof
comprises three heavy chain CDRs (CDR-H) and three light chain CDRs (CDR-L), wherein:
CDR-H1 comprises the amino acid sequence set forth in SEQ ID NO: 1 (SYAMS), CDR-
H2 comprises the amino acid sequence as set forth in SEQ ID NO: 2
(AISGSGGSTYYADSVKG), CDR-H3 comprises the amino acid sequence as set forth in
SEQID NO: 3 (APGDYTAYFDY), CDR-L1 comprises the amino acid sequence as set forth
in SEQ ID NO: 4 (RASQSVSSYLA), CDR-L2 comprises the amino acid sequence as set
forth in SEQ ID NO: 5 (GASSRAT), and CDR-L3 comprises the amino acid sequence as
set forth in SEQ ID NO: 6 (QQYGSSPPYT).
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[031] According to some embodiments, the agent of the invention comprises a heavy chain
comprising the sequence
QVQLVQSGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGS
GGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKAPGDYTAYFD
YWGQGTLVTVSS (SEQ ID NO: 7).

[032] According to some embodiments, the agent of the invention comprises a light chain
comprising the sequence
ELVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYGASSRAT
GIPDRFSGSGSGTDFTLTISRLEPEDFAVY YCQQYGSSPPYTFGQGTKVEIK (SEQ ID
NO: 8).

[033] According to some embodiments, the agent of the invention comprises a heavy chain
comprising the sequence
MGWSCHLFLVATATGVHSQVQLVQSGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDT
AVYYCAKAPGDYTAYFDYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVELFPPKPKDTLMISRTPEY
TCVVVDVSQEDPEVQFNWY VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFEF
SCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO: 9) and a light chain comprising the
sequence
MGWSCIHLFLVATATGVHSELVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQ
QKPGQAPRLLIYGASSRATGIPDRFSGSGSGTDFTILTISRLEPEDFAVYYCQQYGSS
PPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSP
VTKSFNRGEC (SEQ ID NO: 10).

[034] According to some embodiments, the antibody or antigen binding fragment of the
invention comprises a heavy chain comprising the sequence
QVQLVQSGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW VSAISGS
GGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKAPGDYTAYFD
YWGQGTLVTVSS (SEQ ID NO: 7).
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[035] According to some embodiments, the antibody or antigen binding fragment of the
invention comprises a light chain comprising the sequence
ELVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYGASSRAT
GIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPPYTFGQGTKVEIK (SEQ ID
NO: 8).

[036] According to some embodiments, the antibody or antigen binding fragment of the
invention comprises a heavy chain comprising the sequence
MGWSCIHLFLVATATGVHSQVQLVQSGGGLVQPGGSLRLSCAASGFTESSYAMSW
VRQAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDT
AVYYCAKAPGDYTAYFDYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSQEDPEVOQFNWY VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGOQPREPQVYTLPPSQEEMTKNQVSLTCL
VKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVF
SCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO: 9) and a light chain comprising the
sequence
MGWSCIILFLVATATGVHSELVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQ
QKPGQAPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSS
PPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSP
VTKSFNRGEC (SEQ 1D NO: 10).

[037] According to some embodiments, the method of the invention further comprises

administering an anti-PD-1/PD-L1 based immunotherapy.

[038] According to some embodiments, the method of the invention further comprises

administering adoptive cell therapy.

[039] According to some embodiments, the adoptive cell therapy comprises adoptive TIL

therapy.

[040] According to some embodiments, the adoptive cell therapy comprises administering
a chimeric antigen receptor (CAR) expressing immune cell, wherein the CAR targets a non-

HVEM protein on a surface of the HVEM expressing cells.

[041] According to some embodiments, the method of the invention further comprises

inhibiting PD-1 and PD-L1 interaction.
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[042] According to some embodiments, the method of the invention further comprises not

substantially inhibiting HVEM and TNFSF14 interaction.

[043] According to some embodiments, the disease or condition is an HVEM positive

cancer or precancerous lesion.

[044] According to some embodiments, the HVEM positive cancer is selected from

melanoma and renal cell carcinoma.

[045] According to some embodiments, the disease or condition is an infectious disease

and wherein the infected cells comprise HVEM expression.
[046] According to some embodiments, the immune cell is a TIL or PBMC.
[047] According to some embodiments, the immune cell is a CAR-T cell.

[048] According to some embodiments, the method of the invention comprises

administering the pharmaceutical composition of the invention.

[049] According to some embodiments, positive expression of HVEM comprises an

elevated HVEM level as compared to a healthy sample or predetermined threshold.

[050] Further embodiments and the full scope of applicability of the present invention will
become apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various changes
and modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[051] Figure 1. Binding of lysates containing scFv to CHO-K1 cells overexpressing
HVEM: CHO-KI1 cells overexpressing human HVEM (CHO-K1 hrHVEM), mouse HVEM
(CHO-K1 mrHVEM), cynomolgus HVEM (CHO-K1 ctcHVEM) or empty vector as control
(CHO-K1 empty) were incubated for 1 hour on ice with 5 pg/ml of lysates containing HIS-
tagged scFv1-6 or control lysate followed by staining with anti-HIS APC antibody (R&D
Systems, USA) or isotype control antibody (R&D Systems, USA). Expression was assessed
by flow cytometry using CytoFLEX instrument (Beckman Coulter, USA) and data analysis
using FCS Express 6 software (DeNovo Software, US). Solid black line represents
background staining (i.e. isotype control antibody) of CHO-K 1 empty cells, dotted grey line
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represents specific antibody staining of CHO-K1 empty cells, dotted black line represents
specific antibody staining of CHO-K1 hrHVEM cells, solid grey line represents specific
antibody staining of CHO-K1 mrHVEM cells and dashed black line represents specific
antibody staining of CHO-K1 ctHVEM cells.

[052] Figures 2A-2B. Bar graphs of hrHVEM binding-ELISA to (2A) hrBTLA and (2B)
hrLIGHT in the presence of the six scFvs.

[053] Figure 3. SDS-PAGE and Western Blot analysis of scFv2-1gG4 (8228P): Purified
protein was analyzed by SDS-PAGE (left panel) and western blot (right panel) to measure
molecular weight and purity. Lanes M1 and M2 indicates protein marker. Lane 1 and 2
indicate reducing and non-reducing conditions, respectively. Lane P indicate human IgG1-k

as positive control.

[054] Figures 4A-4B. (4A) Bar graph of mAb of the invention binding to hrHVEM as
measured by ELISA. (4B) Histograms of binding of the mAb of the invention or hlgG4
isotype control antibody to hfHVEM, mrHVEM and ¢ctHVEM. expressed on CHO-K1 cells.
Solid black and grey lines represent background staining (i.e., secondary anti-Biotin FITC
antibody) of hIgG4 isotype control antibody and the mAb of the invention, respectively.
Dotted grey and dashed black lines represent specific antibody staining (i.e., anti-human IgG
Fc Biotin antibody + anti-biotin FITC antibody) of hlg(G4 isotype control antibody and the
mADb of the invention, respectively.

[055] Figures SA-5F. (5A) Micrographs of HVEM staining on healthy human colon and
spleen tissue samples using the mAb of the invention. (5B) Histograms of binding of a
commercially available anti-HVEM antibody (R&D Systems AF356) to two different
melanoma patient primary cell samples. Solid black and grey lines represent background
staining (i.e, secondary anti-mouse APC antibody) and specific antibody staining,
respectively. (5C) Histograms of binding of the mAb of the invention to three different
melanoma patient primary cell samples. Solid and dashed lines represent background
staining (i.e. secondary anti-Biotin FITC antibody) and specific antibody staining (i.e. anti-
human IgG Fc Biotin antibody + anti-biotin FITC antibody), respectively. (5D) Histogram
of the same staining as in 5B but on cells from a renal cell carcinoma (RCC) patient. (SE)
Histogram of the same staining as in 5C, but on cells from the RCC patient. (5F) Table of
HVEM expression in various healthy and tumor samples as determined using the mAb of

the invention. “NA”: “not applicable” as the tissue core was absent/destroyed.
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[056] Figures 6A-6D. Bar graphs of hrHVEM binding-ELISA to (6A) hrBTLA and (6B)
hrLIGHT in the presence of the mAb of the invention or hlgG4 isotype control antibody,
(6C) to commercially available anti-HVEM mAb (R&D Systems, MAB356), and (6D)
hrBTLA in the presence of MAB356 or mIgG1 isotype control antibody.

[057] Figure 7. Bar graphs of luciferase output from Jurkat cells expressing hrHVEM and
an NF-kB luciferase reporter after pre-incubation with the mAb of the invention (left) and a
control hIgG4 (right) followed by coincubation with empty CHO-K1 cells, CHO-K1 cells
expressing hrBTLA and no cells.

[058] Figure 8. Bar graphs showing IFNy secretion by TILs post co-culture with melanoma
cells from two separate patients pre-incubated with the mAb of the invention or hlgG4

isotype control.

[059] Figures 9A-9E. (9A-B). Line graphs of specific killing of melanoma cells from (9A)
a first primary patient sample, (9B) a second primary patient sample and of (9C) RCC cell
from a primary patient sample at various time points during coincubation with autologous
TILs. Black circle, white square, black triangle and black diamond lines represent incubation
with hlgG4 isotype control antibody, mAb of the invention. anti-PDD1 mAb or mAb of the
invention+anti-PD1 mAb, respectively. (9D-E) Line graphs of specific killing of melanoma
cells from a primary patient sample preincubated with (9D) the mAb of the invention or (9E)
MAB356 at various time points during coincubation with autologous TILs. Black circle and

while square represent incubation with isotype control antibody and mAb, respectively.

[060] Figures 10A-10B. (10A) Line graph of specific killing of melanoma cells from a
primary patient sample at various time points during coincubation with non-autologous
PBMCs from a healthy donor. Black circles represent hlgG4 isotype control antibody and
white squares represent mAb of the invention. (10B) Bar graph of IFNy secretion from
PBMCs cultured alone or with melanoma cells incubated with a hIgG4 isotype control
antibody, or the mAb of the invention.

[061] Figure 11. Bar charts showing the percent of Caspase 3/7 positive events from total
number of melanoma cells after 15 hours incubation, reflecting apoptosis of melanoma cells
from two primary samples incubated with the mAb of the invention and a hlgG4 isotype

control.

[062] Figures 12A-12D, (12A) Histogram of 41BB FACS staining in T cells as a measure
of activation. Thick solid black line represent background staining (i.e., APC-conjugated

isotype control antibody), dotted black line represents 41 BB staining of TILs incubated with

9
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media containing hlgG4 isotype control, thin solid black line represents 41BB staining of
TILs incubated with media containing the mAb of the invention, dotted grey line represents
41BB staining of TILs incubated with melanoma cells pre-incubated with hIgG4 isotype
control and thin solid grey line represents 41BB staining of TILs incubated with melanoma
cell pre-incubated with the mAb of the invention. {12B-C) Bar graphs of the average number
of T-cell clusters observed after TILs from melanoma patients were incubated for 20 hours
with the (12B) mAb of the invention or hIgG4 isotype control antibody and (12C) MAB356
or mlgG1 isotype control. (12D) Expression of 41BB on PBMCs cultured with melanoma
cells pre-incubated with hIgG4 isotype control or with the mAb of the invention, as measured

by microscopy at various time points.

[063] Figure 13. Table of cytokine secretion after cytokine release assay with the mAb of

the invention and two commercially available antibodies.

[064] Figure 14, Line graphs of mean tumor volume from various time points in mice
implanted with human melanoma cells and treated with human autologous TILs. Black
circle, white square, black triangle and black diamond lines represent incubation with hlgG4
isotype control antibody, mAb of the invention, anti-PD1 mAb or mAb of the
invention+anti-PD1 mAb, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[065] The present invention, in some embodiments, provides agents that bind HVEM,
inhibit HVEM-BTLA interaction and are also agonists of HVEM. The present invention
further concerns methods of treating HVEM positive disease and kits comprising these

agents.

[066] It is well known that HVEM positive cancers can avoid immune surveillance by
binding BTLA on the surface of immune cells. Engagement of BTLA produces an inhibitory
signal within the immune cell, which reduces T cell proliferation and increases cancer
survival. Inhibiting this signaling with antibodies that bind HVEM or antibodies that bind
BTLA is known. The present invention is based on the surprising finding that antibodies that
specifically bind HVEM and activate HVEM signaling provide another benefit to fighting
cancer: increased immune cell activation. HVEM is also expressed on the surface of immune
cells however, its role there is poorly understood. The antibody of the invention not only
blocks the HVEM-BTLA interaction by binding HVEM on pathogenic cells thus freeing
immune cells from inhibition, but it also binds HVEM on immune cells and induces NF-kB

signaling in those immune cells which enhances activation characteristics.

10
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[067] By a first aspect, there is provided an agent that binds to Herpesvirus entry mediator
(HVEM), inhibits interaction between HVEM and B- and T-lymphocyte attenuator (BTLA).

[068] Insome embodiments, the agent activates downstream signaling through the HVEM.
In some embodiments, the agent inhibits downstream signaling through the BTLA. In some
embodiments, the agent activates downstream signaling through the HVEM and inhibits
downstream signaling through the BTLA. In some embodiments, inhibiting interaction
between the HVEM and BTLA inhibits downstream signaling through the BTLA.

[069] Insome embodiments, HVEM is mammalian HVEM. In some embodiments, HVEM
is rodent HVEM. In some embodiments, HVEM is monkey HVEM. In some embodiments,
HVEM is human HVEM. In some embodiments, HVEM is any one of mouse, monkey and
human HVEM. In some embodimentis, HVEM is membrane bound HVEM. In some
embodiments, HVEM i1s HVEM on a cell. In some embodiments, HVEM i1s HVEM on a cell
surface. In some embodiments, HVEM is soluble HVEM.

[070] In some embodiments, the cell is a pathogenic cell. In some embodiments, the cell is
a cancerous cell. In some embodiments, the cell is a cell of a pathogen. In some
embodiments, the cell is a bacterial cell. In some embodiments, the cell is a fungal cell. In
some embodiments, the cell is a eukaryotic cell infected by a pathogen. In some
embodiments, the cell is a cell infected by a bacterium. In some embodiments, the cell is a
cell infected by a virus. In some embodiments, a pathogen is selected from a bacterium, a

virus and a fungus.

[071] In some embodiments, the cell is an immune cell. In some embodiments, the cell is
a hematopoietic cell. In some embodiments, the immune cell is a T-cell. In some
embodiments, the T-cell is a CD8 positive T-cell. In some embodiments, the T-cell is a
cytotoxic CD8 positive T-cell. In some embodiments, the T-cell is a CD4 positive T-cell. In
some embodiments, the T-cell is a CD4 positive helper T-cell. In some embodiments, the T-
cell is selected from a CD8 positive and a CD4 positive T-cell. In some embodiments, the
T-cell is a CD38 positive T-cell, a CD4 positive T-cell or both. In some embodiments, the
immune cell is a tumor infiltrating lymphocyte (TIL). In some embodiments, the immune
cell is not a peripheral blood immune cell. In some embodiments, the immune cell is a B-
cell. In some embodiments, the immune cell is a natural killer (NK) cell. In some
embodiments, the immune cell is a neutrophil. In some embodiments, the immune cell is a
dendritic cell. In some embodiments, the immune cell 18 a macrophage. In some

embodiments, the immune cell is a myeloid derived suppressor cell (MDSC). In some

11
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embodiments, the cell is selected from a T-cell, a B-cell, an NK cell, a neutrophil, a dendritic
cell, an MDSC and a macrophage. In some embodiments, the cell is selected from a T-cell,

a B—cell, an NK cell, a neutrophil, a dendritic cell, and a macrophage.

[072] In some embodiments, the immune cell is a chimeric antigen receptor (CAR)
expressing immune cell. In some embodiments, the CAR is a CAR-T cell. In some
embodiments, the CAR is a CAR-NK cell. As used herein, the terms "CAR” refers to an
engineered receptor which has specificity for at least one protein of interest (for example a
protein expressed by an HVEM expressing cell) and is grafted onto an immune effector cell
(such as a T cell or NK cell). In some embodiments, the CAR-T cell has the specificity of a
monoclonal antibody grafted onto a T-cell. In some embodiments, the CAR-NK cell has the
specificity of a monoclonal antibody grafted onto a NK-cell. In some embodiments, the T
cell is selected from a cytotoxic T lymphocyte and a regulatory T cell. MART1 is an example
of a target protein co-expressed with HVEM on target cells. In some embodiments, the CAR
targets a protein expressed by the HVEM expressing cells. In some embodiments, the protein
is not HVEM. In some embodiments, the CAR targets a protein on the surface of the HVEM
expressing cells. In some embodiments, the protein is an antibody. In some embodiments,
the CAR targets an antibody. In some embodiments, the CAR targets an antibody of the
invention. In some embodiments, the CAR targets a cytotoxic antibody. In some
embodiments, the CAR targets an antibody constant domain. In some embodiments, the
CAR targets an Fc domain. In some embodiments, the CAR therapy further comprises
administering an antibody that targets the HVEM expressing cells. In some embodiments,

embodiments, the antibody targeted by the CAR is not the antibody of the invention.

[073] CAR-T and CAR-NK cells and their vectors are well known in the art. Such cells
target and are cytotoxic to the protein for which the receptor binds. In some embodiments, a
CAR-T or CAR-NK cell targets at least one cancer protein. In some embodiments, a CAR-

T or CAR-NK cell targets a plurality of cancer proteins.

[074] Construction of CAR-T cells is well known in the art. In one non-limiting example,
a monoclonal antibody to a cancer protein can be made and then a vector coding for the
antibody will be constructed. The vector will also comprise a costimulatory signal region. In
some embodiments, the costimulatory signal region comprises the intracellular domain of a
known T cell or NK cell stiimulatory molecule. In some embodiments, the intracellular
domain is selected from at least one of the following: CD3Z, CD27, CD28, 4-1BB, OX40,
CD30, CD40, PD- 1, ICOS, lymphocyte function-associated antigen- 1 (LFA- 1), CD2, CD
7, LIGHT, NKG2C, B7- H3, and a ligand that specifically binds with CD83. In some
12
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embodiments, the vector also comprises a CD3Z signaling domain. This vector is then

transfected, for example by lentiviral infection, into a T-cell.

[075] In some embodiments, HVEM is Tumor necrosis factor receptor superfamily
member 14 (TNFRSF14). In some embodiments, HVEM is CD270. In some embodiments,
HVEM is a receptor of BTLA. In some embodiments, HVEM is a ligand of BTLA. In some
embodiments, BTLA is CD272. In some embodiments, HVEM is a receptor of Tumor
necrosis factor superfamily member 14 (TNFSF14). In some embodiments, HVEM is a
ligand of TNFSF14. In some embodiments, the TNFSF14 is LIGHT. In some embodiments,
TNFSF14 is CD258. In some embodiments, HVEM is a receptor of CD160. In some
embodiments, HVEM is a ligand of CD160. In some embodiments, HVEM is a receptor of
lymphotoxin alpha (LTa). In some embodiments, HVEM is a ligand of LTa. In some
embodiments, LTa is TNF-J.

[076] In some embodiments, the agent specifically binds to HVEM. In some embodiments,
the agent binds no other protein other than HVEM. In some embodiments, the agent binds
an extracellular domain of HVEM. In some embodiments, the agent binds in a ligand binding
domain of HVEM. In some embodiments, the agent binds in a BTLA binding domain of
HVEM. In some embodiments, the agent occludes a BTLA binding domain of HVEM. In
some embodiments, the agent inhibits interaction between HVEM and BTLA. In some
embodiments, the agent blocks interaction between HVEM and BTLA. In some
embodiments, the agent inhibits HVEM mediated, BTLA induced immune suppression. In
some embodiments, the agent binds HVEM and prohibits the bound HVEM from further
binding BTLA. In some embodiments, the agent inhibits downstream signaling through
BTLA. In some embodiments, the agent reduced downstream signaling through BTLA.

[077] Im some embodiments, the agent does not inhibit interaction between HVEM and
TNFSF14. In some embodiments, the agent inhibits interaction between HVEM and
TNFSF14. In some embodiments, the TNFSF14 is membranal TNFSF14 (mTNFS14). In
some embodiments, the TNFSF14 is soluble TNFSF14 (sTNFES14). In some embodiments,
that agent does not inhibit interaction between HVEM and one of mTNFS14 and sTNFS14
but does inhibit interaction with the other. In some embodiments, that agent does not inhibit
interaction between both of mTNFS14 and sTNFS14 and HVEM. In some embodiments,
inhibition 1s substantial inhibition. In some embodiments, inhibition is at least a 5, 10, 15,
20, 25, 30, 40, 50, 60, 70, 80, 90, 95, 97, 99 or 100% reduction. Each possibility represents
a separate embodiment of the invention. In some embodiments, the agent does not block

interaction between HVEM and TNFESF14. In some embodiments, the agent does not
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substantially block interaction between HVEM and TNFSF14. In some embodiments, the
agent does not block/inhibit TNFSF14 mediated signaling. In some embodiments, the agent
does not block/inhibit TNFSF14 mediated cell survival.

[078] In some embodiments, the agent activates signaling through HVEM. In some
embodiments, the agent is an HVEM agonist. In some embodiments, the agent induces
signaling though HVEM. In some embodiments, signaling through HVEM is HVEM
downstream signaling. In some embodiments, the agent binds HVEM on a cell and
activates/induces HVEM signaling in the cell. In some embodiments, HVEM signaling
comprises activation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kB) signaling. In some embodiments, NF-kB signaling comprises control of genes with an
NF-kB response element in their promoter. In some embodiments, the signaling comprises
increased cytotoxicity of a cell. In some embadiments, the signaling comprises increased
cytotoxicity of a cell expressing HVEM contacted by the agent. In some embodiments,
increased cytotoxicity comprises increased secretion of a proinflammatory cytokine. In some
embodiments, the proinflammatory cytokine is selected from IL-1, IL-1B, IL-4, IL-6, TNFq,
IFNy, MCP1,IL-12, I1.-18, IL-23 and CM-CSF. In some embodiments, the proinflammatory
cytokine is IFNy. In some embodiments, the increase is as compared to a cell not contacted
by the agent of the invention. In some embodiments, the increase is at least a 10, 20, 25, 30,
40, 50, 60, 70, 75, 80, 90, 95, 100, 110, 120, 130, 140, 150, 200, 250, 300, 350, 400, 450, or

500% increase. Each possibility represents a separate embodiment of the invention.

[079] In some embodiments, the cell is an immune cell and the signaling comprises
immune activation. In some embodiments, the immune cell is a lymphocyte. In some
embodiments, the immune cell is a T cell. In some embodiments, the immune cell is a CD3+
T cell. In some embodiments, the immune cell is a CD4+ T cell. In some embodiments, the
immune cell is not a gamma/delta T cell. In some embodiments, the immune cell is a
gamma/delta T cell. In some embodiments, the immune cell is an NK cell. In some
embodiments, activating HVEM signaling comprises activating the immune cell. In some
embodiments, immune activation comprises increased proliferation. In some embodiments,
immune aclivation comprises increased cytotoxicity. In some embodiments, immune
activation comprises increased migration. In some embodiments, immune activation
comprises increased homing. In some embodiments, immune activation comprises increased
cell clustering. In some embodiments, immune activation is T cell activation. In some
embodiments, immune activation comprises an increase in the number of Thl T cells. In

some embodiments, the increase is a relative increase as compared to Th2 T cells. In some
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embodiments, immune activation comprises an increase in CD8+ T cells. In some
embodiments, immune activation comprises a decrease in T regulatory cells. In some
embodiments, immune activation comprises an increase in the expression of a marker
selected from: 41BB, CD69, CD25, CD107a, HLA-DR and secretion of a cytokine. In some
embodiments, the cytokine is a proinflammatory cytokine. In some embodiments, T cell

activation comprises increased T cell clustering.

[080] In some embodiments, cell is a cancerous cell and the signaling comprises an anti-
tumor effect. In some embodiments, the anti-tumor effect comprises increased apoptosis. In
some embodiments, the anti-tumor effect comprises decreased proliferation. In some
embodiments, the anti-tumor effect comprises increased chemotherapeutic sensitivity. In
some ecmbodiments, the anti-tumor effect comprises decrcases motility. In some
embodiments, the anti-tumor effect comprises decreases invasion. In some embodiments,
the anti-tumor effect comprises decreased metastasis. In some embodiments, the anti-tumor
effect comprises decreased self-renewal. In some embodiments, the effect is as compared to
a cancer cell than was not contacted by the agent of the invention. In some embodiments,
the decrease is at least a 10, 20, 25, 30, 40, 50, 60, 70, 75, 80, 90, 95, 97, 99 or 100% decrease.

Each possibility represents a separate embodiment of the invention.

[081] In some embodiments, the agent does not induce apoptosis. In some embodiments,
inducing apoptosis is directly inducing apoptosis. In some embodiments, the agent does not
directly induce apoptosis. As used herein, “direct induction” refers to a result that occurs as
an immediate result of binding of the agent and does not feature downstream signaling within
the bound cell. In some embodiments, the agent is not cytotoxic. In some embodiments, the
agent is not cytotoxic in and of itself. In some embodiments, the agent does not induce
antibody-directed cell cytotoxicity (ADCC). In some embodiments, the agent does not
induce complement dependent cytotoxicity (CDC). In some embodiments, the agent does
not comprise a cytotoxic moiety. In some embodiments, the agent does not induce apoptosis
of a cell expressing HVEM upon binding of the HVEM expressed by the cell. In some
embodiments, the agent does not induce apoptosis via interaction with another cell. In some
embodiments, the agent does not directly induce killing of a cell expressing HVEM. In some
embodiments, the agent does not target a cell for killing. In some embodiments, the agent
does induce indirect apoptosis. In some embodiments, indirect apoptosis is apoptosis
induced by downstream signaling through the HVEM receptor that leads to apoptosis. In
some embodiments, indirect apoptosis is apoptosis that requires signal transduction. In some

embodiments, indirect apoptosis is apoptosis that does not require the involvement of a
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second cell. In some embodiments, the agent does not induce apoptosis in an immune cell.

In some embodiments, the agent induces apoptosis in a cancer cell.

[082] In some embodiments, the agent inhibits interaction between HVEM and CD160. In
some embodiments, the agent inhibits interaction between HVEM and LTa. In some
embodiments, the agent inhibits interaction between HVEM and herpes simplex virus type
1 glycoprotein D (HSV 1-gD). In some embodiments, the agent inhibits interaction between
HVEM and at least two of CD160, HSV1-gD and LTg. In some embodiments, the agent
blocks interaction between HVEM and CD160. In some embodiments, the agent blocks
interaction between HVEM and LTa. In some embodiments, the agent blocks interaction
between HVEM and HSV 1-gD. In some embodiments, the agent blocks interaction between
HVEM and at least two of CD160, HSV1-gD and LTa. In some embodiments, the agent
inhibits/blocks interaction between HVEM and all of CD160, HSV1-gD and LTa. In some
embodiments, the agent does not inhibit or block interaction between HVEM and at least

one of CD160, HSV1-gD and LTa.

[083] In some embodiments, the agent is an antibody or antigen binding fragment thereof.
In some embodiments, the antibody or fragment thereof is a fab fragment. In some
embodiments, the antibody or fragment thereof is a single chain antibody (scFv). In some
embodiments, the antibody or fragment thereof is a single domain antibody. In some
embodiments, the antibody is a human antibody. In some embodiments, the antibody is a
humanized antibody. In some embodiments, the antibody is a monoclonal antibody. In some

embodiments, the antibody is a blocking antibody.

[084] As used herein, the term "antibody" refers to a polypeptide or group of polypeptides
that include at least one binding domain that is formed from the folding of polypeptide
chains having three-dimensional binding spaces with internal surface shapes and charge
distributions complementary to the features of an antigenic determinant of an antigen. An
antibody typically has a tetrameric form, comprising two identical pairs of polypeptide
chains, each pair having one "light" and one "heavy” chain. The variable regions of each
light/heavy chain pair form an antibody binding site. An antibody may be oligoclonal,
polyclonal, monoclonal, chimeric, camelised, CDR-grafted, multi- specific, bi-specific,
catalytic, humanized, fully human, anti- idiotypic and antibodies that can be labeled in
s0luble or bound form as well as fragments, including epitope-binding fragments, variants
or derivatives thereof, either alone or in combination with other amino acid sequences. An
antibody may be from any species. The term antibody also includes binding fragments,
including, but not limited to Fv, Fab, Fab', F(ab")2 single stranded antibody (svFC), dimeric

16



WO 2020/222235 PCT/IL2020/050479

CA 03135536 2021- 10-28

variable region (Diabody) and disulphide-linked variable region (dsFv). In particular,
antibodies include immunoglobulin molecules and immunologically active fragments of
immunoglobulin molecules, i.e., molecules that contain an antigen binding site. Antibody
fragments may or may not be fused to another immunoglobulin domain including but not
limited to, an Fc region or fragment thereof. The skilled artisan will further appreciate that
other fusion products may be gencrated including but not limited to, scFv- Fc fusions,

variable region (e.g., VL and VH)~ Fc fusions and scFv-scFv-Fc fusions.

[085] Immunoglobulin molecules can be of any type (e.g., IgG, IgE, 1gM, IgD, IgA and
IgY), class (e.g., IgGl, 1gG2, 1g(G3, 1gG4, IgAl and IgA?2) or subclass. In some embodiments,
the antibody comprises I1gG2 or IgG4. In some embodiments, the antibody comprises IgG2.
In some embodiments, the antibody comprises IgG4. In some embodiments, the antibody
comprises IgGl. In some embodiments, the antibody comprises IgG3. In some

embodiments, the antibody comprises a modified IgG1 or IgG3 with reduced toxicity.

[086] The basic unit of the naturally occurring antibody structure is a heterotetrameric
glycoprotein complex of about 150,000 Daltons, composed of two identical light (L) chains
and two identical heavy (H) chains, linked together by both noncovalent associations and by
disulfide bonds. Each heavy and light chain also has regularly spaced intra-chain disulfide
bridges. Five human antibody classes (I1gG, IgA, IgM, IgD and IgE) exist, and within these
classes, various subclasses, are recognized based on structural differences, such as the
number of immunoglobulin units in a single antibody molecule, the disulfide bridge structure
of the individual units, and differences in chain length and sequence. The class and subclass

of an antibody is its isotype.

[087] The amino terminal regions of the heavy and light chains are more diverse in
sequence than the carboxy terminal regions, and hence are termed the variable domains. This
part of the antibody structure confers the antigen-binding specificity of the antibody. A heavy
variable (VH) domain and a light variable (VL) domain together form a single antigen-
binding site, thus, the basic immunoglobulin unit has two antigen-binding sites. Particular
amino acid residues are believed to form an interface between the light and heavy chain
variable domains (Chothia et al., J. Mol. Biol. 186, 651-63 (1985); Novotny and Haber,
(1985) Proc. Natl. Acad. Sci. USA 82 4592-4590).

[088] The carboxy terminal portion of the heavy and light chains form the constant domains
i.e. CH1, CH2, CH3, CL. While there is much less diversity in these domains, there are
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differences from one animal species to another, and further, within the same individual there

are several different isotypes of antibody, each having a different function.

[089] The term “framework region™ or “FR” refers to the amino acid residues in the
variable domain of an antibody, which are other than the hypervariable region amino acid
residues as herein defined. The term “hypervariable region” as used herein refers to the
amino acid residues in the variable domain of an antibody, which are responsible for antigen
binding. The hypervariable region comprises amino acid residues from a “complementarity
determining region” or “CDR”, The CDRs are primarily responsible for binding to an
epitope of an antigen. The extent of FRs and CDRs has been precisely defined (see, Kabat
et al.).

[090] Immunoglobulin variable domains can also be analyzed using the IMGT information

system (www:f/imgt. cines.fry) (IMGT®/V-Quest) to identify variable region segments,
including CDRs. See, ¢.g., Brochet, X. et al, Nucl. Acids Res. J6:W503-508 (2008).

[091] As used herein, the term “humanized antibody” refers to an antibody from a non-
human species whose protein sequences have been modified to increase similarity to human
antibodies. A humanized antibody may be produced by production of recombinant DNA
coding for the CDRs of the non-human antibody surrounded by sequences that resemble a
human antibody. In some embodiments, the humanized antibody is a chimeric antibody. In
some embodiments, humanizing comprises insertion of the CDRs of the invention into a
human antibody scaffold or backbone. Humanized antibodies are well known in the art and

any method of producing them that retains the CDRs of the invention may be employed.

[092] The term "monoclonal antibody" or “mAb”™ as used herein refers to an antibody
obtained from a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical and/or bind the same epitope., except for
possible variants that may arise during production of the monoclonal antibody, such variants
generally being present in minor amounts. In contrast to polyclonal antibody preparations
that typically include different antibodies directed against different determinants (epitopes),
each monoclonal antibody is directed against a single determinant on the antigen. In addition
to their specificity, the monoclonal antibodies are advantageous in that they are
uncontaminated by other immunoglobulins. The modifier "monoclonal” indicates the
character of the antibody as being obtained from a substantially homogeneous population of
antibodies and is not to be construed as produced by any specific preparation method.

Monoclonal antibodies to be used in accordance with the methods provided herein, may be
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made by the hybridoma method first described by Kohler et al, Nature 256:495 {1975), or
may be made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567). The
"monoclonal antibodies” may also be isolated from phage antibody libraries using the
techniques described in Clackson et al, Nature 352:624-628 (1991) and Marks et al, J. Mol.
Biol. 222:581-597 (1991), for example.

[093] The mAb of the present invention may be of any immunoglobulin class including
IgG, 1gM, IgD, IgE or IgA. A hybridoma producing a mAb may be cultivated in vitro or in
vivo. High titers of mAbs can be obtained in vivo production where cells from the individual
hybridomas are injected intraperitoneally into pristine-primed Balb/c mice to produce ascites
fluid containing high concentrations of the desired mAbs. mAbs of isotype IgM or IgG may
be puorified from such ascites fluids, or from culture supematants, using column

chromatography methods well known to those of skill in the art.

[094] "Antibody fragments” comprise a portion of an intact antibody, preferably
comprising the antigen binding region thereo