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SIRPalpha-4-1BBL VARIANT FUSION PROTEIN AND METHODS
OF USE THEREQOF

RELATED APPLICATION

This application claims the benefit of priority under 35 USC §119(e) of U.S. Provisional
Patent Application No. 62/696,362 filed July 11, 2018, the contents of which are incorporated

herein by reference in their entirety.

SEQUENCE LISTING STATEMENT

The ASCH file, entitled 77794 SequenceListing.txt, created on July 11, 2019, comprising

192,512 bytes, submitted concurrently with the filing of this application is incorporated herein by

reference.

FIEED AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to a SIRPu-4-1BBL variant
fusion protein and methods of use thereof.

Dual Signaling Proteins (DSP), also known as Signal-Converting-Proteins (SCP), which
are currently known in the art as bi-functional fusion proteins that link an extracellular portion of a
type I membrane protein {(extracellular amino-ternunus), to an extraceliular portion of a type Il
membrane protein {(extracellular carboxyl-terminus), forming a fusion protein with two active sides
{see e.g. US Patent Nos. 7,569,663 and 8,039,437).

SIRPa (signal-regulatory protein alpha) is a cell surface receptor of the immunoglobulin
superfamily. STRPu is expressed mainly on the surface of immune cells from the phagocyte lineage
like macrophages and dendritic cells (DC). CD47 1s the ligand of SIRPa. CD47 is a cell surface
molecule in the immunoglobulin superfamily. CD47 functions as an inhibitor of phagocytosis
through ligation of SIRP« expressed on phagocytes. CD47 15 widely expressed on a majority of
normal tissues. In this way, CD47 serves as a “don’t eat me signal” and a marker of self, as loss of
CD47 leads to homeostatic phagocytosis of aged or damaged cells. CD47 has been found to be
expressed on multiple human tumor types. Tumors evade macrophage phagocytosis through the
expression of antiphagocytic signals, including CD47. While CD47 is ubiquitously expressed at
low levels on normal cells, multiple tumors express increased levels of CD47 compared to their
normal cell counterparts and over-expression of CD47 enables tumors to escape innate immune

system survetllance through evasion of phagocytosis.
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4-1BBL is the activating ligand of the 4-1BB receptor (CD137), a member of the TNF

receptor superfamily and a potent activation-induced T cell costimulatory molecule. 4-1BBL
naturally forms a homo-trimer but signaling via 4-1BB requires significant oligomerization of 4-
IBBL. 4-1BBL is present on a variety of antigen presenting cells (APCs), including dendritic cells
(DCs), B cells, and macrophages. The 4-1BB receptor is not detected (<3%) on resting T cells or T
cell lines, however, 4-1BB is stably upregulated when T cells are activated. 4-1BB activation
upregulates survival genes, enhances cell division, induces cytokine production and prevents
activation induced cell death in T-cells.

Additional background art includes:

Weiskopf K et al. Science. (2013); 341(6141):88-91;

International Patent Application Publication No. WO 2017027422;

International Patent Application Publication No. WO 2001086003;

International Patent Application Publication No. WO 2001075067;

International Patent Application Publication No. WO 2017194641,

International Patent Application Publication No. WO 2014180288;

International Patent Application Publication No. W0O2017059168;

International Patent Application Publication No. W02001/049318;

International Patent Application Publication No. W0O2016/139668;

International Patent Application Publication No. W02014/106839;

International Patent Application Publication No. W02012/042480;

US Patent Application Publication No. 20150183881

US Patent Application Publication No. US20070110746;

US Patent Application Publication No. US20070036783; and

US Patent No. US9562087.

SUMMARY

In one aspect, the present disclosure refers to a SIRPa-4-1BBL fusion protein comprising
a SIRPa amino acid sequence and a 4-1BBL amino acid sequence, wherein: (a) said SIRPa,
amino acid sequence is as set forth in SEQ ID NO: 2 and said 4-1BBL amino acid sequence is as
set forth in SEQ ID NO: 23; (b) said SIRPa amino acid sequence is as set forth in SEQ ID NO:
24 and said 4-1BBL amino acid sequence is as set forth in SEQ ID NO: 22; or (c) said SIRPa
amino acid sequence is as set forth in SEQ ID NO: 2 and said 4-1BBL amino acid sequence is as
set forth in SEQ ID NO: 22; and wherein said fusion protein is capable of at least one of:

(1) binding CD47 and 4-1BB;

(i)  activating said 4-1BB signaling pathway in a T cell expressing said 4-1BB;
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(i)  co-stimulating T cells expressing said 4-1BB; and/or

(iv)  enhancing phagocytosis of cancer cells expressing said CD47 by phagocytes
selected from the group consisting of macrophages and granulocytes compared to same in the
absence of said SIRPa-4-1BBL fusion protein.

According to an example, the present disclosure refers to a SIRPa-4-1BBL fusion protein
comprising a SIRPa amino acid sequence and a 4-1BBL amino acid sequence, wherein the SIRPa
amino acid sequence is 100 - 119 amino acids in length having at least 95 % identity to an amino
acid sequence selected from the group consisting of SEQ ID NOs: 24 and 26, and/or wherein the
4-1BBL amino acid sequence:

(a) is 185 - 202 amino acids in length having at least 95 % identity to an amino acid
sequence selected from the group consisting of SEQ ID NOs: 22, 23, 27 and 28, is 170 — 197

amino acids in length having at least 80 % identity to an amino acid sequence selected from the
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group consisting of SEQ ID NO: 74 and 76 and does not comprise an amino acid segment G198-
E205 corresponding to SEQ ID NO: 3, is 170 — 182 amino acids in length having at least 80 %
identity to SEQ ID NO: 72 and does not comprise an amino acid segment A1-E23 corresponding
to SEQ ID NO: 3 or is 184 amino acids in length having at least 80 % identity to SEQ ID NO: 70;
and/or

(b) comprises three repeats of a 4-1BBL amino acid sequence; and wherein the fusion

protein is capable of at least one of:

(1) binding CD47 and 4-1BB;

(i1) activating the 4-1BB signaling pathway in a cell expressing the 4-1BB;

(iii))  co-stimulating immune cells expressing the 4-1BB; and/or

(iv)  enhancing phagocytosis of pathologic cells expressing the CD47 by phagocytes
compared to same in the absence of the SIRPa-4-1BBL fusion protein.

According to an example of the present disclosure there is provided a SIRPa-4-1BBL
fusion protein comprising a SIRPa amino acid sequence and a 4-1BBL amino acid sequence,
wherein the SIRPo amino acid sequence is 100 - 119 amino acids in length having at least 95 %
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 24 and 26,
and/or wherein the 4-1BBL amino acid sequence is 185 - 202 amino acids in length having at least
95 % identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 22,
23, 27 and 28; and wherein the fusion protein is capable of at least one of:

(1) binding CD47 and 4-1BB;

(i)  activating the 4-1BB signaling pathway in a cell expressing the 4-1BB;

(i11))  co-stimulating immune cells expressing the 4-1BB; and/or

(iv)  enhancing phagocytosis of pathologic cells expressing the CD47 by phagocytes
compared to same in the absence of the SIRPa-4-1BBL fusion protein.

According to an example, the present disclosure refers to an isolated polypeptide
comprising a SIRPa amino acid sequence, wherein the SIRPa amino acid sequence is 100 - 119
amino acids in length having at least 95 % identity to an amino acid sequence selected from the
group consisting of SEQ ID NOs: 24 and 26; and wherein the polypeptide is capable of binding
CDA47.

According to an example of the present disclosure there is provided an isolated polypeptide
comprising a 4-1BBL amino acid sequence, wherein the 4-1BBL amino acid sequence is 185 -
202 amino acids in length having at least 95 % identity to an amino acid sequence selected from
the group consisting of SEQ ID NOs: 22, 23, 27 and 28; and wherein the polypeptide is capable

of at least one of:
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@) binding 4-1BB,

(i1) activating the 4-1BB signaling pathway in a cell expressing the 4-1BB; and/or

(i)  co-stimulating immune cells expressing the 4-1BB.

According to some examples of the disclosure, the SIRPa amino acid sequence is at least
115 amino acids in length.

According to some examples of the disclosure, the SIRPa amino acid sequence is 116
amino acids in length.

According to some examples of the disclosure, the SIRPa amino acid sequence comprises
a mutation at an amino acid residue selected from the group consisting of L4, A27, E47 and V92
corresponding to SEQ ID NO: 2.

According to some examples of the disclosure, the mutation is selected from the group
consisting of L4I, A271, E47V and V92I corresponding to SEQ ID NO: 2.

According to some examples of the disclosure, the SIRPa amino acid sequence does not
comprise any of amino acid residues K117 — Y343 corresponding to SEQ ID NO: 2.

According to some examples of the disclosure, the SIRPa amino acid sequence comprises
the SEQ ID NO: 24 or 26.

According to some examples of the disclosure, the SIRPa amino acid sequence consists of
the SEQ ID NO: 24 or 26.

According to some examples of the disclosure, the 4-1BBL amino acid sequence has at
least 95 % identity to an amino acid sequence selected from the group consisting of SEQ ID NO:
22-23.

According to some examples of the disclosure, the 4-1BBL amino acid sequence does not
comprise any of amino acid residues A1 — V6 or Al — G14 corresponding to SEQ ID NO: 3.

According to some examples of the disclosure, the 4-1BBL amino acid sequence comprises
the SEQ ID NO: 22, 23, 27 or 28.

According to some examples of the disclosure, the 4-1BBL amino acid sequence consists
of the SEQ ID NO: 22, 23, 27 or 28.

According to some examples of the disclosure:

@) the SIRPa amino acid sequence is as set forth in SEQ ID NO: 2 or 25 and the 4-
I1BBL amino acid sequence is as set forth in SEQ ID NO: 22, 23, 27 or 28; or

(i1) the SIRPa amino acid sequence is as set forth in SEQ ID NO: 24 or 26 and the 4-
I1BBL amino acid sequence is as set forth in SEQ ID NO: 3, 22, 23, 27 or 28.

According to some examples of the disclosure:
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@) the SIRPa amino acid sequence is as set forth in SEQ ID NO: 2 and the 4-1BBL
amino acid sequence is as set forth in SEQ ID NO: 22 or 23; or
(i)  the SIRPa amino acid sequence is as set forth in SEQ ID NO: 24 and the 4-1BBL.
amino acid sequence is as set forth in SEQ ID NO: 22.
According to some examples of the disclosure, the 4-1BBL amino acid sequence comprises
the SEQ ID NO: 72, 74 or 76.
According to some examples of the disclosure, the 4-1BBL amino acid sequence consists
of the SEQ ID NO: 72, 74 or 76.
According to some examples of the disclosure, the 4-1BBL amino acid sequence comprises
the SEQ ID NO: 70.
According to some examples of the disclosure, the 4-1BBL amino acid sequence consists
of the SEQ ID NO: 70.
According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein comprises
a linker between the SIRPa and the 4-1BBL.
According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein
comprising a linker between each of the three repeats of the 4-1BBL amino acid sequence.
According to some examples of the disclosure, the linker has a length of one to six amino
acids.
According to some examples of the disclosure, the linker is a single amino acid linker.
According to some examples of the disclosure, the linker is glycine.
According to some examples of the disclosure, the linker is not an Fc domain of an antibody
or a fragment thereof.
According to some examples of the disclosure, the linker is an Fc domain of an antibody
or a fragment thereof.
According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein being in
a form of at least a homo-trimer.
According to some examples of the disclosure, the at least homo-trimer is at least 100 kD
in molecular weight as determined by SEC-MALS.
According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein or the
isolated polypeptide being soluble.

According to some examples of the disclosure, the production yield of the fusion protein
is at least 1.5 fold higher than the production yield of SEQ ID NO: 5 under the same production
conditions, the production conditions comprise expression in a mammalian cell and culturing at
32-37°C,5-10 % COzfor 5 - 13 days.
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According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein amino
acid sequence comprises an amino acid sequence having at least 95 % identity to an amino acid
sequence selected from the group consisting of SEQ ID NO: 11, 13, 15, 16, 18-21 and 45-49.

According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein amino
acid sequence comprises an amino acid sequence having at least 95 % identity to an amino acid
sequence selected from the group consisting of SEQ ID NO: 11, 13 and 16.

According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein amino
acid sequence comprises an amino acid sequence selected from the group consisting of SEQ ID
NO: 11, 13, 15, 16, 18-21 and 45-49.

According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein amino
acid sequence comprises an amino acid sequence selected from the group consisting of SEQ ID
NO: 11, 13 and 16.

According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein amino
acid sequence consists of an amino acid sequence selected from the group consisting of SEQ ID
NO: 11, 13, 15, 16, 18-21 and 45-49.

According to some examples of the disclosure, the SIRPa-4-1BBL fusion protein amino
acid sequence consists of an amino acid sequence selected from the group consisting of SEQ ID
NO: 11, 13 and 16.

According to an aspect, the present disclosure refers to a polynucleotide encoding the
SIRPa-4-1BBL fusion protein or the polypeptide as disclosed herein.

According to an example of the present disclosure there is provided a nucleic acid construct
comprising the polynucleotide, and a regulatory element for directing expression of the
polynucleotide in a host cell.

According to some examples of the disclosure, the polynucleotide comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 55 — 66 and 68.

According to some examples of the disclosure, the polynucleotide comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO: 55, 56 and 58.

According to an example of the present disclosure there is provided a host cell comprising
the SIRPa-4-1BBL fusion protein or the polypeptide or the polynucleotide or the nucleic acid
construct. According to an aspect, the present disclosure refers to a host cell comprising the
SIRPa-4-1BBL fusion protein or the polypeptide or the polynucleotide as disclosed herein.

According to an example of the present disclosure there is provided a method of producing
a SIRPa-4-1BBL fusion protein or a polypeptide, the method comprising expressing in a host cell
the polynucleotide or the nucleic acid construct. According to an aspect, the present disclosure
refers to a method of producing a SIRPa-4-1BBL fusion protein or a polypeptide, the method
comprising expressing in a host cell the polynucleotide as disclosed herein.
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According to some examples of the disclosure, the method comprising isolating the fusion
protein or the polypeptide.

According to an example of the present disclosure there is provided a method of treating a
disease that can benefit from activating immune cells comprising administering to a subject in
need thereof the SIRPa-4-1BBL fusion protein or the isolated polypeptide, the polynucleotide or
the nucleic acid construct or the host cell. According to an aspect, the present disclosure refers to
use of the SIRPa-4-1BBL fusion protein, the polynucleotide or the host cell as disclosed herein,
in the manufacture of a medicament for treating cancer.

According to some examples of the disclosure, the method further comprising

administering to the subject a therapeutic agent for treating the disease.

According to an example of the present disclosure there is provided the SIRPa-4-1BBL
fusion protein or the isolated polypeptide, the polynucleotide or the nucleic acid construct or the
host cell, for use in treating a disease that can benefit from activating immune cells.

According to some examples of the disclosure, the composition further comprising a
therapeutic agent for treating the disease.

According to an example of the present disclosure there is provided an article of
manufacture comprising a packaging material packaging a therapeutic agent for treating a disease
that can benefit from activating immune cells; and the SIRPa-4-1BBL fusion protein or the isolated
polypeptide, the polynucleotide or the nucleic acid construct or the host cell.

According to some examples of the disclosure, the cells of the disease express CD47.

According to some examples of the disclosure, the disease comprises a hyper-proliferative
disease.

According to some examples of the disclosure, the hyper-proliferative disease comprises
sclerosis or fibrosis, Idiopathic pulmonary fibrosis, psoriasis, systemic sclerosis/scleroderma,
primary biliary cholangitis, primary sclerosing cholangitis, liver fibrosis, prevention of radiation-
induced pulmonary fibrosis, myelofibrosis or retroperitoneal fibrosis.

According to some examples of the disclosure, the hyper-proliferative disease comprises
cancer.

According to some examples of the disclosure, the cancer is selected from the group
consisting of lymphoma, leukemia and carcinoma.

According to some examples of the disclosure, the disease comprises a disease associated
with immune suppression or medication induced immunosuppression.

According to some examples of the disclosure, the comprises HIV, Measles, influenza,
LCCM, RSV, Human Rhinoviruses, EBV, CMV or Parvo viruses.

According to some examples of the disclosure, the disease comprises an infection.
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According to an example of the present disclosure there is provided a method of activating
immune cells, the method comprising in-vitro activating immune cells in the presence of the
SIRPa-4-1BBL fusion protein or the isolated polypeptide, the polynucleotide or the nucleic acid
construct or the host cell. According to an aspect, the present disclosure refers to an in-vitro method
of activating immune cells, the method comprising in-vitro activating immune cells in the presence
of the SIRPa-4-1BBL fusion protein or the isolated polypeptide, the polynucleotide or the host
cell as disclosed herein.

According to some examples of the disclosure, the activating is in the presence of cells
expressing CD47 or exogenous CD47.

According to some examples of the disclosure, the cells expressing the CD47 comprise
pathologic cells.

According to some examples of the disclosure, the pathologic cells comprise cancer cells.

According to some examples of the disclosure, the activating is in the presence of an anti-
cancer agent.

According to some examples of the disclosure, the therapeutic agent for treating the disease
or the anti-cancer agent comprises an antibody.

According to some examples of the disclosure, the antibody is selected from the group
consisting rituximab, cetuximab, trastuzumab, edrecolomab, almetuzumab, gemtuzumab,
ibritumomab,  panitumumab, Belimumab, Bevacizumab, Bivatuzumab mertansine,
Blinatumomab, Blontuvetmab, Brentuximab vedotin, Catumaxomab, Cixutumumab, Daclizumab,
Adalimumab, Bezlotoxumab, Certolizumab pegol, Citatuzumab bogatox, Daratumumab,
Dinutuximab, Elotuzumab, Ertumaxomab, Etaracizumab, Gemtuzumab ozogamicin,
Girentuximab, Necitumumab, Obinutuzumab, Ofatumumab, Pertuzumab, Ramucirumab,
Siltuximab, Tositumomab, Trastuzumab, Nivolumab, Pembrolizumab, Durvalumab,
Atezolizumab, Avelumab and ipilimumab.

According to some examples of the disclosure, the antibody is selected from the group
consisting of rituximab, cetuximab and almetuzumab.

According to some examples of the disclosure, the therapeutic agent for treating the disease
or the anti-cancer agent comprises an IMiD (e.g. Thalidomide, Lenalidomie, Pomalidomide).

According to some examples of the disclosure, the method comprising adoptively
transferring the immune cells following the activating to a subject in need thereof.

According to some examples of the disclosure, the immune cells comprise T cells.

According to some examples of the disclosure, the immune cells comprise phagocytes.
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Unless otherwise defined, all technical and/or scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the disclosure pertains.
Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of examples of the disclosure, exemplary methods and/or materials are described
below. In case of conflict, the patent specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only and are not intended to be necessarily
limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example only, with
reference to the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard, the description taken with the drawings
makes apparent to those skilled in the art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 is a schematic representation of the SIRPa-4-1BBL fusion protein referred to herein
as “DSP107” (SEQ ID NO: 5) comprising an N-terminal signal peptide and a C-terminal his-tag
(SEQ ID NO 43). Shown the signal peptide (underlined, SEQ ID NO: 4), the SIRPa domain (red,
SEQ ID NO: 2), the glycine linker (black), the 4-1BBL domain (blue, SEQ ID NO: 3) and the C-
terminal His-tag (black bold).

FIGs. 2A-C demonstrate the predicted 3D structure of DSP107 (SEQ ID NO: 5). Figure
2A is a schematic 3D model. SIRPa is shown in grey ribbons, CD47 (SIRPa receptor) is shown
in green ribbons, 4-1BBL is shown in blue ribbons and 2 additional copies of 4-1BBL (forming
the trimer) are shown in light blue. Figure 2B is a schematic, full atomic 3D model. Figure 2C is
a schematic 3D model. The X-ray resolved domains are represented by its surface and colored by
a hydrophobicity scale - blue (most hydrophilic) to Brown (Hydrophobic). 4-1BBL shows a higher
level of exposed hydrophobic areas.

FIG. 3 is a schematic representation of the domain and segments identified in DSP107
(SEQID NO: 5). An Ig-like V type domain is highlighted in light blue, an Ig-like C1-typel domain
is highlighted in yellow, an Ig-like C1-type2 domain is highlighted in green, an X-ray resolved
part is highlighted in grey and flanking/unstructured regions are marked with red boxes.

FIG. 4 demonstrates the predicted 3D structure of SIRPa-4-1BBL variant fusion protein
referred to herein as” DSP107_var1” (SEQ ID NO: 11). The upper panel shows the 3D structure

in surface representation and colored by hydrophobicity scale: hydrophilic in blue and



v

10

2
<

WO 2020/012486 PCT/IL2019/050783

10
hydrophobic surface in brown. The lower panel shows the 3D structure in ribbons representation

colored by sequence position from the N-terminal (in blue) to the C-terminal (red).

FIG. 5 demonstrates the predicted 3D structure of SIRPwu-4-1BBL variant fusion protein
referred to herein as “DSPI07 var2” (SEQ 1D NO: 13). The upper panel shows the 3D structure
in surface representation and colored by hydrophobicity scale: hydrophilic in blue and
hydrophobic surface in brown. The lower panel shows the 3D structure in tibbouns representation
colored by sequence position from the N-terminal (in blue) to the C-terminal (red).

FIG. 6 demonstrates the predicted 3D structure of SIRPu-4-1BBL variant fusion protein
referred to herein as “DSP107 var3 17 (SEQ H3 NO: 15). The upper panel shows the 3D structure
in surface representation and colored by hydrophobicity scale: hydrophilic in blue and
bydrophobic surface in brown. The lower panel shows the 3D structure in ribbons representation
colored by sequence position from the N-terminal (in blue) to the C-terminal (red).

FiGs. 7A-B demonstrate SDS-PAGE analysis of the SIRPo-4-1BBL fusion proteins
produced. N-terminal his-tagged DSP107 [marked as (NH), SEQ 1D NQO: 44), C-terminal his-
tagged DSP107 [marked as (CH), SEQ ID NO: 1] and C-terminal his-tagged DSP107 variants
[marked as (CH}-V1, (CH)}-VZ and (CH}-V3.1 (SEQ ID NO 12, 14 and 17, respectively}] (2ug/
well) were separated on 4-20 % SDS-PAGE at reducing (Figure 7A) and non-reducing (Figure
7B} conditions. Proteins migration on the gel was visualized by staining with e-Stain peds. A
molecular size proteins marker was also separated in the same gel and the sizes are indicated.

FIGs. 8A-C demonstrate western blot analysis of the SIRPa-4-1BBL fusion proteins
produced. N-terminal his-tagged DSP107 [marked as (NH), SEQ ID NO: 44}, C-terminal his-
tagged DSP107 [marked as {CH), SEQ ID NGO: 1, C-terminal his-tagged DSP107 V1 [marked as
(CH)-V1, SEQ ID NO: 12}, C-terminal his-tagged DSP107 V2 [marked as (CH}-V2), SEQ ID
NO: 14] and C-ternunal his-tagged DSP107 V3.1 [marked as (CH)-V3 1, SEQ ID NO 17]
(500ng/well) were separated on SDS-PAGE at non reducing (Figure 8A) and reducing (Figure 8B)
conditions, followed by iramunoblotting with anti 4-1BBL antibody. C-terminal his-tagged
DSP107 V2 [marked as (CH)-V2), SEQ D NO: 14] (50ng/well} was also separated on SDS-
PAGE at reducing conditions, followed by immunoblotting with anti SIRPg antibody (Figure 8C).

FIG. 9 15 a graph demonstrating binding of N-terminal his-tagged DSP107 [{marked as
(NH}, SEQ ID NO: 44}, C-terminal his-tagged DSP107 V1 [marked as (CH}-V1, SEQ ID NO:
12] and C-terminal his-tagged DSP107 V2 [marked as (CH}-VZ, SEQ 1D NO: 14] to SIRPo and
4-1BBL in a similar dose response manner as determined by a sandwich ELISA, using anti 4-

IBBL antibody for binding and SIRPa-biotinvlated antibody for detection.
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FIG. 10 is a bar graph demonstrating binding of the SIRPa moiety of C-terminal his-tagged

DSP107 [marked as (CH), SEQ 1D NO: 1, C-terminal his-tagged DSP107 V1 [marked as (CH)-
V1), SEQ ID NO: 12], C-terminal his-tagged DSP107 V2 [marked as (CH)-V2, SEQ ID NG: 14]
and C-terroinal his-tagged DSP107 V3.1 {marked as (CH)-V3.1, SEQ 1D NO 17] as determined
by tlow cytometry analysis. Shown are GMF1 values.

FIG. 11 shows graphs demonstrating that the SIRPu-4-1BBL fusion proteins produced
promote T cell proliferation. PBMCs were incubated with 0.01 pg / mi N-terminal his-tagged
DSP107 [marked as (NH), SEQ ID NOG: 44], C-terminal his-tagged DSP107 V1 [marked as (CH)-
V1, SEQ ID NO: 12] or C-terminal his-tagged DSP107 V2 [marked as (CH)-V2, SEQ B> NO:
17] in the presence of anti-CD3, with or without IL-2, as indicated; and proliferation was
determined at the indicated time points by confluency measurement.

FIG. 12 15 a bar graph demonstrating 4-1BB expression on human PBMCs following
stimulation in the presence of sub-optimal concentrations of anti-CD3 and/or 1L.-2 as compared to
unstimulated cells (na) at the indicated time points. Shown are GMFI values.

FIGs. 13A-C demonstrate that the SIRPu-4-1BBL fusion proteins produced block
interaction of SIRPw with 4-1BBL. Figure 13A shows the assay design: Recombinant human
CD47 was bound to ELISA plate. SIRPo-4-1BBL fusion protein, or a positive control antt CD47
antibody were added to the plate. Following wash biotinylated recombinant human SIRPo was
added followed by streptavidin HRP and TMB substrate. Interaction of SIRPq with CD47 was
measured by absorbance at 450 nm. Figure 13B is a graph demonstrating blockade of the SIRPa
interaction by N-terminal his-tagged DSP107 [marked as (NH), SEQ [D NG: 44}, C-terminal his-
tagged DSP107 [marked as (CH), SEQ ID NGO: 1], C-terminal his-tagged DSP107_ V1 [marked as
(CH-V1, SEQ 1D NO: 12, C-terminal his-tagged DSP107 V2 [marked as (CH)-V2, SEQ ID NO:
14] and C-terminal his-tagged DSP107 V3.1 [marked as (CH)-V3.1, SEQ ID NO: 17] as
compared to the blocking antibody positive control. Figure 13C is a graph showing EC50 values
calculated for a limited range of concentrations.

FiGs. 14A-B are bar graphs demonstrating that the SIRPo-4-1BBL fusion proteins
produced enhance polymorphonuclear (PMNs) mediated phagocytosis of human cancer cells.
Shown % phagoeytosts following 2 hours {(Figure 14A) or 18 hours (Figure 14B) incubation of
PMNs and Ramos or DLD1 cancer cells with C-terminal his-tagged DSP107 [marked as (CH),
SEQ ID NO: 1, C-terminal his-tagged DSP107 V1 [marked as (CH)}-V1, SEQ ID NOG: 12}, C-
terminal his-tagged DSP107 V2 [marked as (CH)-V2, SEQ ID NO: 14] or C-ternunal his-tagged
DSP107 V3.1 [marked as (CH)-V3.1, SEQ 1D NO: 17]; alone or in combination with Rituximab

(RTX) or Cetuximab (CTX), as indicated.
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FIG. 15 shows bar graphs demonstrating that the SIRPa-4-1BBL fusion proteins produced

enhance macrophages mediated phagocytosis of human lymphoma cells. Shown % phagocytosis
following 2 hours incubation of macrophages and SUDHLS, SUDHLA4 and OCI-LY3 cancer cells
with C-terminal his-tagged DSP107 [marked as (CH), SEQ ID NG 1], C-terminal his-tagged
DSP107 V1 {marked as (CH)-V1, SEQ ID NO: 12], C-terminal his-tagged DSP107 V2 {marked
as (CH)-V2, SEQ ID NO: 14] or C-terminal his-tagged DSP107 V3.1 fmarked as (CH)-V3.1,
SEQ ID NG: 17}, alone or in combination with Rituximab (RTX), as indicated.

FIG. 1615 a graph demonstrating that C-terminal his-tagged DSP107 V2 [marked as (CH)-
V2, SEQ D NO: 14] enhance macrophages mediated phagocytosis of SUDHILA4 cancer cells
tollowing 2 hours of incubation, in a dose depended manner.

FIG. 17 is a bar graph demonstrating DSP107 V2 (SEQ ID NO: 13) concentration in
nmunipools’ samples taken at day 11 from ted batch cultures, as determined by Dual side ELISA.

FIG. 18 demonstrates SDS-PAGE analysis of DSPI107 V2 (SEQ ID NOG: 13). Purified
DSP107 V2 (S mg) and minipools’ samples taken at day 11 from fed batch cultures (Spl) were
separated on 4-20 % SDS-PAGE at reducing conditions, followed by Coomassie staining,

FIGs. 19A-B show histograms demonstrating membrane expression of CD47 on CHO-K1
overexpressing (OX) human CD47 cells (Figure 19A) and SUDHLA4 cells (Figure 19B), and no
expression on CHO-K1 cells (Figure 19A), as determined by flow cytometry analysis.

FIG. 20 shows histograms demonstrating membrane expression of 4-1BB and CD47 on
HT1080 cells OX 4-1BB, and no expression of 4-iBB on HT1080 parental (WT) cells as
determined by flow cytometry analysis.

FiIGs. 21A-B show graphs demonstrating binding of the SIRPo moiety of DSP107 V2
(SEQ 1D NO: 13), to CHO-K1-CD47 cells (Figure 21A) and SUDHLA4 cells {(Figure 21B) and no
binding to CHO-K1 parental cells, as determined by flow cytometry analysis. Shown are
percentages of positively stained cells or GMFT values.

FIGs. 22A-F demonstrate binding of both arms of DSP107 V2 (SEQ ID NO: 13) to
HT1080 cells overexpressing 4-1BB (Figures 22A-B, E-F), or binding of the SIRPa arm to CD47
on HT1080 WT cells (Figures 22C-D), as determined by flow cytometry analysis. Addition of an
anti-CD47 antibody and/or anti-4-1BB antibody, where indicated, was used to determine specific
binding. Shown are percentages of positively stained cells and GMFI values.

FIGs. 23 A-B demonstrate simultaneous binding of DSP107 V2 (SEQ ID NO: 13)to CHO
K1-CD47 and HT1080-4-1BB cells. DSP107 V2 (SEQ 1D NO: 13) was incubated with CFSE-
labeled HT1080 4-1BB OX cells and CyvtoLight Red-labelled CHO-K1 CD47 OX cells and

doublet formation was determined by flow cytometry. Figure 23A shows representative flow
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cytometry plots of CFSE vs. of CytoLight Red following incubation of the labeled cells with

DSP107 V2 (SEQ ID NGO 13) as compared to medium control. Figure 23B is a graph
demonstrating the mean results of doublet formation from three independent experiments.

FIG. 24 demonstrates simultaneous binding of DSP107 V2 (SEQ IDNO: 13)to CHOKI-
CD47 and HT1080-4-1BB cells. DSP107 V2 (SEQ ID NO: 13} was incubated with CFSE-labeled
HT1080 4-1BB OX cells and CytolLight Red-labelled CHO-K 1 CD47 OX cells with or without an
anti-C47 antibody of an anti-4-1BB antibody, and doublet formation was determined by flow
cytometry. Shown the mean results of doublet formation from two independent experiments after
subtracting medium effect.

FiGs. 25A-B demonstrate activation of 4-1BB by DSPI07 V2 (SEGQ ID NO: 13), as
determined by 118 secretion from HT1018-4-1BB cells tn the single-culture assay.

FIG. 26 demonstrates activation of 4-1BB by DSP107 V2 (SEQ ID NO: 13), as
determined by IL8 secretion from HT1018-4-1BB cells in the co-culture assay.

FIG. 27 shows bar graphs demonstrating that DSP107 V2 (SEQ ID NO: 13} induces T cell
activation in a dose dependent manner, as determined by expression of the activation markers
CDZ5 and 4-1BB. PBMCs from three donors were incubated with the indicated concentrations of
DSP107 V2 (SEQ ID NO: 13) in the presence of plate-bound anti-CD3; and CD2S5 or 4-1BB
expression was determined following 48 hours of incubation by flow cytometry,

FIG. 28 shows representative images demonstrating the effect of DSP107-V2 (SEQ 1D
NG 13) on PBMC proliferation, as determined by Incucyte.

FIG. 29 shows bar graphs demonstrating the eftfect of DSP107 V2 (SEQ ID NO: 13) on
proliferation of CPD-stained T cells obtained from three human donors, as determined by flow
cytometry.

FIGs. 30A-C demonstrate the effect of DSP107-V2 (SEQ ID NO-: 13) on T-cell mediated
killing of SNU387 (Figure 26A), SNU423 (Figure 26B) and Ovcar8 (Figure 26C) cancer cells, as
determined by Incucyte.

FIGs. 31 A-B demonstrate the effect of DSP107-V2 (SEQ ID NO: 13) on T-cell mediated
killing of MSTO (Figure 31A) and H2052 (Figure 31B) mesothelioma cells, as determined by tlow
cytometry.

FIGs. 32A-E show a representative image (Figure 32A) and graphs (Figures 32B-E)
demonstrating that the DSP107 V2 (8EQ 1D NO: 13) enhances Mi-macrophages mediated
phagocytosis of different lymphoma cell lines (Figure 32B-D) and DLD-1 colon cancer cell line

{(Figure 32E).
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FIGs. 33A-H demonstrate the effect of DSPI07 V2 (SEQ ID NG: 13 on granulocyte-

mediated phagoeytosts of different lymphoma cell lines as monotherapy and in combination with
Rituximab (Figures 33A-D), as compared to scluble SIRPa, soluble 4-1BBL or combination of
both (Figures 33D-F). Phagocytosis of DLDI colon carcinoma cell line by granulocytes by
DSP107 V2 in monotherapy and in combination with Trastuzumab (Figures 33G-H).

FIG. 34 represents the binding to DSP107 V2 (SEQ ID NO: 13) to MC38 (mouse) and
DLD1 (human) colon carcinoma cell lines.

FIGs. 35A-B demonstrate the in-vive effect of DSP107 V2 (SEQ ID NO: 13)) and anti-
mouse PD-L.1 antibody on hCD47 MC38 tumors growth (Figure 34A) and survival (Figure 35B)
in h4-1BB knock-in mice.

FIGs. 36A-B demonstrate the in-vivo effect of DSP107 V2 (SEQ ID NO: 13) on SUDHLO
DLBCL tumors in humanized NSG mice. Figure 36A shows average tumor weight, determined
following mice sacrifice on day 22. Figure 30B shows average tumor volume determined prior to
mice sacrifice on day 20.

FIGs. 37A-B demonstrate the predicted 3D structure of a SIRPu~4-1BBL variant fusion
comprising SIRPa (SEQ ID NO: 2) and three repeats of a 4-1BBL amino acid sequence (SEQ 1D
NG: 78) in the presence of its binding counterparts (CD47 and 4-1BB). Figure 37A is a schematic
3D model and Figure 37B is a full atomic 3D model. SIRPq is represented in a dark grey ribbons
display (upper right-hand side}. 4-1BBL is represented tn dark grev ribbons (left-hand side).
Spacer'/linker’ segments are represented in Grev and white ribbons between the structural
elements of SIRPa and 4-1BBL. CD47 is represented in grey ribbons (upper right-hand side) and
three 4-1BB receptors are represented in grey ribbons in complex with 4-1BBL (left-hand side}.

FIG. 38 demonstrates SEC-MALS analysis of DSP107-V2 (SEQ ID NO: 13). Protein
{150ug) was loaded on a Superdex 200 Increase column (GE Healthcare) and ran at a flow rate of
0.8 ml/ min with 10 mM KPO4 pH 8 0 + 150 mM NaCl as mobile phase. Detection was performed
by UV, MALS and RI using AKTA Explorer (GE) + MiniDawn TREQGS + OPTILAB T-reX
(WYATT).

DESCRIPTION OF DETAILED EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to a SIRPu-4-1BBL varnant
fusion protein and methods of use thereof.
Betore explaining at least one ernbodiment of the invention in detail, it is to be understood

that the invention 1s not necessarily limited in its application to the details set forth in the following
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description or exemplified by the Examples. The invention 1s capable of other embodiments or of

being practiced or carried out 1n various ways.

Dal Signaling Proteins (DSP), also known as Signal-Converting-Proteins (SCP), which
are currently known in the art as bi-functional fusion proteins that link an extracellular portion of
a type I membrane protein (extracellular amino-terminus), to an extracetiular portion of a type Il
membrane protein (extracellular carboxyl-terminus), forming a fusion protein with two active
sides.

Employing structural-functional tools, the present inventors were able to generate SIRPu-
4-1BBL fusion proteins comprising a SIRPa variant and/or a 4-1BBL variant with tmproved
production characteristics {e.g. higher yvield); and which can be advantageously used for activating
tmmune cells (via co-stimulation) in general and treating diseases that can benefit from activating
immune cells (e.g. cancer) in particular.

Without being bound by theory, the following ts suggested by the inventors as a mode of
action of the SIRPa-4-1BBL fusion protein of some embodiments of the invention in the treatment
of cancer as an example:

Due to the relatively high expression of CD47 on the surface of tumor cells and in the
tumor micro-environment, the SIRPo moiety of the SIRPo-4-1BBL fusion targets the molecule to
tumor and metastasis sites, leading to binding of the fusion protein to CD47 within the tumor
micro-environment.

Targeting the fusion protein to the tumor cells or/and tumor micro-environment facijitates
an increase in SIRPou-4-1BBL concertation in the tumor micro-environment and subsequent
immobilization and oligomerization of the 4-1BBL moiety of the fusion protein at the tumor site;
thereby delivering a 4-1BB co-stimulatory signal that promotes activation of T cells, B cells, NK
cells, especially Tumor-Infiltrating Lymphocytes (TILs) and other immune cells at the tumor site,
to kill cancer cells.

In addition to the 4-1BBL — 4-1BB co-stimulatory signal, the binding of the fusion protein's
SIRPa moiety to CD47 in the tumor site competes with the endogencus SIRPa expressed on
macrophages and dendritic cells, thus, removing the inlubition on these cells and further
contributing to the phagocytosis of tumor cells and to activation of dendrsitic cells and T cells in
the tumor micro-environment.

The above activities of the SIRPu-4-1BBL fusion protein are expected to lead to a synergistic
effect on the activation of TILs, dendritic cells and macrophages within the tumor micro-
environment, which is expected to be more specific and robust effect as compared to the effect of

each moiety separately, as well as when using the two different moieties thereof in combination.
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Thus, according to an aspect of the present invention, there is provided a SIRPu-4-1BBL

fusion protein comprising a SIRPo amino acid sequence and a 4-1BBL amino acid sequence,
wherein said SIRPa amino acid sequence is 100 - 119 amino acids in length having at least 95 %
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 24 and 26,
and/or wherein said 4-1BBL amino acid sequence:

{(a) is 185 - 202 amino acids 1o length having at least 95 % identity to an amino acid
sequence selected from the group consisting of SEQ D NOs: 22, 23, 27 and 28, is 170 —~ 197
amino acids in length having at least 80 % identity to an amino acid sequence selected from the
group consisting of SEQ I3 NO: 74 and 76 and does not comprise an amino acid segment G198~
E205 corresponding to SEQ ID NO: 3, 1s 170 — 182 amino acids in length having at least 80 %
identity to SEQ D NO: 72 and does not comprise an amino acid segment A1-E23 corresponding
to SEQ ID NO: 3 oris 184 amino acids in length having at least 80 % 1dentity to SEQ ID NO: 70;
and/or

(b) comprises three repeats of a 4-1BBL amino acid sequence; and wherein said fusion
protein 15 capable of at least one of’

{1} binding CD47 and 4-1BB;

(11}  activating said 4-1BB signaling pathway iu a cell expressing said 4-1BB;

(i)  co-stimulating immune cells expressing said 4-1BB; and/or

(iv)  enhancing phagocytosis of pathologic cells expressing said CD47 by phagocytes
compared to same in the absence of said SIRPo-4-1BBL fusion protein.

According to an alternative or an additional aspect of the present invention, there is provided
a SIRPg-~4-1BBL fusion protein comptising a SIRPa amino acid sequence and a 4-1BBL amino
acid sequence, wherein said SIRPu amino acid sequence 1s 100 - 119 amino acids in length having
at least 95 % identity to an amino acid sequence selected from the group consisting of SEQ 1D
NOs: 24 and 26, and/or wherein said 4-1BBL amino acid sequence is 185 - 202 amino acids in
length having at least 95 % identity to an amino acid sequence selected from the group consisting
of SEQ ID NGs: 22, 23, 27 and 28; and wherein said fusion protein is capable of at least one of:

(1) binding CD47 and 4-1BB;

(i}  activating said 4-1BB signaling pathway in a cell expressing said 4-1BB;

(11}  co-stimulating immune cells expressing said 4-1BB; and/or

(iv}y  enhancing phagocytosis of pathologic cells expressing said D47 by phagocytes
compared to same in the absence of said SIRPu-4-1BBL fusion protein.

According to an alternative or an additional aspect of the present invention, there is

provided an isolated polypeptide comprising a SIRPay amino acid sequence, wherein said SIRPgy
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amino acid sequence is 100 - 119 amino acids in length having at least 95 % identity to an amino

acid sequence selected from the group consisting of SEQ H> NOs: 24 and 26; and wherein said
polypeptide is capable of binding CD47.

According to an alternative or an additional aspect of the present invention, there is
provided an isolated polypeptide comprising a 4-1BBL amino acid sequence, wherein said 4-
IBBL amuno acid sequence is 185 - 202 amino acids in length having at least 95 % identity to an
amino acid sequence selected form the group consisting of SEQ 1D NOs: 22, 23, 27 and 28, 15 170
— 197 amino acids in length having at least 80 % identity to an amino acid sequence selected from
the group consisting of SEQ B> NGO 74 and 76 and does not comprise an amino acid segment
(3198-E205 corresponding to SEQ ID NO: 3, or is 170 — 182 amino acids in length having at least
80 % identity to SEQ ID NO: 72 and does not comprise an amino acid segment AI-E23
corresponding to SEQ ID NO: 3; and optionally comprises three repeats of said 4-1BBL amino
acid sequence; and wherein said polypeptide is capable of at least one of

(i} binding 4-1BB,

(iiy  activating said 4-1BB signaling pathway in a cell expressing said 4-1BB; and/or

(i}  co-stimulating immune cells expressing said 4-1BB.

According to an alternative or an additional aspect of the present invention, there is
provided an isolated polypeptide comprising a 4-1BBL amino acid sequence, wherein said 4-
IBBL amino acid sequence is 185 - 202 amino acids in length having at least 95 % identity to an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 22, 23, 27 and 28, and
wherein said polypeptide is capable of at least one of’

(i} binding 4-1BB,

(i1}  activating said 4-1BB signaling pathway in a cell expressing said 4-1BB; and/or

(1)  co-stimulating immune cells expressing said 4-1BB.

As used herein the term “SIRPo (Signal Regulatory Protein Alpha, also known as
CD172a)” refers to the polypeptide of the SIRPA gene (Gene ID 140885) or a functional homolog
e.g., functional fragment thereof. According to specific embodiments, the term “SIRPg” refers to
a functional homolog of SIRPo polypeptide. According to specific embodiments, STRPa is human
SIRPa. According to a specific embodiment, the SIRPg protein refers to the human protein, such
as provided in the following GenBank Number NP 001035111, NP_001035112, NP 001317657
or NP 542970,

As use herein, the phrase “functional homolog” or “functional fragment” when related to
SIRPa, refers to a portion of the polypeptide which maintains the activity of the full length 5IRPa

e.g., CD47 binding.
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According to a specific embodiment, the CD47 protein refers to the human protein, such

as provided in the following GenBank Numbers NP_001768 or NP_942088.

Assays for testing binding are well known in the art and include, but not limited to flow
cytometry, BiaCore, bio-layer interferometry Blitz® assay, HPLC.

According to specific embodiments, the SIRPg binds CD47 with a Kd of 6.1 — 100 pM,
0.1 —10 uM, 1-10 uM, 0.1-5 uM, or 1-2 pM as deternmuned by SPR, each possibility represents a
separate embodiment of the present invention.

According to specific embodiments, the SIRPa comprises an extraceltular domain of said
SIRPa or a functional fragment thereof.

According to specific embodiments, SIRPo amino acid sequence comprises SEQ 1D NO:

29,

According to specific embodiments, SIRPo amino acid sequence consists of SEQ ID NO:
29.

According to specific embodiments, SIRPg nucleic acid sequence comprises SEQ ID NO:
30.

According to specific embodiments, SIRPg nucleic acid sequence consists of SEQ ID NO:
30,

According to specific embodiments, SIRPg amino acid sequence comprises SEQ 1D NO:
2.

According to specific embodiments, SIRPg amino acid sequence consists of SEQ 1D NO:
2.

According to specific embodiments, SIRPg nucleic acid sequence comprises SEQ B NO:
3t or 67.

According to specific embodiments, SIRPu nucleic acid sequence consists of SEQ ID NO:
31 or 67.

The term “SIRPo” also encompasses functional homologues (naturally occurring or
synthetically/recombinantly produced), which exhibit the desired activity (i.e., binding CD47).
Such homologues can be, for example, at least 70 %, at least 75 %, at least 80 %, at least §1 %, at
feast B2 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %, at least 88 %, at
least 89 %, at least 90 %, at least 91 Y%, at least 92 %, at least 93 %, at least 94 %, at least 95 %, at
least 96 %, at ieast 97 %, at least 98 %, at least 99 % or 100 % identical or homologous to the
polypeptide SEQ ID NO: 2 or 29; or at least 70 %, at least 75 %, at least 80 %, at least 81 %, at
feast B2 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %, at least 88 %, at

least 89 %, at least 90 %, at least 91 %, at least 92 %, at least 93 Yo, at least 94 %, at least 95 %, at
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least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identical to the polynucleotide

sequence encoding same (as further described hereinbelow).

According to specific embodiments the SIRPg functional homologues are at least 95 %, at
least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identical or homologous to the
polypeptide SEQ ID NO: 2 or 29; or at least 95 %, at least 96 %, at least 97 %, at least 98 %, at
teast 99 % or 100 % identical to the polynuclectide sequence encoding same (as further described
hereinbelow).

As used herein, “identity” or “sequence identity” refers to global identity, i.e., an identity
over the entire amino acid or nucleic actd sequences disclosed herein and not over portions thereof.

Sequence identity or homology can be determined using any protein or nucleic acid
sequence alignment algorithm such as Blast, ClustalW, and MUSCLE. The homolog may also
refer to an ortholog, a deletion, insertion, or substitution variant, including an amino acid
substitution, as further described hereinbelow.

According to specific embodiments, the SIRPu polypeptide may comprise conservative
and unon-conservative amino acid substitutions (also referred to herein as mutations).  Such
substitutions are known in the art and disclosed e.g. in Weiskopt K et al. Science. (2013);
341{6141):88-91, the contents of which are fully incorporated herein by reference.

When percentage of sequence identity is used in reference to proteins it is recognized that
residue positions which are not identical often differ by conservative amino acid substitutions,
where amino acid residues are substituted for other amino acid residues with similar chemical
properties (e.g. charge or hydrophobicity) and therefore do not change the functional properties of
the molecule. Where sequences differ in conservative substitutions, the percent sequence identity
may be adjusted upwards to correct for the conservative nature of the substitution. Sequences
which differ by such conservative substitutions are considered to have "sequence similanty” or
"stmilarity". Means for making this adjustment are well-known to those of skill in the art.
Typically this involves scoring a conservative substitution as a partial rather than a full mismatch,
thereby increasing the percentage sequence identity. Thus, for example, where an identical amino
acid 15 given a score of 1 and a non-conservative substitution is given a score of zero, a
conservative substitution is given a score between zero and 1. The scoring of conservative
substitutions is calculated, e g, according to the algorithm of Henikoff S and Henikoff JG. [ Amino
actd substitution matrices from protein blocks. Proc. Natl. Acad. Sci. U.S AL 1992, 8%(22) 10915~
91
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According to specific embodiments, one or more amino acid mutations are located at an

amino acid residue selected from: L4, V6, A21, A27, 131, E47, K53, E54, H56, V63, 1L.o6, K6§,
V92 and F96 corresponding to the SIRPa amino acid sequence set forth in SEQ D NO: 2.

According to specific embodiments, the SIRPo amino acid sequence comprises a mutation
at an amino acid residue selected from the group consisting of L4, A27, E47 and V92
corresponding to the SIRPo amino acid sequence set forth in SEQ ID NO: 2.

According to specific embodiments, one or more amino acid mutations are selected from
the group consisting oft L4V or L41, Vol or VOL, A21V, A27 T or A27L, I31F or 1317, E47V or
E471, KA53R, ES4Q, H56P or HSOR, V631, LO6T or L66G, KO8R, VO2I and FO4L or FO4Y
corresponding to the SIRPo amino acid sequence set forth in SEQ ID NO: 2.

According to specific embodiments, the SIRPo amino acid sequence comprises a mutation
selected from the group consisting of L4, A271, E47V and V921 corresponding to the SIRPu
amino acid sequence set forth in SEQ ID NO: 2.

As used herein, the phrase “corresponding to the SIRPao amino acid sequence set forth in
SEQ ID NG: 27 or “corresponding to SEQ 1D NO: 27 intends to include the corresponding amino
acid residue relative to any other SIRPg amino acid sequence.

According to specific embodiments, the SIRPa amino acid sequence comprises SEQ ID
NQO: 25,

According to specific embodiments, the SIRPo amino acid sequence consists of SEQ ID
NQO: 25

According to specific embodiments, the SIRPo nucleic acid sequence comprises SEQ ID
NQO: 35,

According to specific embodiments, the STRPa nucleic acid sequence consists of SEQ ID
NO: 35,

Additional description on conservative amino acid and non-conservative amino acid
substitutions 1s further provided hereinbelow.

The SIRPa of some embodiments of the present invention is at least 95 %, at least 96 %,
at least 97 %, at least 98 %, at least 99 % or 100 % identical or homologous to the polypeptide
SEQID NG: 24 or 26; or at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or
100 % 1dentical to the polynucleotide sequence encoding same (as turther described hereinbelow).

According to specific embodiments, the SIRPo amino acid sequence has at least 95 %

identity to SEQ ID NOs: 24 and/or 26.
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According to specific embodiments, the SIRPo amino acid sequence has at least 96 %, at

feast 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1 NO: 24 and/or 26, each
possibility represents a separate embodiment of the present invention.

According to specific embodiments, the STIRPo amino acid sequence has at least 95 %, at
least 90 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NO: 24

According to specific ernbodiments, the SIRPo amino acid sequence has at least 95 %, at
feast 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 26,

According to specific embodiments, the SIRPa amino acid sequence does not comprise the
amino acid segment K117 — Y343 corresponding to SEQ H NO: 2.

According to specific embodiments, the SIRPa amino acid sequence does not comprise
any of amino acid residues K117 — Y343 corresponding to SEQ D NO: 2.

According to specific embodiments, the SIRPa amino acid sequence does not comprise
SEQ ID NG: 32 or any fragment thereof.

According to specific embodiments, the SIRPao amino acid sequence does not comprise
SEQ ID NO: 32,

According to specific embodiments, the C-terminal of the SIRPa amino acid sequence ends
with SEQ ID NG: 8.

According to specific embodiments, the SIRPo amino acid sequence comprises SEQ ID
NQO: 24 or 26.

According to specific embodiments, the SIRPg amino acid sequence comprises SEQ ID
NG: 24,

According to specific embodiments, the SIRPo amino acid sequence comprises SEQ ID
NO: 26.

According to specific embodiments, the SIRPa amino acid sequence consists of SEQ ID
NO: 24 or 26.

According to specific embodiments, the SIRPa arivno acid sequence counsists of SEQ ID
NQG: 24

According to specific embodiments, the SIRPo amino acid sequence consists of SEQ ID

N

N
Ch

According to specific embodiments, the SIRPa nucleic acid sequence has at least 70 %, at
least 75 %, at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 Y%, at
least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at

feast 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or
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100 % identity to SEQ D NO: 33 and/or 34, each possibility represents a separate embodiment of

the present invention.

According to specific embodiments, the SIRPu nucleic acid sequence has at least 95 %
identity to SEQ ID NO: 33 and/or 34,

According to specitic embodiments, the SIRPa nucleic acid sequence has at least 96 %, at
teast 97 %, at least 98 %, at least 99 % or 100 % 1dentity to SEQ ID NO: 33 and/or 34.

According to specific embodiments, the SIRPa nucleic acid sequence has at least 95 %, at
least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 33,

According to specific embodiments, the SIRPo nucleic acid sequence has at least 95 %, at
least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NO: 34,

According to specific embodiments, the SIRPa nucleic acid sequence comprises SEQ 1D
NGO: 33 or 34

According to specific embodiments, the nucleic actd sequence comprises SEQ 1D NO: 33.

According to specific embodiments, the SIRPa nucleic acid sequence comprises SEQ D
NO: 34

According to specific embodiments, the SIRPa nucleic acid sequence consists of SEQ 1D
NO: 33 or 34

According to specific embodiments, the SIRPa nucleic acid sequence consists of SEQ ID
NQO: 33,

According to specific embodiments, the SIRPa nucleic acid sequence consists of SEQ 1D
NG: 34,

According to specific embodiments, SIRPa amino acid sequence comprises 100-500 amino
acids, 150-450 amino acids, 200-400 amino acids, 250-400 amino acids, 300-400 amino acids,
320-420 arvino acids, 340-350 amino acids, each possibility represents a separate embodiment of
the present invention.

According to specific embodiments, STRPo amino acid sequence is 300-400 amino acids
in length.

According to specific embodiments, SIRPa amino acid sequence is 340-450 amino acids
in length.

According to specific embodiments, SIRPa amino acid sequence 15 343 amino acids in
length.

According to specific embodiments, SIRPw amino acid sequence comprises 100-200 amino
acids, 100 - 150 amino acids, 100 - 125 amino acids, 100 - 120 amino acids, 100 - 119 amino acids,

each possibility represents a separate embodiment of the present invention.
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According to specific embodiments, SIRPo amino acid sequence is 100 - 119 amino acids

in length.

According to specific embodiments, SIRPg amino acid sequence is 105 — 119 amino acids,
110 — 119 amino acids, 115 — 119 amino acids, 105 — 118 amino acids, 110 — 118 amino acids,
115 — 118 amino acids, 105 — 117 amino acids, 110 — 117 amino acids, 115 —~ 117 amino acids,
each possibility represents a separate embodiment of the present invention.

According to specific embodiments, SIRPo amino acid sequence is atfeast 115 amino acids
in length.

According to specific embodiments, SIRPo amino actd sequence is 115 - 119 amino acids
in length.

According to specific embodiments, SIRPa amino acid sequence is 116 amino acids in
length.

As used herein the term “4-1BBL (also known as CDI37L and TNESF9)” refers to the
polypeptide of the TNFSF9 gene (Gene 1D 8744) or a functional homolog e.g., functional fragment
thereof  According to specific embodiments, the term “4-1BBL” refers to a functional homolog
of 4-1BBL polypeptide. According to specific embodiments, 4-1BBL is human 4-1BBL.
According to a specific embodiment, the 4-1BBL protein refers to the human protein, such as
provided in the following GenBank Number NP_003802.

As use herein, the phrase “functional homolog” or “functional fragment” when related to
4-1BBL, refers to a portion of the polypeptide which maintains the activity of the full length 4-
IBBL e.g., (i) binding 4-1BB, (i1} activating 4-1BB signaling pathway, (ii1} activating immune
cells expressing 4-1BB, (iv) forming a homotrimer.

According to specific embodiments, the functional homolog when related to 4-1BBL is
capable of (1), (i), (Gi1), Q)y+(1), (y+GiL), Qi)

According to specific embodiments, the functional homolog when related to 4-1BBL is
capable of (1y+(i1)+(iit).

According to specific embodiments, the functional homolog when related to 4-1BBL is
capable of (iv}, (i)y+(v), Giyr(iv), (i), (OFHGHGY), O+HEHGV), Q)G HEY).

According to specific embodiments, the functional homolog when related to 4-1BBL is
capable of (i y+(i)+(i+{v).

According to a specific embodiment, the 4-1BB protein refers to the human protein, such
as provided in the following GenBank Number NP 001552

Assays for testing binding are well known in the art and are further described hereinabove
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According to specific embodiments, the 4-1BBL binds 4-1BB with a Kd of about 0.1 —

1000 oM, 0.1 — 100 nM, 1-100 nM, or 55.2 nM as determined by SPR, each possibility represents
a separate embodiment of the claimed invention.

Assays for testing trimerization are well known in the art and include, but not limited to
NATIVE-PAGE, SEC-HPLC 2D gels, gel filtration, SEC-MALS, Analytical ultracentrifugation
{AUC) Mass spectrometry (MS), capillary gel electrophoresis (CGE).

As used heretn the terms “activating” or "activation" refer to the process of stimulating an
immune cell (e.g. T cell, B cell, NK cell, phagocytic cell} that results in cellular proliferation,
maturation, cytokine production, phagocytosis and/or induction of regulatory or effector functions.

According to specific embodiments, activating comprises co-stimulating.

As used herein the term “co-stimulating” or “co-stimulation” refers to transmitting a
secondary antigen independent stimulatory signal {e.g 4-1BB signal) resulting in activation of the
immune cell.

According to specific embodiments, activating comprises suppressing an inhibitory signal
{e.g. CD47 signal) resulting in activation of the immune cell.

Methods of determining signaling of a stimulatory or inhibitory signal are well known in
the art and also disclosed in the Examples section which follows, and include, but are not limited
to, binding assay using e.g. BiaCore, HPLC or flow cytometry, enzymatic activity assays such as
kinase activity assays, and expression of molecules involved in the signaling cascade using e.g.
PCR, Western blot, tmmunoprecipitation and immunochistochemistry,  Additionally  or
alternatively, determining transmission of a signal (co-stimulatory or inhibitory} can be effected
by evaluating immune cell activation or function. Methods of evaluating immune cell activation
or tunction are well known in the art and include, but are not limited to, proliferation assays such
as CFSE staining, MTS, Alamar blue, BRDU and thymidine incorporation, cytotoxicity assays
such as CFSE staining, chromium release, Calcin AM, cytokine secretion assays such as
intracellular cytokine staining, ELISPOT and ELISA, expression of activation markers such as
CD25, CD6o, CDH137, CD1072, PD1, and CD62L using flow cytometry.

According to specific embodiments, determining the signaling activity or activation is
effected in-vitro or ex-vive e.g. in a mixed lymphocyte reaction (MLR), as further described
hereinbelow.

For the same culture conditions the signaling activity or the imamune cell activation or

function are generally expressed in comparison to the signaling, activation or function in a cell of

the same species but not contacted with the SIRPa-4-1BBL fusion protein, a polynucleotide
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encoding same or a host cell encoding same; or contacted with a vehicle control, also referred to as

control.
According to specific embodiments, the 4-1BBL comprises an extraceliular domain of said
4-1BBL or a functional fragment thereof.

According to specific embodiments, 4-1BBL amino acid sequence comprises SEQ ID NO:

36.

According to specific embodiments, 4-1BBL amino acid sequence consists of SEQ ID NO:
36.

According to specific embodiments, 4-1BBL nucleic acid sequence comprises SEQ ID
NO: 37,

According to specific embodiments, 4-1BBL nucleic acid sequence consists of SEQ D
NO: 37

According to specific embodiments, 4-1BBL amino actd sequence comprises SEQ ID NO:
3.

According to specific embodiments, 4-1BBL amino acid sequence consists of SEQ ID NO:
3

According to specitic embodiments, 4-1BBL nucleic acid sequence comprises SEQ ID
NQO: 38,

According to specific embodiments, 4-1BBL nucleic acid sequence consists of SEQ 1D
NQO: 38,

The term “4-1BBL” also encompasses functional homologues (naturally occurring or
synthetically/recombinantly produced), which exhibit the desired activity {as defined
hereinabove). Such homologues can be, for example, at least 70 %, at least 75 %, at least 80 %,
at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %,
at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at least 94 %,
at feast 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identical or
homologous to the polypeptide SEQ 1D NO: 3, 36; or at least 70 %, at least 75 %, at least 80 %,
at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %,
at least 88 %%, al least 89 %, at leasi 90 %, at least 91 %, at leasi 92 %%, at least 93 %, al leasti 94 %,
at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identical to the
polynucleotide sequence encoding same (as further described hereinbelow).

According to specific embodiments the 4-1BBL functional homologues are at least 95 %,
at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identical or homologous to the

polypeptide SEQ ID NO: 3, 36; or at least 95 %, at least 90 %, at least 97 %%, at feast 98 %, at least
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99 % or 100 % identical to the polynucleotide sequence encoding same (as further described

hereinbelow).

According to specitic embodiments, the 4-1BBL polypeptide may comprise conservative
amino acid substitutions, as further described hereinabove and below.

The 4-1BBL of some embodiments of the present invention is at least 95 %, at least 96 %,
at least 97 %, at least 98 %, at least 99 % or 100 % identical or homologous to the polypeptide
SEQID NO: 22, 23, 27 or 28; or at least 95 %, at least 96 %, at feast 97 %, at least 98 %, at least
99 % or 100 % identical to the polynucleotide sequence encoding same (as further described
hereinbelow}).

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %
tdentity to an amino acid sequence selected from the group consisting of SEQ D NOs: 22, 23, 27
and 28, each possihility represents a separate embodiment of the present invention.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 96 %, at
least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NG: 22, 23, 27 and/or 2§,
each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %, at
least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 22 and/or
23.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %,
at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ D NG 22,

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %, at
least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NG: 23,

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %, at
teast 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NO: 27,

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %, at
least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NO: 28,

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
the amino acid segment Al — V6 corresponding to SEQ 1D NO: 3.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
the amino acid segment Al — G14 corresponding to SEQ ID NQ: 3.

According to spectfic embodiments, the 4-1BBL amino acid sequence does not comprise
any of amino acid residues Al — V6 or Al — G14 corresponding to SEQ ID NO: 3.

As used herein, the phrase “corresponding to SEQ ID NO: 37 intends to include the

corresponding amino acid residue relative to any other 4-1BBL amino acid sequence.
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According to specific embodiments, the 4-1BBL amino acid sequence does not comprise

SEQ ID NG: 6 or 7 or any fragment thereof.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
SEQIDNQO: 6or7.

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ ID
NQO: 22,23, 27 or 28,

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ 1D
NG: 22 or 23.

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ ID
NO: 22.

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ 1D
NG: 23,

According to specific embodiments, the 4-1BBLo amino acid sequence comprises SEQ ID
NG: 27.

According to specific embodiments, the 4-1BBL amino acid sequence coraprises SEQ 1D
NO: 28.

According to specific erabodiments, the 4-1BBL amino acid sequence consists of SEQ ID
NO: 22,23, 27 or 28.

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ 1D
NG 22 or 23.

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ ID
NQO: 22.

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ 1D
NO: 23,

According to specific embodiments, the 4-1BBLa amino acid sequence consists of SEQ
D NO: 27

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ ID
NO: 28.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 80 %
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 74 and 76,
each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 85 %
tdentity to an amino acid sequence selected from the group consisting of SEQ 1D NOs: 74 and 76,

each possibility represents a separate embodiment of the present invention.
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According to specific embodiments, the 4-1BBL amino acid sequence has at feast 90 %

tdentity to an amino acid sequence selected from the group consisting of SEQ 1D NOs: 74 and 76,
each possibility represents a separate embodiment of the present invention.

According to specitic embodiments, the 4-1BBL amino acid sequence has at least 91 %, at
least 92 %, at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at
least 99 % or 100 % identity to an amino acid sequence selected from the group consisting of SEQ
13 NOs: 74 and 76, each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 74 and 76,
each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the 4-1BBL amino actd sequence has at least 96 %, at
least 97 %, at least 98 %, at least 99 % or 100 % identity to an amino acid sequence selected from
the group consisting of SEQ ID NOs: 74 and 76, each possibility represents a separate embodiment
of the present invention.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
the amino acid segment G198 — E205 corresponding to SEQ D NO: 3.

According to specific embodiments, the 4-1BBL anuno acid sequence does not comprise
any of amino acid residues G198 — E205 corresponding to SEQ ID NG: 3.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
SEQ ID NG: 97 or any fragment thereof.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise SEQ
1D NO: 97,

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ ID
NOs: 74 or 76.

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ ID
NOs: 74 or 76.

According to specific embodiments, the 4-1BBL amino acid sequence has at feast 80 %
identity to SEQ ID NO: 72

According to specific embodiments, the 4-1BBL amino acid sequence has at least 85 %
identity SEQ ID NO: 72

According to specific embodiments, the 4-1BBL amino acid sequence has at least 90 %

identity to SEQ ID NO: 72
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According to specific embodiments, the 4-1BBL amino acid sequence has at least 91 %, at

least 92 %, al leasi 93 %, at leasi 94 %%, at least 95 %, ai least 96 %%, at least 97 %, ai leasi 98 %, at
least 99 % or 100 % identity to SEQ ID NO: 72.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %
tdentity to SEQ ID NG 72.

According to specific embodiments, the 4-1BBL amino acid sequence has at feast 96 %, at
feast 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 72

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
the amino acid segment A1-E23 corresponding to SEQ 1D NG: 3.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
any of amino acid residues A1-E23 corresponding to SEQ 1D NO: 3.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise
SEQ ID NG: 98 or any fragment thereof.

According to specific embodiments, the 4-1BBL amino acid sequence does not comprise SEQ
1D NGO: 98

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ 1D
NO: 72

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ ID
NO: 72.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 80 %
identity to SEQ ID NO: 70

According to specific embodiments, the 4-1BBL amino acid sequence has at least 85 %
identity SEQ 1D NO: 70.

According to specific ernbodiments, the 4-1BBL amuno acid sequence has at least 90 %
identity to SEQ ID NO: 70.

According to specitic embodiments, the 4-1BBL amino acid sequence has at least 91 %, at
least 92 %, at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at
least 99 % or 100 % identity to SEQ ID NO: 70.

According to specific embodiments, the 4-1BBL amino acid sequence has at least 95 %
identity to SEQ ID NO: 70

According to specific embodiments, the 4-1BBL amino acid sequence has at least 96 %, at
least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 70

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ 1D

NG: 70.
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According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ 1D

NGO: 70.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 70 %,
at least 75 %, at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %,
at least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %,
at feast 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 %
or 100 % identity to SEQ ID NO: 39, 40, 41 and/or 42, each possibility represents a separate
embodiment of the present invention.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 95 %
identity to SEQ ID NO: 39, 40, 41 and/or 42.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 96 %,
at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D NO: 39, 40, 41 and/or 42.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 95 %,
at least 96 %, at least 97 %, at least 98 %, atleast 99 % or 100 % identity to SEQ ID NO: 39 and/or
40.

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ 1D
NO- 39, 40, 41 or 42.

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NQO: 39 or 40.

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NG: 39

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NQO: 40

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NO: 41

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NQG: 42.

According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ ID
NG 39,40, 41 or 42,

According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ ID
NO: 39 or 40

According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ ID

NO: 39
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According to specific embaodiments, the 4-1BBL nucleic acid sequence consists of SEQ ID

NQO: 40.

According to specitic embodiments, the 4-1BBLo nucleic acid sequence consists of SEQ
D NO: 41,

According to specific embaodiments, the 4-1BBL nucleic acid sequence consists of SEQ ID
NO: 42,

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 70 %,
atleast 75 %, at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %,
at least 86 %, at least 87 %, at least 88 Y%, at least 89 %, at least 90 %, at least 91 %, at least 92 %,
at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 %
or 100 % identity to SEQ ID NO: 75 and/or 77, each possibility represents a separate embodiment
of the present invention.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 95 %
tdentity to SEQ ID NO: 75 and/or 77.

According to specific emnbodiments, the 4-1BBL nucleic acid sequence has at least 96 %,
at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 75 and/or 77.

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NO: 75 or 77

According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ 1D
NGO 750r77.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 70 %, at
least 75 %, at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 Y%, at
least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at
feast 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %%, at least 99 % or
100 % identity to SEQ I3 NO: 73.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 95 %
tdentity to SEQ ID NG 73.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 96 %,
at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 73,

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID
NG: 73,

According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ 1D

NGO T3,
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According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 70 %, at

teast 75 %, al leasi B0 %, at leasi 81 %, at least 82 %, ai least 83 %%, at least 84 %, ai least 85 %, at
least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at
least 93 %, at least 94 %, at least 95 %, at least 96 %%, at least 97 %, at least 98 %%, at least 99 % or
100 % identity to SEQ D NG: 71

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 95 %
identity to SEQ ID NO: 71.

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 96 %,
at least 97 %, at least 98 %, at least 99 % or 100 % tdentity to SEQ 1D NOG: 71,

According to specitic embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID

NGO 71,

According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ ID
NG: 71

According to specific embodiments, 4-1BBL amino acid sequence comprises 100-300
amino acids, 150-250 amino acids, 100-250 amino acids, 150-220 amino acids, 180-220 amino
acids, 180 — 210 amino acids, 185 —~ 205 amino acids, 190-210 amino acids, each possibility
represents a separate embodiment of the present invention.

According to specific embodiments, 4-1BBL amino acid sequence is 190-210 amino acids
in length.

According to specific embodiments, 4-1BBL amino acid sequence is 204 amino acids in

length.

(v

According to specific embodiments, 4-1BBL amino acid sequence ts 185 — 202 amino
acids in length.

According to specific embodiments, 4-1BBL amino acid sequence is 185 — 200 amino
acids in length.

According to specific embodiments, 4-1BBL amino acid sequence 18 185 — 199 amino
acids in length.

According to specific embodiments, 4-1BBL amino acid sequence is 170 — 197 amino
acids in length.

According to specific embodiments, 4-1BBL amino acid sequence is 170 — 182 amino
actds in length.

According to specific embodiments, 4-1BBL amino acid sequence 1s 184 amino acids in

fength.
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According to specific embodiments, 4-1BBL amino acid sequence is 185, 191, 197 or 199

amino acids in length, each possibility represents a separate embodiment of the present invention.

According to specific embodiments, 4-1BBL amino acid sequence is 184 amino acids in
length.

According to specific embodiments, 4-1BBL aminc acid sequence is 183 amino acids in
tength.

According to specific embodiments, 4-1BBL amino acid sequence is 182 amino acids in
length.

According to specific embodiments, 4-1BBL amino acid sequence is 176 amino acids in
length.

According to specific embodiments, the 4-1BBL amino acid sequence comprised in the
SIRPu-1BBL fusion protein or the 4-1BBL polypeptide disclosed herein comprises three repeats
of a 4-1BBL amino acid sequence.

According to specific embodiments, each of the three repeats is capable of at least one of:
(1) binding 4-1BB, (1) activating 4-1BB signaling pathway, (ii1) activating immune cells
expressing 4-1BB, (iv) forming a homotrimer.

According to specific embodiments, the 4-1BBL anuno acid sequence does not comprise
a linker between each of the three repeats of said 4-1BBL amino acid sequence.

According to other specific embodiments, the 4-1BBL amino acid sequence comprises a
finker between each of the three repeats of the 4-1BBL amino acid sequence. Any linker known
in the art can be used with specitic embodiments of the invention. Non-limiting examples of
linkers that can be used are described in details hereinbelow.

According to a specific embodiment, the linker 15 a (GGGGS)x2+GGGG (SEQ 1D NO:
823 linker.

According to specific embodiments, the repeated sequence can be any of the 4-1BBL as
defined herein.

According to specific embodiments, the three repeats have an identical 4-1BBL amino acid
sequence.

According to other specific embodiments, the three repeats are distinct, 1.e. have different
4-1BBL amino acid sequences.

According to other specific embodiments, two of the three repeats have an tdentical 4-
IBBL amino acid sequence.

According to specific embodiments, at least one of the repeats comprises a 4-1BBL amino

acid sequence disclosed herein.
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According to specific embodiments, at least one of the repeats consists of a 4-1BBL amino

acid sequence disclosed herein.

According to specific embodiments, the 4-1BBL aminc acid sequence comprises three
repeats of an amino acid sequence comprising SEQ 1D NO: 23,

According to specific embodiments, the 4-1BBL amino acid sequence comprises three
repeats of an amino acid sequence consisting of SEQ 1D NO: 23

Thus, according to specific embodiments, the 4-1BBL amino acid sequence comprises an
amino acid sequence having at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84
%, at least 85 %, at least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91
%, at least 92 %, at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98
%, at least 99 % or 100 % identity to SEQ 1D NG: 78

According to specific embodiments, the 4-1BBL amino acid sequence comprises an amino
actd sequence having at least 80 % identify to SEQ ID NG: 78

According to specific embaodiments, the 4-1BBL amino acid sequence comprises an amino
acid sequence having at least 35 % identity to SEQ ID NOG: 78,

According to specific embodiments, the 4-1BBL amino acid sequence comprises an amino
actd sequence having at least 90 % identify to SEQ ID NO: 78

According to specific embodiments, the 4-1BBL amino acid sequence comprises an amino
acid sequence having at least 95 % identity to SEQ ID NO: 78.

According to specific embodiments, the 4-1BBL amino acid sequence comprises SEQ 1D
NG: 78,

According to specific embodiments, the 4-1BBL amino acid sequence consists of SEQ ID
NO: 78,

According to specific emnbodiments, the 4-1BBL nucleic acid sequence has at least 70 %,
at least 75 %, at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %,
at least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %,
at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 %
or 100 % identity to SEQ 1D NO: 79,

According to specific embodiments, the 4-1BBL nucleic acid sequence has at least 95 %
identity to SEQ ID NO: 79.

According to spectfic embodiments, the 4-1BBL nucleic acid sequence has at feast 96 %,
at least 97 %, at least 98 Y%, at least 99 % or 100 % identity to SEQ 1D NO: 79,

According to specific embodiments, the 4-1BBL nucleic acid sequence comprises SEQ ID

NG: 79,
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According to specific embodiments, the 4-1BBL nucleic acid sequence consists of SEQ 1D

NGO 79.

The terms “DSP” and “fusion protein”, “chimeric protein” or “chimera” are used herein
interchangeably, and refer to an amino acid sequence having two or more parts which are not found
together in a single amino acid sequence in nature.

The fusion protein of some embodiments of the present invention comprises a SIRPo amino
acid sequence and a 4-1BBL amino acid sequence (referred to herein as a SIRPa-~4-1BBL fusion
protein).

According to specific embodiments, the SIRPo 1s N-terminal to the 4-1BBL.

According to other specific embodiments, the SIRPa 1s C-terminal to the 4-1BBL.

The SIRPa -1BBL fusion protein of some embodiments of the present invention can

comprise any SIRPa as defined herein; and any 4-1BBL amino acid sequence:

{(a) being 185 - 202 amino acids in length and having at least 95 % identity to an amino
acid sequence selected form the group consisting of SEQ 1D NOs: 22, 23, 27 and 28, being 170 —
197 amino acids 1o length haviong at teast 80 % identity to an amino acid sequence selected from
the group consisting of SEQ ID NO: 74 and 76 and not comprising an amino acid segment (3198-
E2035 corresponding to SEQ ID NO: 3, being 170 — 182 amino acids in length having at least 80
% identity to SEQ ID NO: 72 and not comprising an amino acid segment A1-E23 corresponding
to SEQ ID NO: 3 or being 184 amino acids in length having at least 80 % identity to SEQ ID NO:
70; and/or

{b) comprising three repeats of a 4-1BBL amino acid sequence; such as e.g disclosed
herein, each possibility represents a separate embodiment of the present invention. The SIRPg-4-
IBBL fusion protein of some embodiments of the present invention can comprise any SIRPg as
defined herein; and any 4-1BBL arino acid sequence being 185 - 202 amino acids in length and
having at least 95 % identity to an amino acid sequence selected from the group consisting of SEQ
D NOs: 22, 23, 27 and 28 such as e.g disclosed herein, each possibility represents a separate
embodiment of the present invention.

The SIRPg-4-1BBL fusion protein of some embodiments of the present invention can
comprise any SIRPa amino acid sequence being 100 — 119 amino acids in length and having at
feast 95 % identity to SEQ ID NOs: 24 and/or 26 such as e.g. disclosed herein; and any 4-1BBL as
defined herein, each possibility represents a separate embodiment of the present invention.

The SIRPg-4-1BBL fusion protein of some embodiments of the present invention can

comprise any SIRPo amino acid sequence being 100 — 119 amino acids in length and having at
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least 95 % identity to SEQ ID NOs: 24 and/or 26 such as e.g. disclosed herein; and any 4-1BBL

amino acid sequence:

{a) being 185 - 202 amino acids in length and having at least 95 % identity to an amino
actd sequence selected form the group consisting of SEQ 1D NOs: 22, 23, 27 and 28, being 170 -
197 amino acids in length having at least 80 % identity to an amino acid sequence selected from
the group consisting of SEQ ID NG: 74 and 76 and not comprising an anino acid segment G198-
E205 corresponding to SEQ 2 NO: 3, being 170 — 182 amino acids in length having at least 80
% identity to SEQ ID NO: 72 and not comprising an amino acid segment A1-E23 corresponding
to SEQ ID NO: 3 or being 184 amino acids in length having at least 80 % identity to SEQ 1D NO:
70; and/or

{b) comprising three repeats of a 4-1BBL amino acid sequence; such as e.g. disclosed
herein, each possibility represents a separate embodiment of the present invention.

The SIRPg-4-1BBL fusion protein of some embodiments of the present invention can
comprise any SIRPg amino acid sequence being 100 — 119 amino acids in length and having at
least 95 % identity to SEQ 1D NOs: 24 and/or 26 such as e.g. disclosed herein; and any 4-1BBL
amino acid sequence being 185 - 202 amino acids in length and having at least 95 % identity to an
amino acid sequence selected froro the group consisting of SEQ 1D NOs: 22, 23, 27 and 28 such as
e.g. disclosed herein, each possibility represents a separate embodiment of the present invention.

According to specitic embodiments, the SIRPg amino acid sequence has at least 80 %, at
feast 81 %, at least B2 %, at least 83 %, at least 84 %, at least 85 %, at least 86 Y%, at least 87 %, at
feast 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %%, at least 93 %, at least 94 %, at
least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ 1D
NO: 2, 24-26 and/or 29; and the 4-1BBL amino acid sequence:

{(a) is 185 ~ 202 amino acids in length and having at least 95 %, at least 96 %, at least

97 %%, at least 98 %, at least 99 % or 100 % identity to an amino acid sequence selected form the
group consisting of SEQ 1D NOs: 22, 23, 27 and 28, 13 170 — 197 amino acids 1n length having at
least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at
least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at

feast 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity

to an amino acid sequence selected from the group consisting of SEQ ID NO: 74 and 76 and not
comprising an amino acid segment G198-E205 corresponding to SEQ [ NO: 3, 15 170 — 182
amino acids in length having at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84

/

%, at ieast 85 %, at least 86 Y%, at least B7 %, at least 88 %o, at least 89 %, at least 90 %%, at ieast 91

%%, at least 92 %, at least 93 %, at least 94 %%, at least 95 %%, at least 96 %%, at least 97 %, at least 08
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%, at least 99 % or 100 % identity to SEQ ID NO: 72 and not comprising an amino acid segment

A1-H23 corresponding to SEQ 1B NO: 3 or ts 184 amino acids in length having at least 80 %
identity to SEQ ID NO: 70; and/or

{(b) comprises three repeats of a 4-1BBL amino acid sequence; each possibility represents
a separate embodiment of the present invention.

According to specific embodiments, the SIRPu amino acid sequence comprises SEQ 1D
NO: 2, 24-26 or 29; and the 4-1BBL amino acid sequence:

{(a) is 185 - 202 amino acids in length comprising SEQ ID NOs: 22, 23, 27 and 28, is

170 — 197 amino acids in length comprising SEQ ID NO: 74 and 76, is 170 — 182 amino acids in
length comprising SEQ ID NO: 72 or is 184 amino acids in length comprising SEQ 1D NO: 70;
and/or

{b) comprises three repeats of a 4-1BBL amino acid sequence; each possibility represents
a separate embodiment of the present invention.

According to specific embodiments, the SIRPu amino acid sequence is as set forth in SEQ
ID NO: 2, 24-26 or 29; and the 4-1BBL amino acid sequence 1s as set forth in SEQ 1D NOs: 22,
23, 27, 28, 74, 76, 72 or 70, each possibility represents a separate embodiment of the present
invention.

According to specific embodiments, the SIRPg amino acid sequence has at least 80 %, at
feast 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %, at
feast 88 %%, at least B9 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at least 94 %, at
feast 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID
N 2, 24-26 and/or 29; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in length
having at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to
SEQ D NOs: 22,23, 27 and/or 23, each possibility represents a separate erobodirnent of the present
invention.

According to specific embodiments, the SIRPo amino acid sequence comprises SEQ ID
NO: 2, 24-26 or 29; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in length
comprising SEQ ID NOs: 22, 23, 27 or 28, each possibility represents a separate embodiment of
the present invention.

According to specific embodiments, the SIRPa amino acid sequence is as set forth in SEQ
I3 NO: 2, 24-26 or 29; and the 4-1BBL amino acid sequence is as set forth in SEQ 1D NOs: 22,
23, 27 or 28, each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the SIRPa amino acid sequence has at least 80 %, at

least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %, at
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ieast 88 %, at least 89 %, at least 90 %, at least 01 %, at least 92 %, at least 93 %, at least 94 %, at

feast 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID
NO: 2 or 25; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in length having at
feast 95 %4, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID
NOs: 22, 23, 27 and/or 28.

According to specific embodiments, the SIRPu amino acid sequence comprises SEQ 1D
NO: 2 or 25; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in length comprising
SEQ ID NOs: 22, 23, 27 or 28.

According to specific embodiments, the SIRPo amino acid sequence is as set forth in SEQ
ID NO: 2 or 25 and the 4-1BBL amino acid sequence is as set forth in SEQ 1D NO: 22, 23, 27 or
28.

According to specific embodiments, the SIRPa amino acid sequence has at least 80 %, at
feast B1 %o, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at ieast 87 %, at
ieast 88 %, at least 89 %, at least 90 %, at least 01 %, at least 92 %, at least 93 %, at least 94 %, at
feast 95 %, at least 96 %, at least 97 %, at least 98 %%, at least 99 % or 100 % identity to SEQ ID
NO: 2; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in length having at least 95
%, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NQOs: 22
or 23.

According to specific embodiments, the SIRPa amino acid sequence comprises SEQ 1D
NO: 2; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in length comprising SEQ
1D NGs: 22 or 23,

According to specific embodiments, the SIRPo amino acid sequence is as set forth in SEQ
ID NO: 2 and the 4-1BBL amino acid sequence is as set forth in SEQ ID NO: 22 or 23,

According to specific embodiments, the SIRPo amino acid sequence 18 100 — 119 amino
acids in length having at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100
% 1dentity to SEQ ID NO: 24 and/or 26; and the 4-1BBL amino acid sequence has at least 80 %, at
ieast 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %, at
least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at least 94 %, at
feast 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID
NO: 3, 22, 23, 27, 28 and/or 36, each possibility represents a separate embodiment of the present
invention.

According to specific embodiments, the STRPo amino acid sequence 15 100 — 119 amino

actds in length comprising SEQ 1D NO: 24 and/or 26; and the 4-1BBL amno acid sequence
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comprises SEQ D NO: 3, 22, 23, 27, 28 and/or 36, each possibility represents a separate

embodiment of the present tnvention.

According to specific embodiments, the SIRPa amino acid sequence is as set forth in SEQ
D NO: 24 and/or 26; and the 4-1BBL amino acid sequence 18 as set forth in SEQ ID NG: 3, 22,
23,27, 28 and/or 36.

According to specific embodiments, the SIRPo amino acid sequence 18 100 — 119 amino
acids tn length having at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100
% 1dmuty to SEQ ID NO: 24 or 26; and the 4-1BBL amino acid sequence has at least 80 %, at least
81 %%, at least 82 %, at least 83 %, at least B4 %, at least 85 %, at least 86 %, at ieast 87 %, at least
88 %%, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at least 94 %, at least
95 %, at least 96 %, at feast 97 %, at least 98 %, at least 99 % or 100 % identity to SEQ ID NO: 3,

2,23, 27 or 28.

According to specific embodiments, the SIRPo amino acid sequence is 100 - 119 amino
acids in length comprising SEQ ID NO: 24 and/or 26; and the 4-1BBL amino acid sequence
comprises SEQ 1D NQ: 3, 22, 23, 27 or 28.

According to specific embodiments, the SIRPa amino acid sequence is as set forth in SEQ
ID NO: 24 or 26 and the 4-1BBL amino acid sequence is as set forth in SEQ ID NO: 3, 22, 23,27
or 28.

According to specific embodiments, the STRPa amino acid sequence 15 100 — 119 amino
acids tn length having at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100
% identity to SEQ ID NO: 24 and/or 26; and the 4-1BBL amino acid sequence is 185 - 202 amino
acids in length having at least 95 %, at least 90 %, at least 97 %, at least 98 %, at least 99 % or 100
% 1dentity to SEQ ID NOs: 22, 23, 27 and/or 28, each possibility represents a separate embodiment
of the present invention.

According to specific embodiments, the SIRPa amino acid sequence is 100 — 119 amino
acids in length comprising SEQ ID NO: 24 and/or 26; and the 4-1BBL amivno acid sequence is 185
- 202 amino acids in length comprising SEQ ID NOs: 22, 23, 27 and/or 28, each possibility
represents a separate embodiment of the present invention.

According to specific embodiments, the SIRPa amino acid sequence is as set forth in SEQ
1D NO: 24 and/or 26; and the 4-1BBL amino acid sequence is as set forth in SEQ ID NOs: 22, 2
27 and/or 28,

According to specific embodiments, the STRPo amino acid sequence 15 100 — 119 amino
acids tn length having at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 % or 100

% identity to SEQ 1D NO: 24; and the 4-1BBL amino acid sequence is 185 - 202 amino acids in
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length having at least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %,

at least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %,
at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 %
or 100 % identity to SEQ ID NO: 22

According to specific embodiments, the SIRPa amino acid sequence is 100 — 119 amino
acids in length comprising SEQ 1D NO: 24; and the 4-1BBL amino acid sequence is 185 - 202
amino acids in length comprising SEQ 1D NO: 22,

According to specific embodiments, the SIRPu amino acid sequence is as set forth in SEQ
1D NO: 24 and the 4-1BBL amino acid sequence is as set forth in SEQ 1D NO: 22

Non-limiting examples of specific combinations of SIRPa amino acid sequence and 4-
IBBL amino acid sequence which can be used with specific embodiments of the present invention
are provided in Table 4 of the Examples section which follows, which serves as an integral part of
the specification.

According to specific embodiments, the isolated polypeptide comprising the SIRPa amino
acid sequence or the isolated polypeptide comprising the 4-1BBL amino acid sequence is soluble
(i.e., not immobtlized to a synthetic or a naturally occurring surface).

According to specific embodiments, the isolated polypeptide coruprising the SIRPo amino
actd sequence or the isolated polypeptide comprising the 4-1BBL amino acid sequence is
immobilized to a synthetic or a naturally occurring surface.

According to specific embodiments, the SIRPo-4-1BBL fusion protein is soluble (i.e., not
immobilized to a synthetic or a naturally occurring surface).

According to specific embodiments, the SIRPu-4-1BBL fusion protein is immobilized to
a synthetic or a naturally occurring surface.

According to specific embodiments, the SIRPu-4-1BBL fusion protein is in a form of at
least a homo-trimer.

According to specific embodiments, at least 10 %, at least 20 %, at least 30 %, at least 40
%, at least 50 %, at least 60 %, at least 70 %, at least 80 %, at least 90 %, at least 95 % of the
SIRPa-4-1BBL fusion protein 1s in a form of at least a homo-trimer, each possibility represents a
separate embodiment of the present invention.

According to specific embodiments, the at least homo-trimer comprises a homo-trimer.

According to specific embodiments, the at least homo-trimer comprises a homo-tetramer.

According to specific embodiments, the at least homo-trimer comprises a homo-pentamer.

According to specific embodiments, the at least homo-trimer comprises a homo-hexamer.
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Methods of determining trimerization are well known in the art and include, but are not

fimited to NATIVE-PAGE, SEC-HPLC, 2D gels, gel filtration, SEC MALS, Analytical
ultracentrifugation (AUC) Mass spectrometry (MS}, capillary gel electrophoresis (CGE).

According to specific embodiments the at least homo-trimer 18 at least 100 Kd, at least
140 kD, at least 160 kDD, at least 180 kD at least 200 kD, at least 220 kD, at least 240 kD, at least
250 kD 1o molecular weight as determined by SEC MALS.

According to specific embodiments the at least homo-trimer is at least 100 kD in
molecular weight as determined by SEC MALS.

According to specific embodiments, the at least homo-trimer is at least 240 kD in
molecular weight as determined by SEC MALS.

According to specific embodiments, the at least homo-trimer i3 about 250 — 270 kD in
molecular weight as determined by SEC MALS.

According to specific embodiments, the SIRPa-4-1BBL does not comprise a linker
between the SIRPg and the 4-1BBL.

According to specific embodiments the SIRPa-4-1BBL fusion protein comprises a linker

between said SIRPo and said 4-1BBL.

Auy hinker known 1n the art can be used with specific emabodiments of the invention.

According to specific embodiments, the linker may be derived from naturally-occurting
multi-domain proteins or 18 an empirical linker as described, for example, in Chichili et al, (2013),
Protein Sci. 22(2): 153-167, Chen et al, (2013), Adv Drug Deliv Rev. 65(10) 1357-1369, the
entire contents of which are hereby incorporated by reference. In some embodiments, the hinker
may be designed using linker designing databases and computer programs such as those described
in Chen et al, (2013}, Adv Drug Deliv Rev. 65(10): 1357-1369 and Crasto et al (2000), Protein
Eng. 13(5):309-312, the entire contents of which are hereby incorporated by reference.

According to specific embodiments, the linker is a synthetic linker such as PEG.

According to specific embodiments, the linker is an Fe domain or the hinge region of an
antibody (e.g., of IgG, IgA, IgD or IgE) or a fragment thereof.

According to other specific embodiments, the linker 1s not an Fe domain or a hinge region
of an antibody or a fragment thereof

According to specific embodiments, the linker is an F¢ domain or the hinge region of
human IgG4.

According to specific embodiments, the Fc domain linker comprises SEQ 1D NO: 95,

According to specific embodiments, the linker is an Fc domain or the hinge region of

human IgG1.
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According to specific embodiments, the Fc domain linker comprises SEQ ID NO: 96.

According to specific embodiments, the Fe domain or the hinge region linker may
comprise conservative and non-conservative amino acid substitutions (also referred to herein as
mutations).  Such substitutions are known 1n the art. According to specific embodiments, the
linker may be functional. For example, without limitation, the linker may function to improve the
folding and/or stability, improve the expression, improve the pharmacokinetics, and/or improve
the bioactivity of the SIRPa-4-1BBL fusion protein. In ancther example, the linker may function
to target the SIRPo-4-1BBL fusion protein to a particular cell type or location.

According to specific embodiments, the linker is a polypeptide.

Non-limiting examples of polypeptide linkers include linkers having the sequence LE,
GGGGS (SEQ D NO: 85}, (GGGGS) (n=1-4) (SEQ ID NO: 84), GGGGSGGGG (SEQ ID NO:
83), (GGGGS)x2 (SEQ 1D NO: 86), (GGGGS2+GGGG (SEQ ID NO: 82), (Glyk, (Gly)s,
(EAAAK). (n=1-3) (SEQ ID NO: 87), A(EAAAKRA (n = 2-5) (SEQ ID NO: B8),
AEAAAKEAAAKA (SEQ ID NO: 89), A(FBAAAKLALEA(EAAAKMA (SEQ ID NO: 90),
PAPAP (SEQ ID NO: 91), K ESGSVSS EQ LAQ FRS LD (SEQ ID NO: 92),
EGKSSGSGSESKST (SEQ ID NO: 93), GSAGSAAGSGEF (SEQ 1D NG: 94), and (XP},, with
X designating any amino acid, e.g., Ala, Lys, or Glu.

According to specific embodiments, the hinker ts selected from the group counsisting of
GGGGS (SEQ ID NO: 85), (GGGGSh (n=1 -4) (SEGQ ID NO: 84), GGGGSGGGG (SEQ ID NO:
83}, (GGGGS2 (SEQ ID NG: 863, (GGGGSx2+GGGG (SEQ 1D NO: 82).

According to specific embodiments, the linker 1s a (GGGGS){n=1-4) (SEQ ID NO: 84)
linker.

According to specific embodiments, the linker is GGGGSx2 (SEQ ID NO: 86) linker.

According to specific embodiments, the linker 1s a GGGGSGGGG (SEQ 1D NO: 83)
linker.

According to specific embodiments, the hinker 15 a (GGGGS2+GGGE (SEQ 1D NO: 82)
linker.
In some embodiments, the SIRPu-4-1BBL comprises a linker at a length of one to six amino
actds.

According to specific embodiments, the linker is substantially comprised of glycine and/or
serine residues (e.g. about 30%, or about 40%, or about 50%, or about 60%, or about 70%, or
about 80%, or about 90%, or about 95%, or about 97% or 100 % glycines and serines).

According to specific embodiments, the linker 1s a single amino acid Hoker.
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in some embodiments of the invention, the amino acid which links SIRP¢ and 4-1BBL is

glycine, also referred to herein as SIRPa-G-4-1BBL fusion protein.

According to specific embodiments, the SIRPu-4-1BBL fusion protein amino acid sequence
comprises an amino acid sequence having at least 95 % identity to an amino acid sequence selected
from the group consisting of SEQ ID NO: 11, 13, 15, 16, 18-21 and 45-49, each possibility
represents a separate embodiment of the present invention.

According to specific embodiments, the SIRPou-4-1BBL fusion protein amino acid sequence
comprises an amino acid sequence having at least 96 %, at least 97 %, at least 98 %, at least 99 %
identity to an amino acid sequence selected from the group consisting of SEQ ID NO: 11, 13, 15,
16 and 18-21 and 45-49, each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the SIRPo-4-1BBL fusion protein amino acid sequence
comprises an amino acid sequence having at least 95 % identity to an amino acid sequence selected
from the group counsisting of SEQ ID NO: 11, 13, 15, 16 and 18-21.

According to specific embodiments, the SIRPo-4-1BBL fusion protein amino acid sequence
comprises an amino acid sequence having at least 96 %, at feast 97 %, at least 98 %, at least 99 %
identity to an amino acid sequence selected from the group consisting of SEQ D NO: 11, 13, 15,
16 and 18-21.

According to specific embodiments, the SIRPo-4-1BBL fuston protein amino acid
sequence comprises an amino acid sequence having at least 95 % identity to an amino acid
sequence selected from the group counsisting of SEQ ID NO: 11, 13 and 106

According to specific embodiments, the SIRPg-4-1BBL fusion protein amino acid
sequence has at least 95 % identity to SEQ ID NG: 11

According to specific embodiments, the SIRPu-4-1BBL fusion protein amino acid
sequence has at least 95 % identity to SEQ ID NG: 13.

According to specific embodiments, the SIRPo-4-1BBL fusion protein amino acid
sequence has at least 95 % identity to SEQ ID NO: 16,

According to specific embodiments, the SIRPu-4-1BBL fusion protein amino acid
sequence comprises an amino acid sequence having at least 96 Y%, at least 97 %, at least 98 %, at
feast 99 % identity to an amino acid sequence selected from the group consisting of SEQ 1D NO:
11, 13 and 16.

According to specific embodiments, the SIRPo-4-1BBL fuston protein amino acid
sequence comprises an amino acid sequence selected from the group consisting of SEQ 1D NO:
11,13, 15, 16, 18-21 and 45-49, each possibility represents a separate embodiment of the present

invention.
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According to specific embodiments, the SIRPu-4-1BBL fusion protein amino acid

sequence comprises an amino acid sequence selected from the group consisting of SEQ ID NO:
11, 13, 15, 16 and 18-21.

According to specific embodiments, the SIRPo~4-1BBL fusion protein amino acid
sequence comprises an amino acid sequence selected from the group consisting of SEQ 1D NO:
11, 13 and 16.

According to specific embodiments, the SIRPo-4-1BBIL fusion protein amino acid
sequence comprises SEQ D NG: 11

According to specific embodiments, the SIRPo-4-1BBL fuston protein amino acid
sequence comprises SEQ ID NO: 13,

According to specific embodiments, the SIRPo-4-1BBIL fusion protein amino acid
sequence comprises SEQ D NG: 16

According to specific embodiments, the SIRPo-4-1BBL fuston protein amino acid
sequence consists of an amino acid sequence selected from the group consisting of SEQ ID NO:
11, 13, 15, 16, 18-21 and 45-49, each possibility represents a separate embodiment of the present
invention.

According to specific embodiments, the SIRPo~4-1BBL fusion protein amino acid
sequence consists of an amino acid sequence selected from the group cousisting of SEQ 1D NO:
11, 13,15, 16 and 18-21.

According to specific embodiments, the SIRPo-4-1BBIL fusion protein amino acid
sequence consists of an amino acid sequence selected from the group consisting of SEQ ID NO:
11, 13 and 16.

According to specific embodiments, the SIRPu-4-1BBL fusion protein amino acid
sequence consists of SEQ IDNG: 11

According to specific embodiments, the SIRPo-4-1BBL fusion protein amino acid
sequence consists of SEQ ID NG: 13,

According to specific embodiments, the SIRPu-4-1BBL fusion protein amino acid
sequence consists of SEQ ID NO: 16,

According to specific embodiments, the SIRPg-4-1BBL fusion protein is 200 — 900 amino
acids, 200 — 800 amino acids, 200 — 700 amino acids, 250 — 630 amino acids, 250 — 600 amino
acids, 250 - 550 amino acids in length, each possibility represents a separate embodiment of the
present invention.

According to a specific embodiment, the SIRPa-4-1BBL fusion protein is 270 —~ 750 amino

acids in length.
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According to a specific embodiment, the SIRPa-4-1BBL fusion protein 1s 290 — 750 amino

acids in length.

According to a specific embodiment, the SIRPg-4-1BBL fusion protein is 290 — 550 amino
actds in length.

According to a specific embodiment, the SIRPa-4-1BBL fusion protein 1s 297 — 543 amino
acids in length.

According to a specific embodiment, the SIRPa-4-1BBL fusion protein is 296 — 542 amino
acids in length.

Non-limiting examples of specific SIRPa-4-1BBL fusion proteins which can be used with
specific embodiments of the present invention are provided in Table 4 of the Examples section
which follows, which serves as an integral part of the specification.

According to specific embodiments, the production yield of the SIRPo-4-1BBL fusion
protein of some embodiments of the present tnvention is at least 1.5 fold, at least 2 fold, at least
2.5 fold, at least 3 fold, at least 5 fold higher than the production yield of a SIRPu-4-1BBL fusion
protein comprising a SIRPo amino acid sequence as set forth in SEQ ID NO: 2 and a 4-1BBL
amino acid sequence as set forth in SEQ ID NQG: 3, under the same production conditions, each
possibility represents a separate embodiment of the present invention.

According to specific embodiments, the production yield of the SIRPu-4-1BBL fusion
protein of some embodiments of the present invention is at least 1.5 fold higher than the production
yield of a SIRPo-4-1BBL fusion protein comprising a SIRPg amino acid sequence as set forth in
SEQ ID NO: 2 and a 4-1BBL amino acid sequence as set forth in SEQ ID NG: 3, under the same
production conditions.

According to specific embodiments, the production yield of the SIRPu-4-1BBL fusion
protein of some embodiments of the present invention is at least 2 fold higher than the production
yield of a SIRPa-4-1BBL fusion protein comprising a SIRPg amino acid sequence as set forth in
SEQ ID NO: 2 and a 4-1BBL amino acid sequence as set forth in SEQ ID NGO: 3, under the same
production conditions.

According to specific embodiments, the production yield of the SIRPu-4-1BBL fusion
protein of some embodiments of the present invention is at least 1.5 fold, at least 2 fold, at least
2.5 told, at least 3 fold, at least 5 fold higher than the production yield of a SEQ ID NO: 5, under
the same production conditions each possibility represents a separate embodiment of the present

invention.
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According to specific embodiments, the production yield of the SIRPu-4-1BBL fusion

protein of some embodiments of the present invention is at least 1.5 fold higher than the production
yield of SEQ ID NO: 5 under the same production conditions.

According to specitic embodiments, the production yield of the SIRPe-4-1BBL fusion
protein of some embodiments of the present invention is at least 2 fold higher than the production
yield of a SEQ ID NO: S under the same production conditions.

According to specific embodiments, the production yield of the isolated polypeptide
comprising the SIRPa amino acid sequence of some embodiments of the present invention is at
least 1.5 fold, at least 2 fold, at least 2.5 fold, at least 3 fold, at least 5 fold higher than the
production yield of SEQ ID NO: 2, under the same production conditions, each possibility
represents a separate embodiment of the present invention.

According to specific embodiments, the production yield of the isolated polypeptide
comprising the 4-1BBL amino acid sequence of some embodiments of the present invention is at
least 1.5 fold, at least 2 fold, at least 2.5 fold, at least 3 fold, at least 5 fold higher than the
production yield of SEQ ID NO: 3, under the same production conditions, each possibility
represents a separate embodiment of the present invention.

According to specific embodiments, the amount of aggregates of the SIRPa-4-1BBL fusion
protein of some embodiments of the present invention is at least 20 %, at least 30 %, at least 40
%, at least SO %, at least 60 %, at least 70 %, at least 80 %, at least 90 % or at least 95 % lower
than the amount of aggregates of a SIRPo-4-1BBL fusion protein comprising a SIRPa amino acid
sequence as set forth in SEQ ID NO: 2 and a 4-1BBL amino acid sequence as set forth in SEQ ID
NO: 3, under the same production conditions, each possibility represents a separate embodiment
of the present invention.

According to specific embodiments, the amount of aggregates of the SIRPu-4-1BBL fusion

O/

protein of some embodiments of the present invention is at least 20 %, at least 30 %, at least 40
%, at least 50 %, at least 60 %, at least 70 %, at least 80 %, at least 90 % or at least 95 % lower
than the amount of aggregates of a SEQ ID NO: 5, under the same production conditions each
possibility represents a separate embodiment of the present invention.

According to specific embodiments, the amount of aggregates of the SIRPa-4-1BBL fusion
protein of some embodiments of the present invention is at least 20 % lower than the amount of
aggregates of a SEQ ID NO: 5, under the same production conditions each possibility represents
a separate embodiment of the present invention.

According to specific embodiments, the amount of aggregates of the SIRPa-4-1BBL fusion

protein of some embodiments of the present invention is at least 50 % lower than the amount of
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aggregates of a SEQ ID NO: 5, under the same production conditions each possibility represents

a separate embodiment of the present invention.

According to specific embodiments, the activity of the SIRPa-4-1BBL fusion protein of
some embodiments of the present invention is at teast 1.5 fold, at feast 2 fold, at least 2.5 fold, at
least 3 fold, at least 5 fold higher than the activity of a SIRPa-4-1BBL fusion protein comprising
a SIRPu amino acid sequence as set forth in SEQ D NO-: 2 and a 4-1BBL amino acid sequence as
set forth in SEQ ID NO: 3, e.g under the same production conditions, each possibility represents
a separate embodiment of the present invention.

According to specific embodiments, the activity of the SIRPe-4-1BBL fusion protein of
some embodiments of the present invention 1s at least 1.5 fold, at least 2 fold, at least 2.5 fold, at
feast 3 fold, at least 5 fold higher than the activity of a SEQ 1D NO: S, e.g under the same
production conditions each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the activity of the tsolated polypeptide comprising the
SIRPa amino acid sequence of some embodiments of the present invention is at least 1.5 fold, at
teast 2 fold, at least 2.5 fold, at least 3 fold, at least 5 fold higher than the activity of SEQ 1D NO:
2, e.g. under the same production conditions, each possibility represents a separate embodiment of
the present invention.

According to specific embodiments, the activity of the tsolated polypeptide comprising the
4-1BBL amino acid sequence of some embodiments of the present invention s at least 1.5 fold, at
feast 2 fold, at least 2.5 fold, at least 3 fold, at least 5 fold higher than the activity of SEQ 1D NO:
3, e.g. under the same production conditions, each possibility represents a separate embodiment of
the present invention.

According to specific embodiments, the stability of the SIRPa-4-1BBL fusion protein of
some embodiments of the present tnvention 18 at teast 1.5 fold, at least 2 fold, at least 2.5 fold, at
least 3 fold, at least 5 fold higher than the stability of a SIRPo-4-1BBL fusion protein comprising
a SIRPo amino acid sequence as set forth in SEQ 1D NO: 2 and a 4-1BBL amino acid sequence as
set forth in SEQ D NO: 3, under the same production conditions, each possibility represents a
separate embodiment of the present invention.

According to specific embodiments, the stability of the SIRPg-4-1BBL fusion protein of
some embodiments of the present invention is at least 1.5 fold, at least 2 fold, at least 2.5 fold, at
least 3 fold, at ieast S fold higher than the stability of a SEQ [ N 5, under the same production
conditions each possibility represents a separate embodiment of the present invention.

According to specitic embodiments, the stability of the isolated polypeptide comprising the

SIRPa amino acid sequence of some embodiments of the present invention is at least 1.5 fold, at
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least 2 fold, at least 2.5 fold, at feast 3 fold, at least 5 fold higher than the stability of SEQ ID NO:

2, under the same production conditions, each possibility represents a separate embodiment of the
present invention.

According to specific embodiments, the stability of the isolated polypeptide comprising the
4-1BBL amino acid sequence of some embodiments of the present invention is at least 1.5 fold, at

teast 2 fold, at least 2.5 fold, at least 3 fold, at least 5 fold higher than the stability of SEQ 1D NO:

3, under the same production conditions, each possibility represents a separate embodiment of the
present invention.

According to spectfic embodiments, the safety of the SIRPg-4-1BBL fusion protein of
some embodiments of the present invention 1s at least 1.5 fold, at least 2 fold, at least 2.5 fold, at
feast 3 fold, at least S fold higher than the safety of a SIRPo-4-1BBL fusion protein comprising a
SIRPo amino acid sequence as set forth in SEQ 1D NG: 2 and a 4-1BBL amino acid sequence as
set forth in SEQ 1D NO: 3, under the same production conditions, each possibility represents a
separate embodiment of the present invention.

According to specific embodiments, the safety of the SIRPo-~4-1BBL fusion protein of
some embodiments of the present invention is at least 1.5 fold, at least 2 fold, at least 2.5 fold, at
least 3 fold, at least 5 fold hugher than the safety of a SEQ ID NO: 5, under the same production
conditions each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the safety of the isolated polypeptide comprising the
SIRPa amino acid sequence of some embodiments of the present invention is at least 1.5 fold, at
least 2 fold, at least 2.5 fold, at least 3 fold, at least 5 fold higher than the safety of SEQ ID NO:
2, under the same production conditions, each possibility represents a separate embodiment of the
present invention.

According to specific embodiments, the safety of the isolated polypeptide comprising the
4-1BBL amino acid sequence of some embodiments of the present invention is at least 1.5 fold, at
least 2 fold, at feast 2.5 fold, at least 3 fold, at feast 5 fold higher than the safety of SEQ 1D NO:
3, under the same production conditions, each possibility represents a separate embodiment of the
present invention. According to specific embodiments, the production condition comprises
expression in a mammalian cell and culturing at 32 - 37 °C, 5§ - 10 % CO» for 5 - 13 days.

Non-limiting examples of production conditions that can be used with specific
embodiments of the invention are disclosed in the Examples section which follows.

Thus, for example an expression vector encoding the fusion protein, the isolated
polypeptide comprising the SIRPa amino acid sequence or the isolated polypeptide comprising

the 4-1BBL amino acid sequence including an artificial signal peptide (e.g. SEQ ID NQO: 4} in the
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N terminus and His-tag and a stop codon in the C terminus, is expressed in mammalian cells such

as Expi293F or ExpiCHO cells. The transduced cells are then cultured at 32 - 37°C 510 % CO;
in cell-specific culture medium according to the Expi293F or ExpiCHO cells manufacturer
instructions (Therro) and following at least 5 days in culture the proteins are collected from the
supernatant and purified.

According to specific embodiments the culture 1s operated in a batch, split-batch, ted-batch,

or perfusion mode.

According to specific embodiments, the culture is operated under fed-batch conditions.

According to specific embodiments, the culturing is effected at 37 °C.

According to specific embodiments, the culturing it effected at 37 °C with a term shift to

32 °C. This tem shift can be effected to slow down cells metabolism prior to reaching a stationary
phase.

According to specific embodiments, the isolated polypeptide comprising the SIRPa amino
acid sequence is capable of binding CD47.

According to specific embodiments, the isolated polypeptide comprising the SIRPa amino
acid sequence is capable of enhancing phagocytosis of pathologic cells expressing CD47 by
phagocytes compared to same in the absence of the isolated polypeptide comprising the SIRPa
amino acid sequence.

According to specific embodiments, the isolated polypeptide comprising the SIRPo amino
acid sequence of some embodiments of the present invention has an enhanced activity as disclosed
herein compared to SEQ ID NO: 2.

According to specific embodiments, the isolated polypeptide comprising the 4-1BBL

amino acid sequence is capable of at least one of:

(1) binding 4-1BB,

(i)  activating said 4-1BB signaling pathway in a cell expressing said 4-1BB; and/or

(1)  co-stimulating immune cells expressing said 4-1BB.

According to specific embodiments, the isolated polypeptide comprising the 4-1BBL
amino acid sequence of some embodiments of the present invention has an enhanced activity as
disclosed herein compared to SEQ 1D NQO: 3.

According to specific embodiments, the isolated polypeptide comprising the 4-1BBL

amino acid sequence is capable of (i), (11}, (i1}, ((n), (O+Gu), (i), GG+

According to specific embodiments, the SIRPa-4-1BBL fusion protein is capable of least
one of’

(i} binding CD47 and 4-1BB,
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(1) activating 4-1BB signaling pathway in an immune cell (e.g. T cell) expressing 4-1BB;

(iitjactivating immune celis (e.g T cells) expressing said 4-1BB; and/or
{(iv)enhancing phagocytosis of pathologic cells expressing CD47 by phagocytes compared to
same in the absence of SIRPu-4-1BBL fusion protein.

According to specific embodiments, the SIRPg-4-1BBL fusion protein of some
embodiments of the present invention has an enhanced activity as disclosed herein compared to a
fusion protein comprising a SIRPa amino acid sequence as set forth in SEQ ID NO: 2 and a 4-
IBBL amino acid sequence as set forth in SEQ ID NO: 3.

According to specific embodiments, the SIRPe-4-1BBL fusion protein of some
embodiments of the present invention has an enhanced activity as disclosed herein compared to
SEQ ID NO: 5.

According to specific embodiments, the SIRPa-4-1BBL fusion protein is capable of (i),
(i), (ui), (i), (G, (G, (), @, Gy, @@ ), @ ED+Gy), GHGy).

According to specific embodiments, the SIRPo-4-1BBL fusion protein is capable of
(G yHGIDHEV).

Methods of determining binding, activating 4-1BB signaling pathway and activating
iromune cells are well known in the art and are turther described hereinabove and below and 1o
the Hxamples section which follows.

According to specific embodiments, the SIRPu-4-1BBL fusion protein or the isolated
polypeptide comprising the SIRPg amino acid sequence enhances phagocytosis of pathologic cells
expressing CD47 by phagocytes.

Methods of analyzing phagocytosis are well known in the art and are also disclosed in
Experiment 4 in the Examples section which follows; and include for examples killing assays,
flow cytometry and/or microscopic evaluation (live cell imaging, fluorescent microscopy confocal
microscopy, electron microscopy).

According to specific embodiments the enhancement in phagocytosis s at least 1.5 fold, at
least 2 told, at least 3 fold, at least 5 fold, at least 10 fold, or at feast 20 fold as compared to same
in the absence of the SIRPua-4-1BBL fusion protein or the isolated polypeptide comprising the
SIRPa amino acid sequence, the polynucleotide or nucleic acid construct encoding same or the
host cell expressing same of the present invention, as determined by e g flow cytometry or
microscopic evaluation.

According to other specific embodiments the increase in survival is by at least 5 %, by at
feast a 10 %, at least 20 %, at least 30 %, at least 40 %, at least 50 %, at least 60 %, at least 70 %,

at least 80 %, at least 90 %, at least 95 % or at least 100 % as compared to same in the absence of
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the SIRPo-4-1BBL fusion protein or the isolated polypeptide comprising the SIRPa amino acid

sequence, the polynucleotide or nuclete acid construct encoding same or the host cell expressing
same of the present invention, as determined by e.g. flow cytometry or microscopic evaluation.

As the compositions of some embodiments of present invention {(e.g. the fusion protein,
the isolated polypeptide comprising the SIRPa amino acid sequence, the isclated polypeptide
comprising the 4-1BBL amino acid sequence, a polynucleotide or nucleic acid encoding same or
a host cell expressing same) are capable of activating immune cells, they can be used in methods
of activating immune cells, in-vitro, ex-vivo and/or in-vivo.

Thus, according to an aspect of the present tnvention, there ts provided a method of
activating immune cells, the method comprising in-vitro or ex-vivo activating immune cells in the
presence of the SIRPu-4-1BBL fusion protein, the isolated polypeptide comprising the SIRPg
amino acid sequence and/or the isolated polypeptide comprising the 4-1BBL amino acid sequence
disclosed herein, a polynuclectide encoding same, a nucleic acid construct encoding same or a
host cell expressing same.

According to another aspect of the present invention, there is provided a method of
activating T cells, the method comprising in-vitro or ex-vivo activating T cells in the presence of
the SIRPu-4-1BBL fusion protein disclosed herein and cells expressing CD47,

According to another aspect of the present invention, there is provided a method of
activating phagocytes, the method comprising in-vitro or ex-vivo activating phagocytes in the
presence of the SIRPe-4-1BBL fusion protein and/or the isolated polypeptide comprising the
SIRPo amino acid sequence disclosed herein and cells expressing CD47.

According to specific embodiments, the activating is in the presence of the SIRPa-4-1BBL
tusion protein, a polynucleotide encoding same, a nucleic acid construct encoding same or a host
cell expressing same.

According to specific embodiments, the activating is in the presence of the isolated
polypeptide comprising the SIRPu amino acid sequence, a polynuciectide encoding same, a
nucleic acid construct enceding same or a host cell expressing same.

According to specific embodiments, the activating is in the presence of the isolated
polypeptide comprising the 4-1BBL amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same.

According to specific embodiments, the activating is in the presence of the isolated
polypeptide comprising the SIRPo amino acid sequence, a polynucleotide encoding same, a

nucleic acid construct encoding same or a host cell expressing same; and the 4-1BBL amino acid
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sequence, a polynucleotide encoding same, a nucleic acid construct encoding same or a host cell

expressing same.

According to specific embodiments, the immune cells express 4-18B.

According to specific embodiments, the immune cells comprise peripheral mononuclear
blood cells (PBMCs).

As used herein the term “penpheral mononuclear blood cells (PBMCs)” refers to a blood
cell having a single nucleus and includes lymphocytes, monocytes and dendritic cells (DCs}.

According to specific embodiments, the PBMCs are selected from the group consisting of
dendritic cells (BCs), T cells, B cells, NK cells and NKT cells.

According to specific embodiments, the PBMCs comprise T cells, B cells, NK cells and
NKT cells.

Methods of obtaining PBMCs are well known 1n the art, such as drawing whole blood from
a subject and collection in a container containing an anti-coagulant {e.g. heparin or citrate); and
apheresis. Following, according to specific embodiments, at least one type of PBMCs is purified
from the peripheral blood. There are several methods and reagents known to those skilled in the
art for purifying PBMCs from whole blood such as leukapheresis, sedimentation, density gradient
centrifugation {e.g. ficoll), centrifugal elutriation, fractionation, chemical lysis of e.g. red blood
cells {e.g. by ACK}, selection of specific cell types using cell surface markers (using e.g. FACS
sorter or magnetic cell separation techniques such as are commercially available eg from
lnvitrogen, Stemcell Technologies, Cellpro, Advanced Magnetics, or Miltenyi Biotec.), and
depletion of specific cell types by methods such as eradication (e.g killing) with specific
antibodies or by atfinity based purification based on negative selection (using e.g. magnetic cell
separation technigues, FACS sorter and/or capture ELISA labeling). Such methods are described
for example in THE HANDBOOK OF EXPERIMENTAL IMMUNOLOGY, Volumes 1 to 4,
(D N. Weir, editor) and FLOW CYTOMETRY AND CELL SORTING (A, Radbruch, editor,
Springer Verlag, 2000).

According to specific embodiments, the immune cells comprise tumor infiltrating
lymphocytes.

As used herein the term “tumor infiltrating lymphocytes (TilLs) refers to mononuclear
white blood cells that have lest the bloodstream and migrated into a tumor.

According to specific embodiments, the TILs are selected from the group consisting of T
cells, B cells, NK cells and monocytes.

Methods of obtaining TlLs are well known in the art, such as obtaining tumor samples

from a subject by e.g. biopsy or necropsy and preparing a single cell suspension thereof. The



v

10

2
<

WO 2020/012486 PCT/IL2019/050783

53
single cell suspension can be obtained in any suitable manner, e.g., mechanically (disaggregating

the tumor using, e.g., a gentleMACS({TM)} Dissociator, Miltenyi Biotec, Auburn, Calif} or
enzymatically (e.g., collagenase or DNase). Following, the at least one type of TILs can be purified
from the cell suspension. There are several methods and reagents known to those skilled in the art
for purifying the desired type of TILs, such as selection of specific cell types using cell surface
markers (using e.g. FACS sorter or magnetic cell separation techniques such as are commercially
available e.g. from Invitrogen, Stemcell Technologies, Cellpro, Advanced Magnetics, or Miltenyi
Biotec ), and depletion of specific cell types by methods such as eradication (e g killing) with
specific antibodies or by affinity based purnfication based on negative selection (using e.g.
magnetic cell separation techniques, FACS sorter and/or capture ELISA labeling). Such methods
are described for example in THE HANDBOOK OF EXPERIMENTAL IMMUNOLOGY,
Volumes | to 4, (DN, Weir, editor) and FLOW CYTOMETRY AND CELL SORTING (A.
Radbruch, editor, Springer Verlag, 2000).

According to specific embodiments, the immune cells comprise phagocytes.

As used herein, the term “phagocytes” refer to a cell that is capable of phagocytosis and
include both professional and non-professional phagocytes. Methods of analyzing phagocytosis
are well known in the art and are turther disclosed hereinabove and below. According to specific
embodiments, the phagocytic cells are selected from the group cousisting of monocytes, dendritic
cells (DCs) and granulocytes.

According to specific embodiments, the phagocytes comprise granulocytes.

According to specific embodiments, the phagocyies comprise monocytes.

According to specific embodiments, the immune cells comprise monocytes.

According to specific embodiments, the term “monocytes” refers to both circulating
monocytes and to macrophages (also referred to as mononuclear phagocyies) present in a tissue.

According to specific embodiments, the monocytes comprise macrophages. Typically, cell
surface phenotype of macrophages include CD14, CD40, CD11ib, CDo4, F4/80 (mice)EMRI
{(human), lysozyme M, MAC-1/MAC-3 and CD68.

According to specific embodiments, the monocytes comprise circulating monocytes.
Typteally, cell surface phenotypes of circulating monocytes include CP14 and CD16 (e g CDI14++
CD16-, CDI4+CDI6+, CDI14++CD16+).

According to specific embodiments, the immune cells comprise DCs.

As used herein the term “dendritic cells (DCs)” refers to any member of a diverse
population of morphologically similar cell types found in lymphoid or non-lymphoid tissues. DCs

are a class of professional antigen presenting cells, and have a high capacity for sensitizing HLA-
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restricted T cells. DCs include, for example, plasmacytoid dendritic cells, myeloid dendritic cells

(including immature and mature dendritic cells), Langerhans cells, interdigitating cells, follicular
dendritic cells. Dendritic cells may be recognized by function, or by phenotype, particularly by
cell surface phenotype. These cells are characterized by thewr distinctive morphology having veil-
like projections on the cell surface, intermediate to high levels of surface HLA-class Il expression
and ability to present antigen to T cells, particularly to naive T cells (See Steinman R, et al,, Ann.
Rev. Immunol. 1991; 9:271-196.). Typically, cell surface phenotype of DCs include CPlat,
CD4+, CD86+, or HLA-DR. The term DCs encompasses both immature and mature DCs.

According to specific embodiments, the immune cells comprise granulocytes.

As used herein, the tern “granulocytes” refer to polymorphonuclear leukocytes
characterized by the presence of granules in their cytoplasm.

According to specific embodiments, the granulocytes comprise neutrophils.

According to specific embodiments, the granulocytes comprise mast-cells.

According to specific embodiments the immune cells comprise T cells.

As used herein, the term “T cells” refers to a differentiated lymphocyte with a CD3+, T
cell receptor (TCR)+ having either CD4+ or CD8+ phenotype. The T cell may be either an effector
or a regulatory T cell.

As used herein, the term “effector T cells” refers to a T cell that activates or directs other
immune cells e.g. by producing cytokines or has a cytotoxic activity e.g., CD4+, Th1/Th2, CD8+
cytotoxic T lymphocyte.

As used herein, the term “regulatory T cell” or “Treg” refers to a T cell that negatively
regulates the activation of other T cells, including effector T cells, as well as innate immune system
cells. Treg cells are characterized by sustained suppression of etfector T cell responses. According
to a specific embodiment, the Treg is a CD4+CD25+Foxp3+ T cell.

According to specific embodiments, the T cells are CD4+ T cells.

According to other specific embodiments, the T cells are CD8+ T cells.

According to specific embodiments, the T cells are memory T celis. Non-limiting
examples of memory T cells include effector memory CD4+ T cells with a CD3+/CD4+/CD45RA-
/CCR7- phenotype, central memory CB4+ T cells with a CD3+/CD4+/CD45SRA-/CCRT+
phenotype, effector memory CD8+ T cells with a CD3+/CD8+ CD45RA-/CCR7-phenotype and
central memory CD&+ T cells with a CD3+/CD8+ CD45SRA-/CCR7+ phenotype.

According to specific embodiments, the T cells comprise engineered T cells transduced

with a nucleic acid sequence encoding an expression product of interest.



v

10

2
<

WO 2020/012486 PCT/IL2019/050783

55
According to specific embodiments, the expression product of interest is a T cell receptor

{TCR} or a chimeric antigen receptor (CAR}).

As used herein the phrase "transduced with a nucleic acid sequence encoding a TCR" or
“transducing with a nucleic acid sequence encoding a TCR” refers to cloning of variable o~ and f-
chains from T cells with specificity against a desired antigen presented in the context of MHC.
Methods of transducing with a TCR are known in the art and are disclosed e.g. in Nicholson et al.
Adv Hematol. 2012; 2012:404081; Wang and Riviére Cancer Gene Ther. 2015 Mar;22(2):85-94),
and Lamers et al, Cancer Gene Therapy (2002) 9, 613-623.

As used herein, the phrase "transduced with a nucleic acid sequence encoding a CAR" or
“transducing with a nucleic acid sequence encoding a CAR” refers to cloning of a nucleic acid
sequence encoding a chimeric antigen receptor (CAR), wheretn the CAR comprises an antigen
recognition motety and a T-cell activation moiety. A chimeric antigen receptor (CAR) is an
artificially constructed hybrid protein or polypeptide containing an antigen binding domain of an
antibody (e.g., a single chain variable fragment (sckv)) linked to T-cell signaling or T-cell
activation domains. Method of transducing with a CAR are known in the art and are disclosed e.g.
in Davila et al. Oncoimmunology. 2012 Dec 1;1(9):1577-1583; Wang and Riviere Cancer Gene
Ther. 2015 Mar;22(2).85-94); Maus et al. Blood. 2014 Apr 24;123(17)2625-35; Porter DL The
New England journal of medicine. 2011, 365(8).725-733; Jackson HJ, Nat Rev Clin Oncol.
2016;13(6):370-383; and Globerson-Levin et al. Mol Ther. 2014;22(5):1029-1038.

According to spectfic embodiments, the immune cells comprise B cells.

As used herein the term “B cells” refers to a lymphocyte with a B cell receptor (BCR)+,
CD19+ and or B220+ phenotype. B cells are characterized by their ability to bind a specific
antigen and elicit a humoral response.

According to specific embodiments, the immune cells comprise NK cells.

As used herein the term “NK cells” refers to differentiated lymphocytes with a CD16+
CDSo+ and/or CDS7+ TCR- phenotype. NK are characterized by their ability to bind to and kili
cells that fail to express “self” MHC/HLA antigens by the activation of specific cytolytic enzymes,
the ability to kill tumor cells or other diseased cells that express a ligand for NK activating
receptors, and the ability to release protetn molecules called cytokines that stimulate or inhibit the
inmune response.

According to specific embodiments, the immune cells comprise NKT cells.

As used herein the term “NKT cells” refers to a specialized population of T cells that
express a semi-invartant aff T-cell receptor, but also express a variety of molecular markers that

are typically associated with NK cells, such as NK1.1. NKT cells include NK1.1+ and NK1.1—,
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as well as CD4+, CD4— CD8+ and CD8— cells. The TCR on NKT cells is unique in that it

recognizes glycolipid antigens presented by the MHC I-like molecule CD1d. NKT cells can have
either protective or deleterious effects due to their abilities to produce cytokines that promote etther
inflammation or immune tolerance.

According to specific embodiments, the immune cells are obtained from a healthy subject.

According to specific embodiments, the immune cells are obtained from a subject suffering
from a pathology {(e.g. cancer).

According to specific embodiments, the activating is in the presence of cells expressing
C47 or exogenous CD47.

According to specific embodiments, the activating is 1n the presence of exogenous CD47,

According to specific embodiments, the exogenous CI347 is soluble.

According to other specific embodiments, the exogenous CD47 is immobilized to a solid
support.

According to specific embodiments, the activating is in the presence of cells expressing
Ch47.

According to specific embodiments, the cells expressing the CD47 comprise pathologic
{diseased) cells.

According to specific embodiments, the cells expressing the CD47 comprise cancer cells.

According to specific embodiments, the activating is in the presence of a stimulatory agent
capable of at least transmitting a primary activating signal [e.g ligation of the T-Cell Receptor
(TCR) with the Major Histocompatibility Complex (MHC)Ypeptide complex on the Antigen
Presenting Cell (APC)] resulting in cellular proliferation, maturation, cytokine production,
phagocytosis and/or induction of regulatory or effector functions of the immune cell. According
to specitic embodiments, the stimulator agent can also transmit a secondary co-stimulatory signal.

Methods of determining the amount of the stimulatory agent and the ratio between the
stimulatory agent and the immune cells are well within the capabilities of the skilled in the art and
thus are not specified herein.

The stimulatory agent can activate the immune cells in an antigen-dependent or -
independent (i.e. polvclonal) manner.

According to specific embodiments, stimulatory agent comprises an antigen non-specific
stimulator.

Non-specific stimulators are known to the skilled in the art. Thus, as a non-limiting
example, when the immune cells comprise T cells, antigen non-specific stimulator can be an agent

capable of binding to a T cell surface structure and induce the polyclonal stimulation of the T cell,
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such as but not limited to anti-CD3 antibody in combination with a co-stimulatory protein such as

anti-CI28 antibody. Other non-limiting examples include anti-CD2, anti-CB137, anti-C3134,
Notch-ligands, e.g Delta-like 1/4, Jaggedl/2 either alone or in various combinations with anti-
CD3. Other agents that can induce polyclonal stimulation of T cells include, but not himited to
mitogens, PHA, PMA-ionomycin, CEB and CytoStim (Miltenyi Biotech). According to specific
embodiments, the antigen non-~specific stimulator comprises anti-CD3 and anti-CD28 antibodies.
According to specific embodiments, the T cell stimulator comprises anti-CD3 and anti-CD28
coated beads, such as the CD3CD28 MACSiBeads obtained from Miltenyi Biotec.

According to specific embodiments, the stimulatory agent comprises an antigen-specific
stimulator.

Non-limtting examples of antigen spectfic T cell stimulators include an antigen-loaded
antigen presenting cell [APC, e.g. dendritic cell] and peptide loaded recombinant MHC. Thus, for
example, a T cells stimulator can be a dendritic cell preloaded with a desired antigen (e.g. a tumor
antigen} or transfected with mRNA coding for the desired antigen.

According to specific embodiments, the antigen is a cancer antigen.

As used herein, the term “cancer antigen” refers to an antigen overexpressed or solely
expressed by a cancerous cell as compared to a non-cancerous cell. A cancer antigen may be a
known cancer antigen or a new specific antigen that develops in a cancer cell (i e. necantigens).

Non-limiting examples for known cancer antigens include MAGE-AL MAGE-AZ2
MAGE- A3, MAGE-A4, MAGE-AS, MAGE-A6, MAGE-A7, MAGE-AS, MAGE-A9, MAGE-
AIO, MAGE-All, MAGE-A12, GAGE-1, GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-o,
GAGE-7, GAGE-B, BAGE-l, RAGE- 1, LB33/MUM-1, PRAME, NAG, MAGE-Xp2 (MAGE-
B2), MAGE-Xp3 (MAGE-B3), MAGE-Xp4 (MAGE-B4), MAGE- CI/CT7, MAGE-C2, NY-ESO-
1, LAGE-1, S8X-1, SSX-2(HOM-MEL-40), S8X-3, SSX-4, SSX-5, SCP-1 and XAGE,
melanocyte differentiation antigens, p53, ras, CEA, MUCI, PMSA, PSA, tyrosinase, Melan-A,
MART-L, gplOO, gp75, alphaactinin-4, Ber-Abl fusion protein, Casp-38, beta-catenin, cde27, cdk4,
cdknZa, coa-l, dek-can fusion protein, EF2, ETV6-AMLI fusion protein, LDLR-
fucosyltransferase AS fusion protein, HLA-A2, HLA-All, hsp70-2, KIAAQ20S, Mart2, Mum-2,
and 3, neo-PAP, myosin class I, 05-9, pml-RAR alpha fusion protein, PTPRK, K-ras, N-ras,
Triosephosphate isomerase, GnTV, Herv-K-mel, NA-88 SP17, and TRP2-Int2, (MART-I}, E2A-
PRL, H4-RET, IGH-IGK, MYL-RAR, Epstein Barr virus antigens, EBNA, human papillomavirus
(HPV) antigens E6 and E7, TSP-180, MAGE-4, MAGE-5, MAGE-6, p185erbB2, plSOerbB-3, ¢-
met, nm-23H1, PSA, TAG-72-4, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, alpha.-fetoprotein,
13HCG, BCA225, BTAA, CA 125, CA 15-3 (CA 2729\BCAA), CA 195, CA 242, CA-50,
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CAM43, CDORKP1, C0-029, FGF-5, 0250, Ga733 (EpCAM), HTgp-175, M344, MA-50, M(G7-

Ag, MOVIE, NB\I70K, NYCO-I, RCASH SDCCAGI6, TA-90 (Mac-2 binding
protein\cyciophilin C-associated protein), TAALG, TAG72, TLP, TPS, tyrosinase related proteins,
TRP-1, or TRP-2,

Other tumor antigens that may be expressed are well-known in the art (see for example
WO000/20581; Cancer Vaccines and Fumunotherapy (2000) Eds Stern, Beverley and Carroli,
Cambridge University Press, Cambridge). The sequences of these tumor antigens are readily
avatlable from public databases but are also found in WO 1992/020356 AL WO 1994/005304 Al
WO 1994/023031 AL WO 1995/020974 AL W 1995/023874 AT & W3 1996/026214 AL

Alternatively, or additionally, a tumor antigen may be identified using cancer cells obtained
from the subject by e.g. biopsy.

Thus, according to specific embodiments, the stimulatory agent comprises a cancer cell.

According to specific embodiments, the activating ts in the presence of an anti-cancer
agent.

According to specific embodiments, the iromune cells are purified following the activation.

Thus, the present invention also contemplates i1solated immune cells obtainable according
to the methods of the present invention.

According to specific embodiments, the immune cells used and/or obtained according to
the present invention can be freshly isolated, stored e.g, cryopreserved (i.e. frozen) at e.g. liquid
nitrogen temperature at any stage for long periods of time (e.g., months, years) for future use; and
cell lines.

Methods of cryopreservation are commonly known by one of ordinary skill in the art and
are disclosed e.g. in International Patent Application Publication Nos. W0O2007054160 and WO
2001039594 and US Patent Application Publication No. US20120149108.

According to specific embodiments, the cells obtained according to the present invention
can be stored in a cell bank or a depository or storage facility.

Consequently, the present teachings further suggest the use of the isolated immune cells
and the methods of the present invention as, but not imited to, a source for adoptive immune cells
therapies for diseases that can benefit from activating immune cells e.g. a hyper-proliferative
disease; a disease associated with immune suppression and infections.

Thus, according to specific embodiments, method of the present invention comprise
adoptively transferring the immune cells following said activating to a subject in need thereof.

According to specific embodiments, there is provided the immune cells obtainable

according to the methods of the present invention for use in adoptive cell therapy.



v

10

™o
<>

2
<

WO 2020/012486 PCT/IL2019/050783

59
The cells used according to specific embodiments of the present invention may be

autclogous or non-autologous; they can be syngeneic or non-syngeneic: allogeneic or xenogeneic
to the subject; each possibility represents a separate embodiment of the present invention.

The present teachings also contemplate the use of the compositions of the present invention
{e.g. the fusion protein, the isolated polypeptide comprising the SIRPo amino acid sequence, the
isolated polypeptide comprising the 4-1BBL amino acid sequence, a polynucleotide or nucleic
acid construct encoding same or a host cell expressing same) in methods of treating a disease that
can benefit from activating immune cells.

Thus, according to another aspect of the present invention, there is provided a method of
treating a disease that can benefit from activating immune cells comprising administering to a
subject in need thereof the SIRPa-~4-1BBL fusion protein, the isolated polypeptide comprising the
SIRPo amino acid sequence and/or the isolated polypeptide comprising the 4-1BBL amino acid
sequence disclosed herein, a polynucleotide or nucleic acid construct encoding same or a host cell
encoding same.

According to another aspect of the present invention, there is provided the SIRPou-4-1BBL
fusion protein, the isclated polypeptide comprising the SIRPo amino acid sequence and/or the
isolated polypeptide comprising the 4-1BBL amuno acid sequence disclosed herein, a
polynucleotide or nucleic acid construct encoding same or a host cell encoding same for use in the
treatment of a disease that can benefit from activating immune cells.

According to specific embodiments, the treating or the treatment is with the SIRPo-4-
IBBL fusion protein, a polynucleotide encoding same, a nucleic acid construct encoding same or
a host cell expressing same.

According to specific embodiments, the treating or the treatment is with the isolated
polypeptide comprising the SIRPo amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same.

According to specific embodiments, the treating or the treatment 1s with the isolated
polypeptide comprising the 4-1BBL amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same.

According to specific embodiments, the treating or the treatment is with the SIRPa amino
acid sequence, a polynucleotide encoding same, a nucleic acid construct encoding same or a host
cell expressing same; and the 4-1BBL amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same.

The term “treating” or “treatment” refers to inhibiting, preventing or arresting the

development of a pathology (disease, disorder or medical condition} and/or causing the reduction,
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remission, or regression of a pathology or a symptom of a pathology. Those of skill in the art will

understand that various methodologies and assays can be used to assess the development of a
pathology, and similarly, various methodologies and assays may be used to assess the reduction,
remission or regression of a pathology.

As used herein, the term “subject” includes mammals, e.g., human beings at any age and
of any gender. According to specific embodiments, the term “subject” refers to a subject who
suffers from the pathology (disease, disorder or medical condition). According to specific
embodiments, this term encompasses individuals who are at risk to develop the pathology.

According to specific embodiments, the subject is aftlicted with a disease associated with
cells expressing CD47.

According to specific embodiments, diseased cells of the subject express CD47.

As used herein the phrase “a disease that can benefit from activating immune cells” refers
to diseases in which the subject’s immune response activity may be sufficient to at least ameliorate
symptoms of the disease or delay onset of symptoms, however for any reason the activity of the
subject’s immune response in doing so 15 less than optimal.

Non-limiting examples of diseases that can benefit from activating immune cells include
hyper-proliferative diseases, diseases associated with immune suppression, HHMUNOSUPPression
caused by medication (e.g. mTOR inhibitors, calcineurin inhibitor, steroids) and infections.

According to specific embodiments, the disease comprises a hyper-proliferative disease.

According to specific embodiments, the hyper-proliferative disease comprises sclerosis or
fibrosis, Idiopathic pulmonary fibrosis, psoriasis, systemic sclerosis/scleroderma, primary biliary
cholangitis, primary sclerosing cholangitis, liver fibrosis, prevention of radiation-induced
pulmonary fibrosis, myelofibrosis or retroperitoneal fibrosis.

According to other specific embodiments, the hyper-proliferative disease comprises
cancer.

Thus, according to another aspect of the present invention, there is provided a roethod of
treating cancer comprising administering the SIRPa-4-1BBL fusion protein, the isolated
polypeptide comprising the SIRPo amino acid sequence and/or the isclated polypeptide
comprising the 4-1BBL amino acid sequence disclosed heretn to a subject in need thereof.

As used herein, the term cancer encompasses both malignant and pre-malignant cancers.

With regard to pre-malignant or benign forms of cancer, optionally the compositions and
methods thereof may be applied for halting the progression of the pre-malignant cancer to a

malignant form.
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Cancers which can be treated by the methods of some embodiments of the invention can

be any solid or non-solid cancer and/or cancer metastasis.

According to specific embodiments, the cancer comprises malignant cancer.

Examples of cancer include but are not limited to, carcinoma, lymphoma, blastoma,
sarcoma, and leukemia. More particular examples of such cancers include squamous cell cancer,
hung cancer (including smali-cell lung cancer, non-small-cell lung cancer, adenocarcinoma of the
lung, and squamous carcinoma of the lung), cancer of the peritoneum, hepatocellular cancer, gastric
or stomach cancer {(including gastrointestinal cancer), pancreatic cancer, glioblastoma, cervical
cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, liver cancer, prostate cancer, vulvar cancer, thyroid cancer, hepatic carcinoma and various
types of head and neck cancer, as well as B-cell lymphoma (including low grade/follicular non-
Hodgkin's lymphoma (NHL); Burkitt lymphoma, Diffused large B cell lymphoma (DLBCL), small
lymphocytic (SL) NHL; intermediate grade/follicular NHL; intermediate grade diffuse NHL; high
grade immunoblastic NHL; high grade lymphoblastic NHL; high-grade small non-cleaved cell
WHL,; bulky disease NHL; mantle cell lymphoma; AIDS-related lymphoma; and Waldenstrom's
Macroglobulinemia); T cell lymphoma, Hodgkin lymphoma, chrovic lymphocytic leukenmia (CLL);
acute lymphoblastic leukemia (ALL), Acute myveloid leukemia (AML), Acute promyeloeviic
leukemia (APL), Hairy cell leukemia; chronic myeloblastic leukemia (CML); and post-transplant
fymphoproliferative disorder (PTLD), as well as abnormal vascular proliferation associated with
phakomatoses, edema (such as that associated with brain tumors), and Meigs' syndrome.
Preferably, the cancer is selected from the group consisting of breast cancer, colorectal cancer,
rectal cancer, non-small cell lung cancer, non-Hodgkins lyvmphoma (NHL), renal cell cancer,
prostate cancer, liver cancer, pancreatic cancer, soft-tissue sarcoma, Kapost's sarcoma, carcinoid
carcinoma, head and neck cancer, melanoma, ovarian cancer, mesothelioma, and multiple
myeloma. The cancerous conditions amenable for treatment of the invention nclude metastatic
cancers.

According to specific embodiments, the cancer comprises pre-malignant cancer.

Pre-malignant cancers (or pre-cancers) are well characterized and known in the art (refer,

for example, to Berman }. and Henson DE., 2003 Classifying the precancers: a metadata
approach. BMC Med Inform Decis Mak. 3:8). Classes of pre-malignant cancers amenable to
treatment via the method of the invention include acquired small or microscopic pre-malignant
cancers, acquired large lesions with nuclear atypia, precursor lesions occurring with inherited

hyperplastic syndromes that progress to cancer, and acquired diffuse hyperplasias and diffuse
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metaplasias. Examples of small or microscopic pre-malignant cancers include HGSIL (High grade

squamous intraepithelial lesion of uterine cervix), AIN {(anal intraepithelial neoplasia), dysplasia
of vocal cord, aberrant crypts (of colon), PIN (prostatic intraepithelial neoplasia). Examples of
acquired large lesions with nuclear atypia include tubular adenoma, AILD (angioimmunoblastic
lymphadenopathy with dysproteinemia), atypical meningioma, gastric polyp, large plague
parapsoriasis, myelodysplasia, papillary transitional cell carcinoma in-situ, refractory anemia with
excess blasts, and Schneiderian papilioma. Examples of precursor lesions occurring with inherited
hyperplastic syndromes that progress to cancer include atypical mole syndrome, C cell
adenomatosis and MEA. Examples of acquired diffuse hyperplasias and diffuse metaplasias
include AIDS, atypical lymphoid hyperplasia, Paget's disease of bone, post-transplant
tymphoproliferative disease and ulcerative colitis.

According to specific embodiments, the cancer is Leukemia, Chronic myelomonocytic
feukemia (CMML), Chronic myelogenous leukemia (CML), Acute myeloid leukemia (AML), Non
Hodgkin lymphoma (NHL), Diffuse Large B Cell Lymphoma (DLBCL), B cell Chronic
Lymphocytic Leukemia (B-CLL), Mantle Cell Lymphoma (MCL), Follicular Lymphoma (FL),
Marginal Zone Lymphoma (MZL}, Pre-B acute lymphoblastic leukemia {pre-B ALL),
Leiomyosarcoma, Uvartan cancer, Breast cancer, Colon cancer, Bladder cancer, Glioblastoma,
Hepatocellular carcinoma, Prostate cancer, Acute lymphoblastic leukemia (ALL), Multiple
Myeloma, Non-small-cell lung carcinoma (NSCLC), Colorectal cancer, Melanoma, Head and Neck
Cancer, Marginal Zone B-cell Lymphoma, Pancreatic Ductal Adenocarcinoma or Brain cancer

According to some embodiments the cancer is Acute myeloid leukemia, Bladder Cancer,
Breast Cancer, chronic lymphocytic leukemtia, Chronic myelogenous leukemia, Colorectal cancer,
Diffuse large B-cell lymphoma, Epithelial Ovarian Cancer, Epithelial Tumor, Fallopian Tube
Cancer, Follicular Lymphoma, Glioblastoma multiform, Hepatocellular carcinoma, Head and Neck
Cancer, Leukemia, Lymphoma, Mantle Cell Lymphoma, Melanoma, Mesothelioma, Multiple
Myeloma, Nasopharyngeal Cancer, Non Hodgkin lymphoma, Non-small-cell lung carcinoma,
Ovarian Cancer, Prostate Cancer or Renal cell carcinoma.

According to specific embodiments, the cancer is selected from the group consisting of

tymphoma, leukemia and carcinoma.

According to specific embodiments, the cancer is selected from the group consisting of
lymphoma, leukemia, colon cancer, pancreatic cancer, ovarian cancer, lung cancer and squamous
cell carcinoma.

According to specific embodiments, the cancer is colon carcinoma.

According to specific embodiments, the cancer is ovarian carcinoma.
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According to specific embodiments, the cancer s lung carcinoma.

According to specific embodiments, the cancer is head and neck carcinoma.

According to specific embodiments, the cancer is leukemia.

According to specific embodiments, the leukemia 1s selected from the group consisting of
acute nonlymphocytic leukemia, chronic lymphocytic leukemia, acute granulocytic leukemia,
chronic granulocytic leukemia, acute promyelocytic leukemia, adult T-cellleukemia, aleukemic
feukemia, a leukocythemic leukemia, basophylic leukemia, blast cell leukemia, bovine leukemia,
chronic myelocytic leukemia, leukemia cutis, embryonal leukemia, eosinophilic leukemia, (Jross'
leukemia, hairy-cell leukemia, hemoblastic leukemia, hemocytoblastic leukemia, histiocytic
leukemia, stem cell leukemia, acute monocvtic leukemia, leukopenic leukemia, lymphatic
feukemia, lymphoblastic leukemia, ymphocytic leukemia, lymphogenous leukemia, lymphoid
leukemia, lymphosarcoma cell leukemia, mast cell leukemia, megakaryocytic leukemia,
micromyeloblastic leukemia, monocytic leukemia, myeloblastic leukemia, myelocytic leukemia,
myelotd granulocytic leukemia, myelomonocytic leukemia, Naegeli leukemia, plasma cell
leukemia, plasmacytic leukemia, promyelocytic leukemia, Rieder cell leukemia, Schilling's
leukemia, stem cell leukemia, subleukemic leukemia, and undifferentiated cell leukemia.

According to specific embodiments, the leukernia is promyelocytic leukemia, acute
myelotd leukemia or chronic myelogenous leukemia.

According to specific embodiments, the cancer 1s lymphoma.

According to specific embodiments, the lymphoma ts B cell lymphoma

According to specific embodiments, the lymphoma is T cell lymphoma.

According to other specific embodiments, the lvmphoma is Hodgkins lymphoma.

According to specific embodiments, the lymphoma is non-Hodgkins lymphoma.

According to specific embodiments, the non-Hodgkin's Lymphoma is a selected from the
group consisting of aggressive NHL, transformed NHL, indolent NHL, relapsed NHL, refractory
NHL, low grade non-Hodgkin’s Lymphoma, follicular lymphoma, large cell lymphoma, B-celi
lymphoma, T-cell lymphoma, Mantle cell lymphoma, Burkitt's lymphoma, NK cell lymphoma,
diffuse large B—cell lymphoma, acute lymphoblastic lymphoma, and cutaneous T cell cancer,
including mycosis fungoides/Sezry syndrome.

According to specific embodiments, the cancer 1s multiple myeloma.

According to at least some embodiments, the multiple myeloma is selected from the group
consisting of multiple myeloma cancers which produce light chains of kappa-type and/or light
chains of lambda-type; aggressive multiple myeloma, including primary plasma cell leukemia

(PCL); benign plasma cell disorders such as MGUS (monoclonal gammopathy of undetermined
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significance), Waldenstrom's macrogicbulinemia (WM, also known as lymphoplasmacytic

tymphoma) which may proceed to multiple myeloma, smoldering multiple myeloma (SMM),
indolent multiple myeloma, premalignant forms of multiple myeloma which may also proceed to
multiple myeloma; primary amyloidosis.

According to specific embodiments, the cancer is defined by the presence of tumors that
have tumor-infiltrating lymphocytes (TILs) in the tumor micro-environment and/or tumors with a
relatively high expression of CD47 in the tumor micro-environment.

According to specific embodiments, cells of the cancer express CD47.

According to specific embodiments, the disease comprises a disease associated with
immune suppression or immunosuppression caused by medication {e.g mTOR inhibitors,
calcineurin inhibitor, sterotds).

According to specific embodiments, the disease comprises HIV, Measles, influenza,
LCCM, RSV, Human Rhinoviruses, EBY, CMV, Parvo viruses.

According to specific embodiments, the disease comprises an infection.

As used herein, the term “infection” of "infectious disease" refers to a disease induced by
a pathogen. Specific examples of pathogens include, viral pathogens, bacterial pathogens e g,
intracellular raycobacterial pathogens (such as, for example, Mycobacterium tuberculosis),
intracetiufar bacterial pathogens (such as, for example, Listeria monocytogenes), or intracellular
protozoan pathogens (such as, for example, Leishmania and Trypanosoma).

Specific types of viral pathogens causing infectious diseases treatable according to the
teachings of the present invention include, but are not limited to, refroviruses, circoviruses,
parvoviruses, papovaviruses, adenoviruses, herpesviruses, iridoviruses,  poxviruses,
hepadnaviruses,  picornaviruses, caliciviruses, togaviruses, flaviviruses, reoviruses,
orthomyxoviruses, paramyxoviruses, rhabdoviruses, bunyaviruses, coronaviruses, arenaviruses,
and filoviruses.

Specific examples of viral infections which may be treated according to the teachings of
the present invention include, but are not limited to, human immunodeficiency virus (HIV})-
induced acquired immunodeficiency syndrome (AIDS), influenza, rhinoviral infection, viral
meningitis, Epstein-Barr virus (EBV) infection, hepatitis A, B or € virus infection, measles,
papilloma virus infection/warts, cytomegalovirus (CMV) infection, Herpes simplex virus
infection, yellow fever, Ebola virus infection, rabies, eic.

According to specific embodiments, the compositions disclosed herein (e.¢g. SIRPa-4-1BBL
fusion protein, polypeptide comprising a SIRPa amino acid sequence, polypeptide comprising a 4-

IBBL amino acid sequence, polynucleotide or nucleic acid construct encoding same and/or host-
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cell expressing same) can be administered to a subject in combination with other established or

experimental therapeutic regimen to treat a disease that can benefit from activating immune cells
{e.g cancer) including, but not limited to analgesics, chemotherapeutic agents, radiotherapeutic
agents, cytotoxic therapies {conditioning), hormonal therapy, antibodies and other treatment
regimens {e.g., surgery) which are well known in the art.

According to specitic embodiments, the compositions disclosed herein (e.g. SIRPa-4-1BBL
fusion protein, polypeptide comprising SIRPa amino acid sequence, polypeptide comprising 4-
IBBL amino acid sequence, polynucleotide or nucleic acid construct encoding same and/or host-
cell expressing same) can be administered to a subject in combination with adoptive cell
transplantation such as, but not limited to transplantation of bone marrow cells, hematopoietic stem
cells, PBMCs, cord blood stem cells and/or induced pluripotent stem cells.

According to specific embodiments, the therapeutic agent administered in combination with
the composition of some embodiments of the invention comprises an anti-cancer agent.

Thus, according to another aspect of the present invention, there is provided a method of
treating cancer comprising administering to a subject in need thereof an anti-cancer agent; and the
SIRPa-4-1BBL fusion protein, the isclated polypeptide comprising the SIRPo amino acid sequence
and/or the polypeptide comprising the 4-1BBL amino acid sequence disclosed herein, a
polyvnucleotide encoding same, a nucleic acid construct encoding same or a host cell expressing
same.

Auti-cancer agents that can be use with specific embodiments of the invention include, but
are not limited to the anti-cancer drugs Acivicin; Aclarubicin;, Acodazole Hydrochloride,
Acroning; Adriamycin, Adozelesin;, Aldesleukin;, Altretamine, Ambomycin, Ametantrone
Acetate, Aminoglutethimide; Amsacrine; Anastrozole; Anthramycin, Asparaginase; Asperlin;
Azacitidine, Azetepa, Azotomycin, Batimastat; Benzodepa, Bicalutamide; Bisantrene
Hyvdrochloride, Bisnafide Dimesylate; Bizelesin, Bleomycin Sulfate; Brequinar Sodium;
Bropirimine;, Busulfan; Cactinomycin; Calusterone; Caracemide; Carbetimer; Carboplatin;
Carmustine; Carubicin Hydrochlonide; Carzelesin, Cedefingol; Chlorambucil; Cirolemycin;
Cisplatin; Cladribine; Crsnatol Mesylate; Cyclophosphamide; Cytarabine; Dacarbazine;
Dactinomycin; Daunorubicin  Hydrochloride, Decitabine; Dexormaplatin, Dezaguanine;
Dezaguanine Mesylate; Diaziquone; Docetaxel, Doxorubicin, Doxorubicin Hydrochloride;
Droloxitene;, Droloxifene Citrate; Dromostanolone Propionate, Duazomycin, Edatrexate,
Eflornithine Hydrochloride; Elsamitrucin, Enloplatin; Enpromate; Epipropidine; Epirubicin
Hydrochloride; Erbulozole; Esorubicin Hydrochloride, Estramustine; Estramustine Phosphate

Sodium; Etanidazole;, Etoposide; Etoposide Phosphate; Etoprine; Fadrozole Hydrochloride;



v

10

2
<

WO 2020/012486 PCT/IL2019/050783

66
Fazarabine; Fenretinide; Floxuridine; Fludarabine Phosphate; Fluorouracil; Flurocitabine;

Fosquidone, Fostriecin Sodium; Gemcitabine; Gemcitabine Hydrochloride, Hydroxyurea;
Idarubicin Hydrochloride, Ifosfamide; Hmotosine; Interferon Ala-2a; Interferon Alfa-2b;
Interferon Alta-nl; Interferon Alfa-n3; Interferon Beta- 1 a; Interferon Gamma- 1 b; Tproplatin;
Irinotecan Hydrochloride; Lanreotide Acetate; Letrozole; Leuprolide Acetate; Liarozole
Hydrochloride; Lometrexol Sodium; Lomustine; Losoxantrone Hydrochloride; Masoprocol;
Maytansine, Mechlorethamine Hydrochloride; Megestrol Acetate; Melengestrol  Acetate;
Melphalan; Menogaril; Mercaptopurine; Methotrexate; Methotrexate Sodium; Metoprine;
Meturedepa;, Mitindomide; Mitocarcin; Mitocromin, Mitogillin, Mitomalcin, Mitomycin,
Mitosper; Mitotane; Mitoxantrone Hydrochlonde; Mycophenolic  Acid;  Nocodazole;
Nogalamycin, Ormaplatin, Oxisuran; Paclitaxel, Pegaspargase; Peliomycin, Pentamusting;
Peplomycin Sulfate; Perfosfamide; Pipobroman; Piposulfan; Piroxantrone Hydrochloride;
Plicamycin, Plomestane, Porfimer Sodium; Porfiromycein, Prednimustine; Procarbazine
Hydrochloride; Puromycin, Puromycin Hydrochloride; Pyrazofurin, Riboprine; Rogletimide;
Safingol; Safingol Hydrochlonide, Semustine; Simirazene; Sparfosate Sodium; Sparsomycin;
Spirogermanium  Hydrochloride, Spiromusting; Spiroplatin, Streptonigrin;  Streptozocin;
Sulofenur, Talisomycin, Taxol; Tecogalan Sodium; Tegafur; Teloxantrone Hydrochloride;
Temoportin, Teniposide; Teroxirone, Testolactone; Thiamiprine, Thioguanine; Thiotepa,
Tiazofuirin, Tirapazamine; Topotecan Hydrochloride, Toremifene Citrate; Trestolone Acetate;
Triciribing Phosphate; Trimetrexate, Trimetrexate Glucuronate; Triptorelin, Tubulozole
Hydrochlonide; Uracil Mustard, Uredepa, Vapreotide, Verteporfin, Vinblastine Sulfate;
Vincristine Sulfate; Vindesine; Vindesine Sulfate; Vinepidine Sulfate;, Vinglycinate Sulfate;
Vinleurosine Sulfate; Vinorelbine Tartrate; Vinrosidine Sulfate; Vinzolidine Sulfate; Vorozole;
Zeniplatin, Zinostatin; Zorubicin Hydrochloride. Additional antineoplastic agents include those
disclosed in Chapter 52, Antineoplastic Agents (Paul Calabresi and Bruce A. Chabner), and the
introduction thereto, 1202-1263, of Goodman and Gilman's "The Pharmacological Basis of
Therapeutics”, Eighth Edition, 1990, McGraw-Hill, Inc. (Health Professions Division).
According to specific embodiments, the anti-cancer agent comprises an antibody.
According to specific embodiments, the antibody is selected from the group counsisting
rituximab, cetuximab, trastuzumab, edrecolomab, alemtuzumab, gemtuzumab, ibritumomab,
panitumumab, Belimumab, Bevacizumab, Bivatuzumab mertansine, Blinatumomab,
Blontuvetmab, Brentwamab vedotin, Catumaxomab, Cixutumumab, Daclizumab, Adalimumab,
Beziotoxumab, Certolizumab pegol, Citatuzumab bogatox, Daratumumab, Dinutuximab,

Elotuzumab, Ertumaxomab, Etaracizumab, Gemtuzumab ozogamicin, Girentuximab,
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Necitumumab, Obinutuzumab, Ofatumumab, Pertuzumab, Ramucirumab, Siltuximab,

Tositumomab, Trastuzumab, Nivolumab, Pembrolizumab, Durvalumab, Atezolizumab,
Avelumab and iptlimumab.

According to specific embodiments, the antibody is selected from the group consisting of
rituximab and cetuximab.

According to specific embodiments, the therapeutic agent or the anti-cancer agent
comprises an IMil? (e.g. Thalidomide, Lenalidomie, Pomalidomide).

According to specific embodiments, the IMiD 13 selected from the group consisting of
Thalidomide, Lenalidomie and Pomalidomide.

According to specific embodiments, the therapeutic agent administered in combination with
the composition of some embodiments of the tnvention comprises an anti-infection agent (e.g.
antibiotics and anti-viral agents).

According to specific embodiments, the therapeutic agent administered in combination with
the composition of some embodiments of the invention comprises an immune suppressor agent
{e.g. GCSF and other bone marrow stimulators, steroids).

According to specific embodiments the combination therapy has an additive effect.

According to specific embodiments, the combination therapy has a synergistic effect.

According to another aspect of the present invention there is provided an article of
manufacture comprising a packaging material packaging a therapeutic agent for treating a disease
that can benefit from activating immune cells; and the SIRPo-4-1BBL fusion protein, the isolated
polypeptide comprising the SIRPo amino acid sequence and/or the isolated polypeptide
comprising the 4-1BBL amino acid sequence disclosed herein, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same. According to specific
embodiments, the article of manufacture is identified for the treatment of a disease that can benefit
from activating immune cells.

According to specific embodiments, the therapeutic agent for treating said disease; and the
SIRPa-4-1BBL fusion protein, the isolated polypeptide comprising the SIRPa amino acid
sequence and/or the isolated polypeptide comprising the 4-1BBL amino acid sequence, the
polynucleotide encoding same, the nucleic acid construct encoding same or the host cell expressing
same are packaged in separate containers.

According to specific embodiments, the therapeutic agent for treating said disease; and the
SIRPa-4-1BBL fusion protein, the isolated polypeptide comprising the SIRPa amino acid

sequence and/or the isolated polypeptide comprising the 4-1BBL amino acid sequence, the
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polynucleotide or the nucleic acid encoding same, the nucleic acid construct encoding same or the

host cell expressing same are packaged in a co-formulation.

According to specific embodiments, the article of manufacture comprises the SIRPu-4-
IBBL fusion protein, a polynucleotide encoding same, a nucleic acid construct encoding same or
a host cell expressing same.

According to specific embodiments, the article of manufacture comprises the isolated
polypeptide comprising the SIRPo amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same.

According to specific embodiments, the article of manufacture comprises the isolated
polypeptide comprising the 4-1BBL amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same,

According to specific embodiments, the article of manufacture comprises the SIRPg amino
acid sequence, a polynuciectide encoding same, a nucleic acid construct encoding same or a host
cell expressing same; and the 4-1BBL amino acid sequence, a polynucleotide encoding same, a
nucleic acid construct encoding same or a host cell expressing same.

Thus, according to another aspect of the present invention there is provided an article of
manufacture comprising a packaging material packaging the isolated polypeptide comprising the
SIRPa amino acid sequence disclosed herein, a polynuciectide encoding same, a nucleic acid
construct encoding same or a host cell expressing same; and the isolated polypeptide comprising
the 4-1BBL amino acid sequence disclosed herein, a polynucleotide encoding same, a nucleic acid
construct encoding same or a host cell expressing same.

According to specific embodiments, the isolated polypeptide comprising the SIRPa amino
acid sequence disclosed herein, a polynucleotide encoding same, a nucleic acid construct encoding
same or a host cell expressing same; and the isolated polypeptide comprising the 4-1BBL amino
acid sequence disclosed herein, a polynucleoctide encoding same, a nucleic acid construct encoding
same or a host cell expressing same are packaged in separate containers.

According to specific embodiments, the isolated polypeptide comprising the SIRPo amino
acid sequence disclosed herein, a polynucleotide encoding same, a nucleic acid construct encoding
same or a host cell expressing same; and the isolated polypeptide comprising the 4-1BBL amino
acid sequence disclosed herein, a polynucleotide encoding same, a nucleic acid construct encoding
same ot a host cell expressing same are packaged in a co-formulation.

According to specific embodiments, the isolated polypeptide comprising the SIRPo amino

acid sequence; and/or the isclated polypeptide comprising the 4-1BBL amino acid sequence is
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attached to or comprises a heterologous therapeutic moiety. The therapeutic moiety may be any

molecule, including small molecule chemical compounds and polypeptides.

Non-limiting examples of therapeutic moieties which can be used with specific
embodiments of the invention include a cytotoxic moiety, a toxic moiety, a cytokine moiety, an
immunomeodulatory moiety, a polypeptide, an antibody, a drug, a chemical and/or a radicisctope.

According to some embodiments of the invention, the therapeutic moiety is conjugated by
translationally fusing the polynuclectide encoding the polypeptide of some embodiments of the
invention with the nucleic acid sequence encoding the therapeutic moiety.

Additionally or alternatively, the therapeutic moiety can be chemically conjugated
{coupled) to the polypeptide of some embodiments of the invention, using any conjugation method
known to one skilled 1n the art. For example, a peptide can be conjugated to an agent of interest,
using a 3-(Z-pyridyldithio)propionic acid Nhydroxysuccinimide ester {also called N-succinimidyl
3-(2pyridyidithio) propionate} ("SDPD") (Sigma, Cat. No. P-3415; see e.g., Cumber et al. 1985,
Methods of Enzymology 112: 207-224), a glutaraldehyde conjugation procedure (see eg., G.T.
Hermanson 1996, "Auntibody Modification and Conjugation, 1o Bioconjugate Technigues,
Academic Press, San Diege) or a carbodiimide conjugation procedure [see e.g., J. March,
Advanced Organic Chemistry: Reaction's, Mechanism, and Structure, pp. 349-50 & 372-74 (3d
ed.}, 1985, B Neises et al. 1978, Angew Chem , Int. Ed. Hngl 17:522; A Hassner et al. 1978,
Tetrahedron Lett. 4475, EP. Boden et al. 1986, 1. Org. Chem. 50:2394 and L J. Mathias 1979,
Synthesis 561}

A therapeutic moiety can be attached, for example, to the polypeptide of some
embodiments of the tnvention using standard chemical synthesis techniques widely practiced in
the art f{see eg, hypertexttransferprotocol//worldwideweb (dot) chemistry {dot)
org/portal/Chemistry}i, such as using any suitable chemical linkage, direct or indirect, as via a
peptide bond {when the functional moiety is a polypeptide}, or via covalent bonding to an
intervening linker eleruent, such as a linker peptide or other chemical moiety, such as an organic
polvmer. Chimeric peptides may be linked via bonding at the carboxy (C) or aminc (N} termini
of the peptides, or via bonding to internal chemical groups such as straight, branched or ¢yclic side
chains, internal carbon or nitrogen atoms, and the like.

As wused herein, the terms “protein”, “peptide” and “polypeptide”, which are
interchangeably wused herein, encompass native peptides (either degradation products,
synthetically synthesized peptides or recombinant peptides) and peptidomimetics (typically,
synthetically synthesized peptides), as well as peptoids and semipeptoids which are peptide

analogs, which may have, for example, modifications rendering the peptides more stable while in
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a body or more capable of penetrating into cells. Such modifications include, but are not limited

to N terminus modification, C terminus modification, peptide bond modification, backbone
modifications, and residue modification. Methods for preparing peptidomimetic compounds are
well known 1n the art and are specified, for example, in Quantitative Drug Design, C A Ramsden
(Gd., Chapter 17.2, F. Choplin Pergamon Press {1992), which is incorporated by reference as if
fully set forth herein. Further details in this respect are provided hereinunder

Peptide bonds (-CO-NH-) within the peptide may be substituted, for example, by N-
methylated amide bonds (-N{CH3)-CO-), ester bonds (-C(=0}-0-), ketomethylene bonds (-CO-
CH2-), sultinylmethylene bonds (-S(=0)-CH2-), a-aza bonds (-NH-N(R)}-CO-}), wherein R 15 any
alkyl (e.g., methyl), amine bonds (-CHZ-NH-}, sulfide bonds (-CH2-S-}, ethylene bonds (-CH2-
CH2-), hydroxyethylene bonds (-<CH(OH)-CH2-), thicamide bonds (-C5-NH-)}, olefinic double
bonds (-CH=CH-), flucrinated olefinic double bonds (-CF=CH-), retro amide bonds (-NH-CO-),
peptide derivatives (-N(R)-CH2-CO-), wherein R is the "normal” side chain, naturally present on
the carbon atom.

These modifications can occur at any of the bonds along the peptide chain and even at
several (2-3) bonds at the same time,

Natural aromatic amino acids, Trp, Tyr and Phe, may be substituted by non-natural
aromatic  amino  acids  such as 1,23 4-tetrahydroisoquinoline-3-carboxylic  acid  (Tic),
naphthylalanine, ring-methylated derivatives of Phe, halogenated derivatives of Phe or O-methyl-
Tyr.

The peptides of some embodiments of the invention may also include one or more modified
amino acids or one or more non-amino acid monomers (e.g fatty acids, complex carbohydrates
eic}.

The term "amino acid" or "amino acids” 1s understood to include the 20 naturally occurring
aming acids; those amino acids often modified post-translationally in vivo, including, for example,
hydroxyproline, phosphoserine and phosphothreonine; and other unusual amino acids including,
but not hmited to, 2-aminoadipic acid, hydroxylysine, 1sodesmosine, nor-valine, nor-leucine and
ornithine. Furthermore, the term "amino acid" includes both D- and L-amino acids.

Tables 1 and 2 below hist naturally occurring amino acids (Table 1), and non-conventional
or modified amino acids (e.g., synthetic, Table 2) which can be used with some embodiments of

the invention,
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Table 1
Amine Acid Three-Letter Abbreviation One-ietter Symbol
Alanine Ala A
Arzinine Arg R
Asparagine Asgn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine Gln 3
Glutamic Acid Glu E
Glyeine Gly G
Histidine His H
isoleucine ile i
Leucine Leu L
Lvsime Lys K
Methionine Met M
Phenvlalaning Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val v
Any amino acid as above Xaa X
Table 2
Non-conventional amine|Code Nown-conventional amino | Code
acid acid
ornithine Orn hydroxyproline Hyp
o-aminobutyric acid Abu aminonorbornyl- Norb
carboxylate
D-alanine Dala aminocyclopropane- Cpro
carboxylate
Dr-arginine Darg N-(3- Narg
guanidinopropylglycine
D-asparagine Dasn N-{carbamvylmethyhelycine {Nasn
Dr-aspartic acid Dasp N-{carboxymethylglycine  {Nasp
D-cysteine Dicys N-{thiomethyl)glycine Ncys
D-glatamine Deln N-(2-carbamylethyliglycine (Ngln
D-glutamic acid Dglu N-(2-carboxyethylelycine [ Nglu
D-histidine Dhis N-(imidazolylethylglycine {Nhis
D-isoleucine Dile N-(1-methylpropyhelycine  iNile
D-leucine Dieu N-(2-methylpropyhglveine  {Nleu
D-lysine Diys N-{4-aminobutyhglycine Nlys
D-methioning Dmet N-{2-methylthicethyl)elycine | Nmet
D-orpithine Dorn N-(3-aminopropylglycine [ Nom
D-phenylalanine Diphe N-benzylglycine Nphe
D-proline Dpro N-(hydroxymethyhelycine {Nser
D-serine Diser N-{1-hvdroxyethyljglycine [ Nthr
D-threonine Dthr N-(3-indolylethyl) glycine Nhtrp
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D-tryptophan Ditrp N-{p-hydroxyphenyl)glveine | Niyr
D-tyrosine Dtyr N-(1-methylethyliglycine MNval
D-valine Dival N-methylglycine Nmgly
D-N-methylalanine Drnmala L-N-methylalanine Nmala
D-N-methylarginine Dnmarg L-N-methylarginine Nmarg
D-N-methylasparagine Drmasn L-N-methylasparagine Nmasn
D-N-methylasparatate Dnmasp L-N-methylaspartic acid Nmasp
D-N-methylcysteine Dinrocys L~-N-methylcysteine Nmcys
D-N-methylglutamine Dnmgln L-N-methylglutamine Nmglo
D-N-methylglutamate Dinmglu L-N-methylglutamic acid Nmgiu
D-N-methylhistidine Drnmbhis L-N-methylhistidine Nmhis
D-N-methvliscleucine Dnmile L-N-methvlisolleucine Nmile
D-N-methylleucine Dnmleu L-N-methvlieucine Nmleu
D-N-methyllysine Dnmlys L-N-methvliysine Nmilys
D-N-methylmethionine Dnmmet  {L-N-methylmethionine Nmmet
D-N-methylormithine Dnmorn L-N~-methylornithine Nmormn
D-N-methylphenylalanine |Dnmphe L-N-methylphenylalanine Nmphe
D-N-methyiproline Dnmpro L-N-methylproline Nmpro
D-N-methylserine Dinmser L-N-methylserine Nmser
D-N-methylthreonine Dnmthr L-N-methylthreonine Nmthr
D-N-methyltryptophan Dinmitrp L-N-methyliryptophan Nmtrp
D-N-methyltyrosine Drnmtyr L-N-methyltyrosine Nmtyr
D-N-methylvaline Dnmval L-N-methylvaline Nmval
L~-norleucine Nie L~-N-methylnotleucine Nmnle
L-norvaline Nva L-N~-methylnorvaline Nmnva
L~ethylglycine Etg L~-N-methyl-ethylglycine Nmetg
L~t-butylglycine Thug L-N-methyl-t-butylglycine | Nmtbug
L-homophenylalanine Hphe L-N-methyl- Nmhbphe
homophenylalanine
o~naphthylalanine Anap N-methyl-g-paphthylalanine | Nmanap
penictliamine Pen N-methyipenicillamine Nmpen
v-aminobutyric acid Gabu N-methyl-y-aminobutyrate | Nmgabu
cyclohexylalanine Chexa N-methyl-cyclohexvylalanine {Nmchexa
cyclopentylalanine Cpen N-methyl-cyclopentylalanine { Nmcpen
a-amino-o-methylbutyrate | Aabu N-methyl-c-amino-o- Nmaabu
methylbutyrate
a-aminoisobutyric acid Aib N-methyl-o- Nmaib
aminoisobutyrate
D-o-methylarginine Dmarg L-o-methylarginine Marg
D-g-methylasparagine Dmasn L-g-methylasparagine Masn
D-o-methylaspartate Dmasp L--methylaspartate Masp
D-o-methyleysteine Dmeys L-o-methyleysteine Mcys
D-q-methylghutamine Dmgln L-a-methylglutamine Mgln
D-o-methy! glutamic acid |Dmglu L-a-methylglutamate Mglu
D-o-methyihistidine Dmhis L-c-methylhistidine Mhis
D-¢-methylisoleucine Dmile L-a-methylisoleucine Mile
D-o-methylleucine Dmleu L-o-methylleucine Mieu
D-¢-methyllysine Dimlys L-a~-methyllysine Milys
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D-o-methyimethionine Dmmet L-g~-methylmethionine Mmet
D-g-methylornithine Dmorn L-o-methylornithine Morn
D-g-methylphenylalanine |Dmphe L-o-methviphenylalanine Mphe
D-o-methylproline Dmpro L-o-methylproline Mpro
D-o-methylserine Dmser L-o-methylserine Mser
D-a-methylthreonine Dmthr L-a-methylthreonine Mithr
D-a-methyltryptophan Dmtrp L-a-methyltryptophan Mitrp
D-q-methyltyrosine Dmtyr L-a-methyltyrosine Mityr
D-g-methylvaline Dmval L-c-methylvaline Mval
N-cyclobutylglycine Ncbut L-a-methylnorvaline Mnuva
N-cycloheptylglycine Nchep L-g-methylethylglycine Metg
N-cyclohexylglycine Nehex L-o-methyl--butylglycine Mtbug
N-cyclodecylglycine Nedec L-o-methyl- Mbiphe

homophenylalanine
N-cyclododecylglycine Nedod o-methyl-a-naphthylalanine {Manap
N-cyclooctylglycine Neoct o-methylpenicillamine Mpen
N-cyclopropylglycine Nepro o-methyl-y-aminobutyrate Mgabu
N-cycloundecylglycine Neund o-methyl-cyclohexylalanine | Mchexa
N-(Z-aminoethyDglycine | Naeg a-methyl-cyclopentylalanine [Mcpen
N-(2,2- Nbhm N-(N-(2,2-diphenylethyl) Nnbhm
diphenylethyvhelycine carbamylmethyl-glycine
N-(3,3- Nbhe N-(N-(3,3-diphenylpropyl}y  {Nnbhe
diphenvipropyvliglycine carbamylmethyl-glycine
I-carboxy-1-{2,2-diphenyl |Nmbe 1,2,3,4- Tic
ethylaminojcyclopropane tetrahydroiscquinoline-3-

carboxvylic acid
phosphoserine pSer phosphothreonine pThr
phosphotyrosine plyr O-methyl-tyrosine
Z-aminoadipic acid hydroxylysine

The peptides of some embodiments of the invention are preferably utilized in a linear form,
although it will be appreciated that in cases where cyclicization does not severely interfere with
peptide characteristics, cyclic forms of the peptide can also be utilized.

Since the present peptides are preferably utilized o therapeutics which require the peptides
to be in soluble form, the peptides of some embodiments of the invention preferably include one
or more non-natural or natural polar amino acids, including but not limited to serine and threonine
which are capable of increasing peptide solubility due to their hydroxyl-containing side chain.

The amino acids of the peptides of the present invention may be substituted either
conservatively or non-conservatively.

The term “conservative substitution” as used herein, refers to the replacement of an amino
acid present in the native sequence in the peptide with a naturally or non-naturally occurring amino

or a peptidomimetics having similar steric properties. Where the side-chain of the native amino
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acid to be replaced is either polar or hydrophobic, the conservative substitution should be with a

naturally occurring amino acid, a non-naturally occurring amino acid or with a peptidomimetic
motety which is alse polar or hydrophobic {(in addition to having the same steric properties as the
side-chain of the replaced amino acid).

As naturally occurring amino acids are typically grouped according to their properties,
conservative substitutions by naturally occurring amino acids can be easily determined bearing in
mind the fact that in accordance with the invention replacement of charged amino acids by
sterically similar non-charged amino acids are considered as conservative substitutions.

For producing conservative substitutions by non-naturally occurring amino acids it is also
possible to use amino acid analogs (synthetic amino acids) well known in the art. A
peptidomimetic of the naturally oceurring amino acid ts well documented in the literature known
to the skilled practitioner.

When affecting conservative substitutions the substituting amino acid should have the same
or a stmilar functional group in the side chain as the original amino acid.

Conservative substitution tables providing functionally similar amino acids are well known
in the art. Guidance concerning which amino acid changes are likely to be phenotypically silent can
also be found in Bowie et al | 1990, Science 247 1306 1310, Such conservatively modified variants
are in addition to and do not exclude polymorphic variants, interspecies homologs, and alleles. Typical
conservative substitutions include but are not limited to: 1) Alanine (A), Glycine (G); 2) Aspartic acid
{3, Glutamic acid (E); 3} Asparagine (N}, Glutamine (Q}; 4) Arginine (R}, Lysine (K}, 5} Isoleucine
(D, Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y}, Tryptophan (W), 7)
Sering (8}, Threonine (T, and B} Cysteing (C}), Methionine (M) (see, e.g., Creighton, Proteins (1984)).
Amino acids can be substituted based upon properties associated with side chains, for example, amino
actds with polar side chains may be substituted, for example, Serine (S) and Threonine (T); amine
acids based on the electrical charge of a side chains, for example, Arginine (R} and Histidine (H); and
amino acids that have hydrophobic side chains, for example, Valine (V) and Leucine (1) As indicated,
changes are typically of a minor nature, such as conservative amino acid substitutions that do not
significantly atfect the folding or activity of the protein.

The phrase "non-conservative substitutions” as used heretn refers to replacement of the
amino acid as present in the parent sequence by another naturally or non-naturally occurring amino
actd, having different electrochemical and/or steric properties. Thus, the side chain of the
substituting amino acid can be significantly larger (or smaller) than the side chain of the native
amino acid being substituted and/or can have functional groups with significantly different

electronic properties than the amino acid being substituted. Examples of non-conservative
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substitutions of this type include the substitution of phenylalanine or cycohexylmethyl glycine for

alanine, isoleucine for glycine, or -NH-CH [(-CH» )5 COOH] -CO- for aspartic acid. Those non-
conservative substitutions which fall under the scope of the present invention are those which still
constitute a peptide having anti-bacterial properties.

The N and C termint of the peptides of the present invention may be protected by function
groups. Suitable functional groups are described in Green and Wuts, "Protecting Groups in Organic
Syathesis", John Wiley and Sons, Chapters 5 and 7, 1991, the teachings of which are incorporated
herein by reference. Preferred protecting groups are those that facilitate transport of the compound
attached thereto into a cell, for example, by reducing the hydrophilicity and increasing the
lipophilicity of the compounds.

According to specific embodiments, one or more of the amino acids may be modified by
the addition of a functional group, for example (conceptually views as “chemically modified”).
For example the side amino acid residues appearing in the native sequence may optionally be
modified, although as described below alternatively other parts of the protein may optionally be
modified, in addition to or in place of the side amino acid residues. The modification ray
optionally be performed during synthesis of the molecule if a chemical synthetic process is
tollowed, for example by adding a chemically modified amino acid. However, chemical
modiftcation of an amino acid when it 13 already present tn the molecule ("in situ” modification)
is also possible. Modifications to the peptide or protein can be introduced by gene synthesis, site-
directed {e.g., PCR based) or random mutagenesis {e.g, EMS) by exonuclease deletion, by
chemical modification, or by fusion of polynucleotide sequences encoding a heterologous domain
or binding protein, for example.

As used herein the term "chemical modification”, when referring to a peptide, refers to a
peptide where at least one of its amino acid residues is modified either by natural processes, such
as processing or other post-transiational modifications, or by chemical modification techniques
which are well known in the art. Non-limiting exemplary types of modification include
carboxymethylation, acetylation, acylation, phosphorylation, glycosylation, amidation, ADP-
ribosylation, fatty acylation, addition of farnesyl group, an isofarnesyl group, a carbohydrate group,
a fatty actd group, a linker for conjugation, functionalization, GPI anchor formation, covalent
attachment of a lipid or lipid derivative, methylation, myristylation, pegylation, prenylation,
phosphorylation, ubiquitination, or any similar process and known protecting/blocking groups.
Ether bonds can optionally be used to join the serine or threonine hydroxyl to the hydroxyl of a
sugar. Amide bonds can optionally be used to join the glutamate or aspartate carboxyl groups to an

amino group on a sugar {(Garg and Jeanloz, Advances in Carbohydrate Chemistry and Biochemistry,
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Vol 43, Academic Press (1985), Kunz, Ang. Chem. Int. Ed. English 26:294-308 (1987}). Acetal

and ketal bonds can also optionally be formed between amino acids and carbohydrates. Fatty acid
acy! derivatives can optionally be made, for example, by acylation of a free amino group {(e.g.,
tysine) (Toth et al., Peptides: Chemistry, Structure and Biology, Rivier and Marshal, eds., ESCOM
Publ., Leiden, 1078-1079 (1990}).

According to specific embodirnents, the modifications include the addition of a cycloalkane
moiety to the peptide, as described tn PCT Application No. W0 2006/050262, hereby incorporated
by reference as if fully set forth herein. These moieties are designed for use with biomolecules and
may optionally be used to impart various properties to proteins.

Furthermore, optionally any point on the peptide may be modified. For example, pegvylation
of a glycosylation motety on a protein may optionally be performed, as described in PCT
Application No. WO 2006/050247, hereby incorporated by reterence as if fully set forth herein.
One or more polyethylene glycol (PEG) groups may optionally be added to O-linked and/or N-
linked glycosylation. The PEG group may optionally be branched or linear. Optionally any type of
water-soluble polymer may be attached to a glycosylation site on a protein through a glycosyl
finker.

By "PEGylated protein” is meant a protein, or a fragment thereof having biological activity,
having a polyethylene glycol (PEG) moiety covalently bound to an amino acid residue of the
protein.

By "polyethylene glycol” or "PEG" is meant a polvalkylene glycol compound or a derivative
thereof] with or without coupling agents or derivatization with coupling or activating moieties {(e.g.,
with thiol, triflate, tresylate, azirdine, oxirane, or preferably with a maletmide moiety). Compounds
such as maleimido monomethoxy PEG are exemplary or activated PEG compounds of the
invention. Other polyalkylene glycol compounds, such as polypropylene glycol, may be used in the
present invention. Other appropriate polyalkylene glyecol compounds include, but are not limited
to, charged or neutral polymers of the following types: dextran, colomivic acids or other
carbohydrate based polymers, polymers of amino acids, and biotin derivatives.

According to specific embodiments, the peptide is modified to have an altered glycosylation
pattern (i.e., altered from the original or native glycosylation pattern}. As used herein, "altered”
means having one or more carbohydrate moieties deleted, and/or having at least one glycosylation
site added to the original protein.

Glycosylation of proteins is typically either N-linked or O-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide

sequences, asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except
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proline, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the

asparagine side chain. Thus, the presence of either of these tripeptide sequences in a polypeptide
creates a potential glycosylation site. O-linked glycosylation refers to the attachment of one of the
sugars N-acetyigalactosarnine, galactose, ot xylose to a hydroxyamino acid, most commonly serine
or threonine, although S-hydroxyproline or S-hydroxylysine may also be used.

Addition of glycosylation sites to a peptide is conveniently accomplished by altering the
amino acid sequence of the peptide such that it contains one or more of the above-described
tripeptide sequences (for N-linked glycosylation sites). The alteration may also be made by the
addition of, or substitution by, one or more serine or threonine residues in the sequence of the
original peptide (for O-linked glycosylation sites). The peptide's amino acid sequence may also be
altered by introducing changes at the DNA level.

Another means of increasing the number of carbohydrate moieties on peptides is by chemical
or enzymatic coupling of glycosides to the amino acid residues of the peptide. Depending on the
coupling mode used, the sugars may be attached to {a) arginine and histidine, (b} free carboxyl
groups, (¢} free sulthydryl groups such as those of cysteine, (d) free hydroxyl groups such as those
of serine, threonine, or hydroxyproline, (e} aromatic residues such as those of phenylalanine,
tyrosine, ot tryptophan, or {f) the amide group of glutamine. These methods are described e.g v
WO 87/05330, and in Aplin and Wriston, CRC Crit. Rev. Biochem., 22: 259-306 (1981).

Removal of any carbohydrate moieties present on a peptide may be accomplished
chemically, enzymatically or by introducing changes at the DNA level. Chemical deglycosylation
requires exposure of the peptide to triflucromethanesulfonic acid, or an equivalent compound. This
treatment results in the cleavage of most or all sugars except the linking sugar (N-acetyiglucosamine
or N-acetylgalactosamine), leaving the amino acid sequence intact.

Chemical deglycosylation 15 described by Hakimuddin et al , Arch. Biochern. Biophys., 259
52 {1987}, and Edge et al., Anal. Biochem., 118: 131 (1981} Enzymatic cleavage of carbohydrate
moicties on peptides can be achieved by the use of a variety of endo- and exo-glycosidases as
described by Thotakura et al., Meth. Enzymol., 138: 350 (1987).

According to specific embodiments, the peptide comprises a detectable tag. As used herein, in
one embodiment the term “detectable tag” refers to any moiety that can be detected by a skilled
practitioner using art known techniques. Detectable tags may be peptide sequences. Optionally the
detectable tag may be removable by chemical agents or by enzymatic means, such as proteolysis.
Detectable tags of some embodiments of the present invention can be used for purification of the
peptide. For example the term “detectable tag” includes chitin binding protein (CBP)-tag, maltose

binding protein (MBP)-tag, glutathione-S-transferase (GST)-tag, poly(His)-tag, FLAG tag, Epitope
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tags, such as, V5-tag, c-myc-tag, and HA-tag, and fluorescence tags such as green tluorescent protein

{GFP), red fluorescent protein (RFP), yellow fluorescent protein (YFP), blue fluorescent protein
{(BFP), and cyan fluorescent protein (CFPY; as well as derivatives of these tags, or any tag known in
the art. The term “detectable tag” also includes the term “detectable marker”.

According to specific embodiment, the peptide comprises a detectable tag attached to its N-
terminal {e.g. poly(His)-tag).

According to specific embodiment, the peptide comprises a detectable tag attached to its C-
terminal (e.¢. poly(His)-tag).

According to specific embodiments, the N-terminal of the peptide does not comprise a
detectable tag (e.g. poly(His)-tag).

According to specific embodiments, the C-terminal of the peptide does not comprise a
detectable tag (e g poly(His)-tag).

According to specific embodiments the peptide is fused to a cleavable motety. Thus, for
example, to facilitate recovery, the expressed coding sequence can be engineered to encode the peptide
of some embodiments of the present invention and fused cleavable moiety. In one embodiment, the
peptide is designed such that it is readily isolated by atfinity chromatography; e.g., by immobilization
on a colurmn specific for the cleavable moiety. In one embodiment, a cleavage site is engineered
between the peptide and the cleavable motety and the peptide can be released from the
chromatographic column by treatment with an appropriate enzyme or agent that specifically cleaves
the fusion protein at this site [e.g., see Booth ef af , Immunol. Lett. 19:65-70 (1988); and Gardella ef
al, J. Biol. Chem. 265:15854-15859 (1990}]. According to specific embodiments, the peptide 1s an
isolated peptide.

The peptides of some embodiments of the invention may be synthesized and purified by any
techniques that are known to those skilled 1n the art of peptide synthesis, such as, but not hmited to,
solid phase and recombinant techniques.

For solid phase peptide synthesis, a summary of the many techniques may be found o J.
M. Stewart and 1. D. Young, Solid Phase Peptide Synthesis, W. H. Freeman Co. (San Francisco),
1963 and J. Meienhofer, Hormonal Proteins and Peptides, vol. 2, p. 46, Academic Press (New
York), 1973, For classical solution synthesis see (3. Schroder and K. Lupke, The Peptides, vol. 1,
Academic Press (New York), 1965,

In general, these methods comprise the sequential addition of one or more amino acids or
suitably protected amino acids to a growing peptide chain. Normally, either the amino or carboxyl
group of the first amino acid is protected by a suitable protecting group. The protected or

derivatized amino acid can then either be attached to an inert solid support or utilized in sclution
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by adding the next amino acid in the sequence having the complimentary (amino or carboxyl)

group suitably protected, under conditions suitable for forming the amide linkage. The protecting
group is then removed from this newly added amino acid residue and the next amino acid (suitably
protected) is then added, and so forth. After all the desired amino acids have been linked in the
proper sequence, any remaining protecting groups {and any solid support) are removed
sequentially or concurrently, to afford the final peptide compound. By simple modification of thus
general procedure, tf ts possible to add more than one amino acid at a time to a growing chaig, for
example, by coupling (under conditions which do not racemize chiral centers) a protected
tripeptide with a properly protected dipeptide to form, after deprotection, a pentapeptide and so
torth. Further description of peptide synthesis is disclosed in U.S. Pat. No. 6,472,50S.

A preferred method of preparing the peptide compounds of some embodiments of the
invention involves solid phase peptide synthesis.

Large scale peptide synthesis is described by Andersson Biopolymers 2000;55(3):227-50.

According to specific embodiments, the peptide is synthesized using in vitro expression
systems. Such in vifro synthesis methods are well known in the art and the components of the system
are commercially available.

According to specific embodiments, the peptide is produced by recombinant DNA
technology. A "recombinant" peptide, or protein refersto a peptide, or protein produced by
recombinant DNA techniques; 1.e., produced from cells transformed by an exogenous DNA construct
encoding the desired peptide or protein.

Thus, according to another aspect of the present invention, there is provided an isolated
polynucleotide comprising a nucleic acid sequence encoding any of the above described fusion
proteins.

According to specific embodiments, the polynucleotide 1s least 70 %, 75 % , 80 %, 81 %,
82 %%, 83 %, 84 %, 85 %, 86 %, 87 %, 88 %, 88 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 % or 99 % homologous to the nucleic sequence as set forth in SEQ ID No. 55 - 66 or 68,
each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the polynucleotide s least 95 %, 96 %, 97 %, 98 % or
99 % homologous to the nucleic sequence as set forth in SEQ 1D No. 55 - 66 or 08

According to specific embodiments, the polynucleotide comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NG: 55 — 66 and 68, each possibility represents a

separate embodiment of the present invention.
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According to specific embodiments, the polynucleotide consists of a nucleic acid sequence

selected from the group consisting of SEQ 1D NO: 55 — 66 and 68, each possibility represents a
separate embodiment of the present invention.

According to specific embodiments, the polynucleotide comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 55-61 and 68.

According to specific embodiments, the polynucleotide consists of a nucleic acid sequence
selected from the group consisting of SEQ D NO: 55-61 and 68,

According to specific embodiments, the polynucleotide comprises a nucleic acid sequence
selected from the group consisting of SEQ D NG 55, 56 and 58

According to specific embodiments, the polynucleotide consists of a nucleic acid sequence
selected from the group consisting of SEQ D NO: 55, 56 and 58.

According to another aspect of the present invention, there is provided an isolated
polynucleotide comprising a nucleic acid sequence encoding any of the above described SIRPa
amino acid sequence being 100 — 119 amino acids in length and having at least 95 % identity to
SEQ ID NOs: 24 and/or 26 or any of the above described 4-1BBL amino acid sequence being 185
- 202 amino acids in length and having at least 95 % identity to an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 22, 23, 27 and 28.

According to specific embodiments, the polynucleotide is least 70 %, 75 %, 80 %, 81 %,
82 %, 83 %, 84 %, 85 %, 86 Y%, 87 %. 88 Y, 88 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 % or 99 % homologous to the nucleic sequence as set forth in SEQ 1D No. 33 or 34, each
possibility represents a separate embodiment of the present invention.

According to specific embodiments, the polynucleotide 15 least 95 %, 96 %, 97 %, 98 % or
99 % homologous to the nucleic sequence as set forth in SEQ 1D No. 33 or 34

According to specific embodiments, the polynucleotide comprises SEQ 1D NO: 33 or 34,

According to specific embodiments, the polynucleotide consists of SEQ ID NG: 33 or 34

According to specific embodiments, the polynucleotide 15 least 70 %, 75 %, 80 %, 81 %,
82 %, 83 %, 84 %, 85 %, 86 %, 87 %, 88 %, 88 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 90 %,
97 %, 98 % or 99 % homologous to the nucleic sequence as set forth in SEQ [D NO: 39, 40, 41,
42,73, 75, 77 or 79 each possibility represents a separate embodiment of the present invention.

According to specific embodiments, the polynucleotide 1s least 70 %, 75 %, 80 %, 81 %,
82 %, 83 %. 84 %, 85 %, 86 Y%, 87 %, 88 Y, B8 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 % or 99 % homologous to the nucleic sequence as set forth in SEQ ID NO: 39, 40, 41 or

42, each possibility represents a separate embodiment of the present invention.
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According to specific embodiments, the polynucleotide is least 95 %, 96 %, 97 %, 98 %

E

or

o

ng
I
i

99 % homologous to the nucleic sequence as set forth in SEQ 1D NO: 39, 40, 41, 42,

79.

3,75, 77 or

According to specific embodiments, the polynucleotide is least 95 %, 96 %, 97 %, 98 % or
99 % homologous to the nucleic sequence as set forth in SEQ 1D NO: 39, 40, 41 or 42.

According to specific embodiments, the polynucleotide comprises SEQ 1D NO: 39, 40, 41,

42 73,75, 77 or 79,
According to specific embodiments, the polynucleotide comprises SEQ 1D NO: 39, 40, 41
or 42,

According to specific embodiments, the polynucleotide consists of SEQ ID NO: 39, 40,
41,42, 73,75, 77 or 79.

According to specific embodiments, the polynucleotide consists of SEQ ID NO: 39, 40, 41
or 42

As used herein the term “polynuclectide” refers to a single or double stranded nucleic acid
sequence which 18 1solated and provided in the form of an RNA sequence, a complementary
polynuclectide sequence (¢DNA), a genomic polynucleotide sequence and/or a composite
polynucleotide sequences (e.g, a combination of the above).

To express an exogenous polypeptide in mammalian cells, a polynucleotide sequence
encoding the polypeptide is preferably ligated into a nucleic acid construct suitable for mammalian
cell expression. Such a nucleic acid construct includes a promoter sequence for directing
transcription of the polynucleotide sequence in the cell in a constitutive or inducible manner.

Hence, according to specific embodiments, there ts provided nucleic acid construct
comprising the polynuclectide and a regulatory element for directing expression of said
polynucleotide in a host cell.

According to specific embodiments, the regulatory element is a heterologous regulatory
element.

The nucleic acid construct (also referred to herein as an "expression vector") of some
embodiments of the invention includes additional sequences which render this vector suitable for
replication and integration tn prokaryotes, eukaryotes, or preferably both (e g., shuttle vectors). In
addition, a typical cloning vector may also contain a transcription and translation imtiation
sequence, transcription and translation terminator and a polyadenylation signal. By way of
example, such constructs will typically include a 5 LTR, a tRNA binding site, a packaging signal,

an origin of second-strand DNA synthesis, and a 3' LTR or a portion thereof.
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The nucleic acid construct of some embodiments of the invention typically includes a

signal sequence for secretion of the peptide from a host cell in which it is placed. Preferably the
signal sequence for this purpose is a mammalian signal sequence or the signal sequence of the
polypeptide variants of sore embodiments of the invention.

Eukaryotic promoters typically contain two types of recognition sequences, the TATA box
and upstream promoter elements. The TATA box, located 25-30 base pairs upstrearn of the
transcription inttiation site, is thought to be involved tn directing RNA polymerase to begin RNA
synthesis. The other upstream promoter elements determine the rate at which transcription is
initiated.

Preferably, the promoter utilized by the nucleic acid construct of some embodiments of the
tnvention ts active in the specific cell population transformed. Examples of cell type-specific
and/or tissue-specific promoters include promoters such as albumin that is liver specific [Pinkert
et al., (1987) Genes Dev. 1:268-277], lvmphoid specific promoters [Calame et al., (1988) Adv.
Immunol. 43:235-2751; in particular promoters of T-cell receptors [Winoto et al., (1989 EMBO
F. 8:729-7331 and immunoglobuling; [Banerjt et al. (1983) Cell 33729-740], neuron-specific
promoters such as the neurofilament promoter [Byrne et al. (1989) Proc. Natl. Acad. Sci. USA
86:5473-5477], pancreas-specific promoters [Edlunch et al. (1985) Science 230:912-916] or
mammary gland-specific promoters such as the milk whey promoter (U.S. Pat. No. 4,873,316 and
European Application Publication No. 264,166).

Enhancer elements can stimulate transcription up to 1,000 fold from linked homologous or
heterologous promoters. Enhancers are active when placed downstream or upstream from the
transcription initiation site. Many enhancer elements derived from viruses have a broad host range
and are active in a variety of tissues. For example, the SV40 early gene enhancer is suitable for
many cell types. Other enhancer/promoter combinations that are suitable for some embodiments
of the invention include those derived from polyoma virus, human or murine cytomegalovirus
(CMV), the long term repeat from various retroviruses such as murine leukemia virus, murine or
Rous sarcoma virus and HIV. See, Enhancers and Eukaryotic Expression, Cold Spring Harbor
Press, Cold Spring Harbor, N.Y. 1983, which is incorporated herein by reference.

In the construction of the expression vector, the promoter is preferably positioned
approximately the same distance from the heterologous transcription start site as it is from the
transcription start stte in its natural setting. As is known in the art, however, some vartation in this
distance can be accommodated without loss of promoter function.

Polyadenylation sequences can also be added to the expression vector in order to increase

the efficiency of SIRPu-4-1BBL, SIRPao or 4-1BBL mRNA translation. Two distinct sequence
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elements are required for accurate and efficient polyadenvlation: GU or U rich sequences located

downstream from the polyadenylation site and a highly conserved sequence of six nucleotides,
AAUAAA, located 11-30 nuclectides upstream. Termination and polyadenylation signals that are
suitable for some embodiments of the invention include those derived from SV40.

In addition to the elements already described, the expression vector of some embodiments
of the invention may typically contain other specialized elements intended to increase the level of
expression of cloned nucleic acids or to facilitate the identification of cells that carry the
recombinant DNA. For example, a number of animal viruses contain DNA sequences that promote
the extra chromosomal replication of the viral genome in permissive cell types. Plasmids bearing
these viral replicons are replicated episomally as long as the appropriate factors are provided by
genes either carried on the plasmid or with the genome of the host cell.

The vector may or may not include a eukaryotic replicon. If a eukaryotic replicon is
present, then the vector is amplifiable in eukaryotic cells using the appropriate selectable marker.
If the vector does not comprise a eukaryotic replicon, no episomal amplification is possible.
Tustead, the recombinant DNA integrates into the genome of the engineered cell, where the
promoter directs expression of the desired nucleic acid.

The expression vector of some embodiments of the invention can further include additional
polynucleotide sequences that allow, for example, the translation of several proteins from a single
mBNA such as an internal ribosome entry site (IRES) and sequences for genomic integration of
the promoter-chimeric polypeptide.

It will be appreciated that the individual elements comprised in the expression vector can
be arranged in a variety of configurations. For example, enhancer elements, promoters and the
like, and even the polynucleotide sequence(s) encoding a SIRPo-4-1BBL, a polypeptide
comprising a SIRPa amino acid sequence or a polypeptide comprising a 4-1BBL amino acid
sequence can be arranged in a "head-to-tail" configuration, may be present as an inverted
complement, or in a complementary configuration, as an anti-parallel strand. While such variety
of configuration is more likely to occur with non-coding elements of the expression vector,
alternative configurations of the coding sequence within the expression vector are also envisioned.

Examples for mammalian expression vectors include, but are not lumited to, pcDNA3,
pcDNA3 1(+/-), pGL3, pfeoSV2(+/-}, pSecTag?, pDisplay, pEF/myc/cyto, pCMV/myc/cyio,
pCR3.1, pSinReps, DH26S, DHBB, pNMT1, pNMT41, pNMT81, which are available from
Invitrogen, pCI which is available from Promega, pMbac, pPbac, pBK-RSV and pBK-CMV which

are available from Strategene, pTRES which 13 available from Clontech, and their derivatives.
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Expression vectors containing regulatory elements from eukaryotic viruses such as

retroviruses can be also used. SV40 vectors include pSVT7 and pMT2. Vectors derived from
bovine papilloma virus include pBY-1MTHA, and vectors derived from Epstein Bar virus include
pHEBO, and p205. Other exemplary vectors include pMSG, pAVOO9/A+, pMTO10/A+,
pMAMneo-5, baculovirus pDSVE, and any other vector allowing expression of proteins under the
direction of the SV-40 early promoter, SV-40 later promoter, metallothionein promoter, murine
mammary tumor virus promoter, Rous sarcoma virus promoter, polyhedrin promoter, or other
promoters shown effective for expression in eukaryotic cells.

As described above, viruses are very specialized infectious agents that have evolved, in
many cases, to elude host defense mechanisms. Typically, viruses infect and propagate in specific
cell types. The targeting specificity of viral vectors utilizes its natural specificity to specifically
target predetermined cell types and thereby introduce a recombinant gene into the infected cell.
Thus, the type of vector used by some embodiments of the invention will depend on the cell type
transformed. The ability to select suitable vectors according to the cell type transtormed is well
within the capabilities of the ordinary skilled artisan and as such no general description of selection
consideration is provided herein. For example, bone marrow cells can be targeted using the human
T cell leukemia virus type 1 (HTLV-D and kidney cells may be targeted using the heterologous
promoter present in the baculovirus Autographa californica nucleopolyhedrovirus (AcMNPV} as
described in Liang CY et al., 2004 (Arch Virol. 149: 51-60).

Recombinant viral vectors are useful for in vivo expression of SIRPa-4-1BBL, 5iRPa or
4-1BBL since they offer advantages such as lateral infection and targeting specificity. Lateral
infection 1s inherent in the life cycle of, for example, retrovirus and is the process by which a single
infected cell produces many progeny virions that bud off and infect neighboring cells. The result
is that a large area becomes rapidly infected, most of which was not mitially infected by the
original viral particles. This is in contrast to vertical-type of infection in which the infectious agent
spreads only through daughter progeny. Viral vectors can also be produced that are unable to
spread laterally. This characteristic can be useful if the desired purpose is to introduce a specified
gene into only a localized number of targeted cells.

Various methods can be used to introduce the expression vector of some embodiments of
the invention into cells. Such methods are generally described in Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New York (1989, 1992}, in
Ausubel et al., Current Protocols in Molecular Biology, John Wiley and Sons, Baltimore, Md.
{1989), Chang et al., Somatic Gene Therapy, CRC Press, Ann Arbor, Mich. (1995), Vega et al,

Gene Targeting, CRC Press, Ann Arbor Mich. (1995), Vectors: A Survey of Molecular Cloning
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Vectors and Their Uses, Butterworths, Boston Mass. (1988) and Gilboa et at. [Biotechniques 4

(6}, 504-512, 1986] and include, for example, stable or transient transfection, lipofection,
electroporation and infection with recombinant viral vectors. In addition, see U.S. Pat. Nos.
5,464,764 and 5,487,992 for positive-negative selection methods.

Introduction of nucleic acids by viral infection offers several advantages over other
methods such as hipofection and electroporation, since higher transfection etficiency can be
obtained due to the infectious nature of viruses.

Currently preferred in vivo nucleic acid transfer techniques include transfection with viral
or non-viral constructs, such as adenovirus, fentivirus, Herpes simplex I virus, or adeno-associated
virus (AAV) and lipid-based systems. Useful hipids for lipid-mediated transfer of the gene are, for
example, DOTMA, DOPE, and DC-Chol [Tonkinson et al., Cancer Investigation, 14(1): 54-65
(1996)]. The most preferred constructs for use in gene therapy are viruses, most preferably
adenoviruses, AAVY, lentiviruses, or retroviruses. A viral construct such as a retroviral construct
includes at least one transcriptional promoter/enhancer or locus-defining element(s}), or other
elemnents that control gene expression by other means such as alternate splicing, nuclear RNA
export, or post-translational modification of messenger. Such vector constructs also include a
packaging signal, long terminal repeats (LLTRs) or portions thereof, and positive and negative
strand primer binding sites appropriate to the virus used, unless it is already present in the viral
construct. In addition, such a construct typically includes a signal sequence for secretion of the
peptide from a host cell in which it 1s placed. Preferably the signal sequence for this purpose is a
mammalian signal sequence or the signal sequence of the polypeptide variants of some
embodiments of the invention. Optionally, the construct may also include a signal that directs
polvadenylation, as well as one or more restriction sites and a translation termination sequence.
By way of example, such constructs will typically include a 5 LTR, a tRNA binding site, a
packaging signal, an origin of second-strand DNA synthesis, and a 3' LTR or a portion thereof.
Other vectors can be used that are non-viral, such as cationic lipids, polylysine, and dendrimers.

As mentioned, other than containing the necessary elements for the transcription and
translation of the inserted coding sequence, the expression construct of some embodiments of the
tnvention can also include sequences engineered to enhance stability, production, purification,
yield or toxicity of the expressed peptide. For example, the expression of a fusion protein or a
cleavable fusion protein comprising the SIRPo-4-1BBIL protein or the polypeptide of some
embodiments of the invention and a heterologous protein can be engineered. Such a fusion protein
can be designed so that the fusion protein can be readily isolated by affinity chromatography; e.g.,

by immobilization on a column specitic for the heterclogous protein. Where a cleavage site is
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engineered between the SIRPg-4-1BBL protein or the polypeptide of some embodiments of the

tnvention and the heterologous protein, the SIRPa-4-1BBL protein or the polypeptide can be
released from the chromatographic column by treatment with an appropriate enzyme or agent that
distupts the cleavage site [e.g., see Booth et al. (1988) Immunol. Lett. 19:65-70; and Gardella et
al., {1990} J. Biol. Chem. 265:15854-15859].

The present invention also conteraplates cells corprising the composition described
herein,

Thus, according to specific embodiments, there is provided a host cell comprising the
SIRPa-4-1BBL fusion protein, the polypeptide comprising the SIRPg amino acid sequence and/or
the polypeptide comprising the 4-1BBL amino acid sequence disclosed herein, the polynucleotide
encoding same ot the nucleic actd construct encoding same.

As mentioned hereinabove, a variety of prokaryotic or eukaryotic cells can be used as host-
expression systems to express the polypeptides of some embodiments of the invention. These
include, but are not limited to, microorganisms, such as bacteria transformed with a recombinant
bacteriophage DNA, plasmid DNA or cosmid DNA expression vector containing the coding
sequence; yeast transformed with recombinant veast expression vectors containing the coding
sequence; plant cell systems infected with recombinant virus expression vectors {e.g., cauliflower
mosaic virus, CaMV,; tobacco mosaic virus, TMV) or transformed with recombinant plasmid
expression vectors, such as Ti plasmid, containing the coding sequence. Mammalian expression
systems can also be used to express the polypeptides of some embodiments of the invention,

Examples of bacterial constructs include the pET series of E. coli expression vectors
{Studier et al. (1990) Methods in Enzymol. 185:60-89).

Examples of eukaryotic cells which may be used along with the teachings of the invention
include but are not limited to, mammalian cells, fungal cells, yeast cells, insect cells, algal cells or
plant cells.

In veast, a number of vectors containing constitutive or inducible promoters can be used,
as disclosed in U.S. Pat. Application No: 5,932,447, Alternatively, vectors can be used which
promote integration of foreign DNA sequences into the yeast chromosome.

In cases where plant expression vectors are used, the expression of the coding sequence
can be driven by a number of promoters. For example, viral promoters such as the 355 RNA and
198 RNA promoters of CaMV [Brisson et al. (1984} Nature 310:511-514], or the coat protein
promoter to TMV [Takamatsu et al. (1987yEMBOJ. 6:307-311] can be used. Alternatively, plant
promoters such as the small subunit of RUBISCO [Coruzzi et al. (1984) EMBO J. 3:1671-1680
and Brogli et al,, (1984) Science 224:838-843] or heat shock promoters, e.g., soybean hspl7.5-E
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or hsp17.3-B [Gurley et al. (1986) Mol. Cell. Biol. 6:559-565] can be used. These constructs can

be introduced into plant cells using Ti plasmid, Ri plasmid, plant viral vectors, direct DNA
transformation, microinjection, electroporation and other techniques well known to the skilled
artisan. See, for example, Weissbach & Weisshach, 1983, Methods for Plant Molecular Biology,
Academic Press, NY, Section VI, pp 421-463.

Other expression systems such as insects and mammalian host cell systems which are well
known in the art can also be used by some embodiments of the invention.

According to specific embodiments the cell 1s a mammalian cell.

According to specific embodiment, the cell 1s a human cell.

According to a specitic embodiment, the cell is a cell line.

According to another specific embodiment, the cell is a primary cell.

The cell may be derived from a suitable tissue including but not limited to blood, muscle,
nerve, brain, heart, lung, liver, pancreas, spleen, thymus, esophagus, stomach, intestine, kidney,
testis, ovary, hair, skin, bone, breast, uterus, bladder, spinal cord, or various kinds of body fluids.
The cells may be derived from any developmental stage including embryo, fetal and adult stages,
as well as developmental origin i e, ectodermal, mesodermal, and endodermal origin.

Non limiting examples of mamralian cells include monkey kidney CV1 line transtformed
by SV40 (COS, eg. COS-7, ATCC CRL 1651); human embryonic kidney line (HEK293 or
HEK293 cells subcloned for growth in suspension culture, Graham et al, J. Gen Virol., 36:59
1977); baby hamster kidney cells (BHK, ATCC CCL 10); mouse sertoli cells {TM4, Mather, Biol.
Reprod., 23:243-251 1980); monkey kidney cells (CV1 ATCC CCL 70); African green monkey
kidney cells (VERO-76, ATCC CRL-1587), human cervical carcinoma cells (Hela, ATCC CCL
2y, NIH3T3, Jurkat, canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver celis (BRL 3A,
ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB
8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al., Annals
N.Y. Acad. Sci., 383:44-08 1982); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2),
PER.C6, K562, and Chinese hamster ovary cells (CHO).

According to some embodiments of the invention, the marmmalian cell is selected from the
group consisting of a Chinese Hamster Ovary (CHO), HEK293, PER.C6, HT1080, NSO, 5p2/0,
BHK, Namalwa, COS, Hela and Vero cell.

According to some embodiments of the invention, the host cell comprises a Chinese
Hamster Ovary (CHO), PER.C6 and 293 {(e.g., Expi293F) cell.

According to another aspect of the present invention, there is provided a method of

producing a SIRPa-4-1BBL fusion protein, a polypeptide comprising a SIRPa amino acid
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sequence or a polypeptide comprising a 4-1BBL amino acid sequence, the method comprising

expressing in a host cell the polynucleotide or the nucletc acid construct described herein.

According to specific embodiments, the methods comprising iscolating the fusion protein
or the polypeptide.

According to specific embodiments, recovery of the recombinant polypeptide is effected
following an appropriate timne in culture. The phrase "recovering the recombinant polypeptide”
refers to collecting the whole fermentation medium containing the polypeptide and need not imply
additional steps of separation or purification. Notwithstanding the above, polypeptides of some
embodiments of the invention can be purified using a variety of standard protein purification
techniques, such as, but not himited to, affinity chromatography, ion exchange chromatography,
filtration, electrophoresis, hydrophobic  interaction  chromatography, gel filtration
chromatography, reverse phase chromatography, concanavalin A chromatography, mix mode
chromatography, metal affinity chromatography, Lecting affinity chromatography,
chromatofocusing and differential solubilization.

According to specific embodiments, following synthesis and purification, the therapeutic
efficacy of the peptide can be assayed either in vivo or in vitre. Such methods are known in the art
and include for example cell viability, survival of transgenic mice, and expression of activation
markers.

The compositions (e.¢. the SRIPg-4-1BBL fusion protein, the polypeptide comprising a

SIRPa amino acid sequence, the polypeptide comprising a 4-1 BBL amino acid sequence disclosed
herein, polynucleotide encoding same, nucleic acid construct encoding same and/or cells) of some
embodiments of the invention can be administered {o an organism per se, or in a pharmaceutical
composition where it 1s mixed with suitable carriers or excipients.

Thus, the present invention, 1o some embodiments, features a pharmaceutical composition
comprising a therapeutically effective amount of the compositions disclosed herein.

As used herein a "pharmaceutical composition” refers to a preparation of one or more of
the active ingredients described herein with other chemical components such as physiologically
suitable carriers and excipients. The purpose of a pharmaceutical composition is to facilitate
administration of a compound to an organism.

Herein the term "active ingredient” refers to the composition {(e.g. SIRPu-4-1BBL fusion
protein, polypeptide comprising a SIRPo amino acid sequence, polypeptide comprising a 4-1BBL
amino acid sequence, polynucieotide, nucleic acid construct and/or cells described herein)

accountable for the biological effect.
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Herein the term "excipient" refers to an inert substance added to a pharmaceutical

composition to further facilitate administration of an active ingredient. Examples, without
limitation, of excipients include calcium carbonate, calcium phosphate, various sugars and types
of starch, cellulose derivatives, gelatin, vegetable oils and polyethylene glycols.

Hereinafter, the phrases "physiologically acceptable carrier" and "pharmaceutically
acceptable carrier” which may be interchangeably used refer to a carrier or a diluent that does not
cause significant irritation {o an organism and does not abrogate the biological activity and
properties of the administered compound. An adjuvant is included under these phrases.

As used herein, "pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying
agents, and the like that are physiclogically 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, ie, a
polypeptide, a polynucleotide, a nucleic acid construct and/or cell as described herein, may include
one or more pharmaceutically acceptable salts. 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 (sec 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 saltsinclude
those derived from nontoxic inorganic acids, such as hydrochloric, nitric, phosphoric, sulfuric,
hydrobromic, hydroiodic, phosphorous and the like, as well as from nontoxic organic acids such as
aliphatic mono- and dicarboxylic acids, phenyvl-substituted alkanoic acids, hydroxy alkanoic acids,
aromatic actds, 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 nontoxic organic amines, such as N N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanclamine, 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-oxidants. Examples of
pharmaceutically 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
hydroxytoluene (BHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3} metal
chelating agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric
actd, phosphoric acid, and the like. A pharmaceutical composition according to at least some

embodiments of the present invention also may include additives such as detergents and
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solubilizing agents {e.g., TWEEN 20 (polysorbate-20), TWEEN 80 (polysorbate-80)) and

preservatives (e.g., Thimersol, benzyl alcohol} and bulking substances (e.g., lactose, mannitol).

Examples of suitable aqueous and nonaqueous carriers that may be employed in the
pharmaceutical compositions according to at least some embodiments of the present invention
include water, buffered saline of various buffer content (e.g., Tris-H{], acetate, phosphate), pH and
ionic strength, ethanol, polyols (such as glycerol, propylene glveol, polyethylene glycol, and the
like}, and suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters,
such as ethyl oleate.

Proper fluidity 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 moay 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 casriers 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 agents for pharmaceutically active substances is known in the art. HExcept
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 compositions typically must be sterile and stable under the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,
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 glvcol, 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 susfactants. In

many cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such
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as mannitol, sorbitol, or sodium chloride in the composition. Prolonged absorption of the injectable

compaositions can be brought about by including in the composition an agent that delays absorption,
for example, monostearate salts and gelatin. 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, foliowed by sterilization mucrofiltration.
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 (Iyophilization) 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 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.

The amount of active ingredient which can be combined with a carrier material 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 be 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 about 0.01
per cent to about ninety-nine percent of active ingredient, preferably from about 0.1 per cent to
about 70 per cent, ruost preferably from about 1 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. It is especially advantageous to formulate parenteral
compositions in dosage unit form for ease of administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete units suited as unitary dosages for the subjects to

be treated; each unit contains a predetermined quantity of active compound calculated to produce
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the desired therapeutic effect in association with the required pharmaceutical carrier. The

specification for the dosage unit forms according to at least some embodiments of the present
invention are 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 limutations inherent in
the art of compounding such an active compound for the treatment of sensitivity in individuals.

Techniques for formulation and adrunistration of drugs may be found in “Remington’s
Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA, latest edition, which is incorporated
herein by reference.

Pharmaceutical compositions of some embodiments of the invention may be manufactured
by processes well known in the art, e g, by means of conventional mixing, dissolving, granulating,
dragee~-making, levigating, emulsifying, encapsulating, entrapping or lyophilizing processes.

A composition of the present invention can be administered via one or more routes of
administration using one 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 ishalation), 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, intraperitoneal, intravenous (IV) and
intradermal), transdermal (either passively or using iontophoresis or electroporation), transmucosal
{e.g., sublingual administration, nasal, vaginal, rectal, or sublingual), administration or
admuinistration via an imoplant, 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,
intraperifoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid,
intraspinal, epidural and intrasternal injection and infusion or using bioerodible inserts, and can be
formulated tn dosage forms appropriate for each route of administration. In a specitic embodiment,
a protein, a therapeutic agent or a pharmaceutical composition according to at least some

embodiments of the present invention can be administered intraperitoneally or intravenously.
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According to specific embodiments, the compositions disclosed herein 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 for parenteral injection are
provided including effective arnounts of the compositions described heretn, 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-HCI, acetate, phosphate), pH and 1onic strength;
and additives such as detergents and solubilizing agents (e.g, TWEEN 20 (polysorbate-20),
TWEEN 80 (polysorbate-80)), anti-oxidants (e.g., water soluble antioxidants such as ascorbic acid,
sodium metabisulfite, cysteine hydrochloride, sodium bisulfate, sodium metabisulfite, sodium
sulfite; otl-soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-tocopherol; and metal chelating
agents, such as citric acid, ethvlenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid,
phosphoeric acid}, and preservatives (e.g., Thimersol, benzy! alcchol} and bulking substances {e.g.,
lactose, mannitol). Examples of non-aqueous solvents or vehicles are ethanol, propylene glycol,
polyethvlene glycol, vegetable oils, such as olive oil and corn oil, gelatin, and injectable organic
esters such as ethyl oleate. The formulations may be freeze dried (Jyophilized) or vacuum dried and
redissolved/resuspended immediately before use. The formulation may be sterilized by, for
example, filtration through a bacteria retaining filter, by incorporating sterilizing agents into the
compaositions, by irradiating the compostiions, or by heating the compositions.

Various compositions {e.g., polypeptides) 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 of the present invention can be delivered to the lungs while inhaling and
traverse across the lung epithelial lining to the blood stream when delivered etther as an aerosol or
spray dried particles having an aerodynamic diameter of less 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 nebulizers, metered dose inhalers, and powder inhalers, all of which
are familiar to those skilled in the art. Some specitic examples of commercially available devices
are the Ultravent nebulizer (Mallinckrodt Inc., St. Louis, Mo.}; the Acorn I 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,
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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 to the mucosa will typically be spray dried drug particles,
which may be incorporated into a tablet, gel, capsule, suspension or erulsion. Standard
pharmaceutical excipients are available from any formulator. Oral formulations may be in the form
of chewing gum, gel strips, tablets or lozenges.

Transdermal formulations may aiso 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 penetration enhancers. 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, the route
of administration, the time of administration, the rate of excretion of the particular compound being
employed, the duration of the treatment, other drugs, compounds and/or materials 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.

According to specific embodiments, the compositions disclosed herein are administered to
a subject in a therapeutically effective amount. As used herein the term “effective amount” or
"therapeutically effective amount” means a dosage sufficient to treat, inhibit, or alleviate one or
more symptoms of the disorder being treated or to otherwise provide a desired pharmacologic
and/or physiologic effect. The precise dosage will vary according to a variety of factors such as
subject-dependent variables {(e.g., age, immune system health, etc ), the disease, and the treatment
being effected. For the polypeptide compositions disclosed herein, the polynucleotides and nucleic
acids constructs encoding same and the cells described herein, as further studies are conducted,
information will emerge regarding appropriate dosage levels for treatment of various conditions in
various pattents, and the ordinary skilled worker, considering the therapeutic context, age, and
general health of the recipient, will be able to ascertain proper dosing. The selected dosage depends
upon the desired therapeutic effect, on the route of administration, and on the duration of the
treatment desired. For polypeptide compositions, generally dosage levels of 0.0001 to 100 mg/kg
of body weight daily are administered to mammals and more usually 0.001 to 20 mg/ke. For

example dosages can be 0.3 mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5
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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 5 times per week, 4 times per week, 3 times per week, 2
times per week, once per week, once every two weeks, once every three weeks, once every four
weeks, once a month, once every 3 months or once every three to 6 months. Generally, for
intravenous injection or infusion, dosage may be lower. 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. It is
especially advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used herein refers to physically
discrete units suited as unitary dosages for the subjects to be treated, each unit contains a
predetermined quantity of active compound calculated to produce the desired therapeutic effect in
association with the required pharmaceutical carrier. The specification for the dosage unit forms
according to at least some embodiments of the present invention are 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.

Optionally the polypeptide formulation may be administered in an amount between 0.0001
to 100 mg/kg weight of the patient/day, preferably between 0.001 to 20.0 mg/kg/day, according to
any suitable timing regimen. A therapeutic composttion according to at least some embodiments
according to at least some embodiments of the present invention can be administered, for example,
three times a day, twice a day, once a day, three times weekly, twice weekly or once weekly, once
every two weeks or 3, 4, S, 6, 7 or § weeks. Moreover, the composition can be administered over a
short or long period of time (e.g., 1 week, 1 mounth, 1 year, 5 years).

Alternatively, the compositions disclosed herein can be administered as a sustained release
formulation, in which case less frequent administration 1s 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 treatment i1s prophylactic or therapeutic. In
prophylactic applications, a relatively low dosage 1s administered at relatively infrequent intervals
over a long period of time. Some patients continue to receive treatment for the rest of their lives. In
therapeutic applications, a relatively high dosage at relatively short intervals is sometimes required

until progression of the disease is reduced or terminated, and preferably until the patient shows
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partial or complete amelioration of symptoms of disease. Thereafter, the patient can be administered

a prophylactic regime.

In certain embodiments, the polypeptide, polynucleotide, nucleic acid construct or celis
compositions are administered locally, for example by inyection directly into a site to be treated.
Typically, the injection causes an increased localized concentration of the composition which is
greater than that which can be achieved by systemic adminisiration. The polypeptide compositions
can be combined with a matrix as described above 1o assist in creating an increased localized
concentration of the polypeptide compositions by reducing the passive diftusion of the polypeptides
out of the site to be treated.

Pharmaceutical compositions of the present invention may be administered with medical
devices known in the art. For example, in an optional embodiment, a pharmaceutical composttion
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: US. 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.8. Pat. No. 4,439,196, which discloses an
osmotic drug delivery system having multi-chamber compartments; and U.S. Pat. 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 to those skilled in
the art.

The active compounds can be prepared with carriers that will protect the compound against
rapid refease, 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, polyglveolic acid, collagen, polyorthoesters, and polylactic
actd. Many methods for the preparation of such formulations are patented or generally known to
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, 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
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microcapsules, where the core is of a different 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 the active
agents disclosed herein, 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 selected based on the period over which release is
desired. In some cases lingar release may be most useful, although in others a pulse release or "bulk
release" may provide more effective results. The polymer may be in the form of a hydrogel
{(typically 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 exaruple, as described
by Mathiowitz and Langer, J. Controlled Release, 5:13-22 (1987}, Mathiowitz, et al, Reactive
Polymers, 6:275-283 (1987); and Mathiowitz, etal , J. Appl Polymer ScL, 35:755-774 (1988).

The devices can be formulated for focal release to treat the area of implantation or injection
- which will typically deliver a dosage that is much less than the dosage for treatment of an entire
body - or systemic delivery. These can be implanted or injected subcutanecusly, into the muscle,
fat, or swallowed. In certain embodiments, to ensure that the 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. For methods of manufacturing liposomes, see, e.g., U.S.
Pat. Nos. 4,522,811, 5,374,548 and 5,399,331, The liposomes may comprise one or more moieties
which are selectively 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.8. Pat. No. 5,416,016 to Low et al ), mannosides (Umezawa ¢t 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. J Physiol. 1233:134); p120 (Schreter et al. (1994) 1. Biol.
Chem. 269:9090}; see also K. Keinanen; M. L. Laukkanen (1994) FEBS Lett. 346:123; 1. J. Killion;
. J. Fidler (1994) Imnwunomethods 4:273.
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Compositions of some embodiments of the invention may, if desired, be presented in a

pack or dispenser device, such as an FDA approved kit, which may contain one or more unit dosage
forms containing the active ingredient. The pack may, for example, comprise metal or plastic foil,
such as a blister pack. The pack or dispenser device may be accompanied by iustructions for
administration. The pack or dispenser may also be accommodated by a notice associated with the
container in a form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the
composttions of human or veterinary administration. Such notice, for example, may be of labeling
approved by the U.S. Food and Drug Administration for prescription drugs or of an approved
product insert. Compositions comprising a preparation of the invention formulated in a compatible
pharmaceutical carrier may also be prepared, placed in an appropriate countainer, and labeled for
treatment of an indicated condition, as is further detailed above.

As used herein the term “about” refers to + 10 %

The terms "comprises”, "comprising", "includes", "including", “having” and their
conjugates roean "including but not himited to".

The term “consisting of” means “including and limited to”.

The term "consisting essentially of” means that the composition, method or structure may
include additional ingredients, steps and/or parts, but only if the additional ingredients, steps and/or
parts do not materially alter the basic and novel characteristics of the claimed composition, method
or structure,

As used herein, the singular form "a", "an” and "the" include plural references unless the
context clearly dictates otherwise. For example, the term "a compound” or "at least one compound”
may include a plurality of compounds, including mixtures thereof.

Throughout this application, various embodiments of this invention may be presented in
a range format. It should be understood that the description in range format is merely for
convenience and brevity and should vot be construed as an inflexible lirottation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This
applies regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited numeral

(fractional or integral) within the indicated range. The phrases “ranging/ranges between” a first
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indicate number and a second indicate number and “ranging/ranges from” a first indicate number

“t0” a second indicate number are used herein interchangeably and are meant to include the first
and second indicated numbers and all the fractional and integral numerals therebetween.

As used herein the term "method” refers to manners, means, techniques and procedures
for accomplishing a given task including, but not limited to, those manners, means, techniques and
procedures either known to, or readily developed from known manners, means, techniques and
procedures by practitioners of the chemical, pharmacological, biological, biochemical and medical
arts.

When reference is made to particular sequence listings, such reference ts to be understood
to also encompass sequences that substantially correspond to its complementary sequence as
including minor sequence variations, resulting from, e.g., sequencing errors, cloning errors, or
other alterations resulting in base substitution, base deletion or base addition, provided that the
frequency of such variations is less than 1 in 50 nucleoctides, alternatively, less than 1 in 100
nucleotides, alternatively, less than 1 in 200 nucleotides, alternatively, less than 1 in 500
nucleotides, alternatively, less than 1 in 1000 nuclectides, alternatively, less than 1 in 5,000

nucleotides, alternatively, less than T in 10,000 nucleotides.

EXAMPLES

Reference is now made to the following examples, which together with the above
descriptions illustrate some embodiments of the invention in a non limiting fashion.

Generally, the nomenclature used herein and the laboratory procedures utilized in the
present invention include molecular, biochemical, microbiological and recombinant DBNA
techniques. Such techniques are thoroughly explained in the literature.  See, for example,
"Molecular Cloning: A laboratory Manual” Sambrook et al, (1989); "Current Protocols n
Molecular Biology" Volumes [-1I1 Ausubel, R. M., ed. (1994}, Ausubel et al., "Current Protocols
in Molecular Biology", John Wiley and Sons, Baltimore, Maryland (1989); Perbal, "A Practical
Guide to Molecular Cloning”, John Wiley & Sons, New York (1988); Watson et al | "Recombinant
DNA", Scientific American Books, New York; Birren et al. (eds) "Genome Analysis: A
Laboratory Manual Series”, Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in US. Pat. Nos. 4,606,828, 4,683,202; 4,801,531; 5,192,659 and
5,272,057, "Cell Biclogy: A Laboratory Handbook”, Volumes I-IHI Cellis, I E,, ed. (1994);
"Culture of Animal Cells - A Manual of Basic Technique" by Freshney, Wiley-Liss, N. Y. (1994},
Third Edition; "Current Protocols in Immunology” Volumes I-1l Coligan J. E., ed. (1994); Stites

et al. (eds), "Basic and Clinical Immunology” (8th Edition), Appleton & Lange, Norwalk, CT
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{1994}, Mishell and Shiigt (eds), "Selected Methods in Cellular Immunology”, W. H. Freeman
and Co., New York {1980); available immunocassays are extensively described in the patent and
scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153, 3,850,752; 3,850,578;
3.853,987: 3,867,517, 3,879.262. 3,901.654; 3935074, 3,984,533 3,996345, 4,034,074:

4,098,876, 4,879,219, 5011771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. 1, ed.

{1984}, “Nucleic Acid Hybridization” Hames, B. D, and Higgins S. ], eds. (1985); "Transcription
and Translation” Hames, B. D, and Higgins 8. ], eds. (1984}, "Animal Cell Culture” Freshney,
R 1, ed (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A Practical Guide to
Molecular Cloning" Perbal, B., (1984} and "Methods in Enzymology” Vol. 1-317, Academic
Press; "PCR Protocols: A Guide To Methods And Applications”, Academic Press, San Diego, CA
(1990); Marshak et al., "Strategies for Protein Purification and Characterization ~ A Laboratory
Course Manual" CSHL Press (1996); all of which are incorporated by reference as if fully set forth
herein. Other general references are provided throughout this document. The procedures therein
are believed to be well known in the art and are provided for the convenience of the reader. All

the information contained therein is incorporated herein by reference.

EXAMPLE 1
SELECTION OF SIRPo-4-1BBL VARIANTS
A structural analysis of a SIRPg-4-1BBL fusion protein referred to herein as “DSP107”
comprising an N-terminal signal peptide and a C-terminal his~tag (SEQ ID NO: 43, Figure 1)

was effected in order to optimize the following parameters:

® Folding — proper folding to allow binding to targets, minimize potential di-sulfide
scrambling;

® Integrity - no exposed proteolytic sites;

® Multimerization - explore potential multimerization of the two domains.

Specifically, optimize trimerization of C-terminal domain formation,

® High expression in mammalian expression system; and
® Low immunogenicity.

Specifically, for the SIRPu domain (corresponding to amino acids 31-373 of UniProt ID
P78324 EM domain, SEQ 1D NG: 2}

L. A SIRPa comprehensive model was generated based on PDB structures: 2115,
20T, 2UV3, 2WNG, 4CMM, 4K1Y, 6BIT. Since the C-terminal part of SIRPo is missing in these
PDB structures (starting from VAL338, ie. VSAHPKEQGSNTAAENTGSNERNIY, SEQ ID
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NO: 9) a modeling and homology-medeling techniques were applied to come up with a plausible

predicted model.

2. Structural analysis — Structural analysis was performed in order to highlight
potential elements within the fusion protein which may atfect the desired profile. These analyses
include:

- Identification of hydrophobic segments which may cause protein aggregation and
non-native oligomerization using electrostatic potential surface calculation with Delphi and
CHARMM-based algorithms.

- Homology modeling for the fusion proteins based on published x-ray structures.

- Structure prediction for regions with no determined high-resolution structure (using
structure prediction servers: robetta, TASSER and PEP-FOLD3)}.

- Prediction of potential cleavage sites on the sequence of the fusion protein (or
suggested vartant} according to PROSPER server for proteolytic sites prediction.

3. A crude model for potential misfolded forms was generated to evaluate DSP107
docking of SIRPa expressed domain with 4-1BBL.

For 4-1BBL (corresponding to aminc acids 50-254 of UniProt ID P41273 EM domain,
SEQ ID NO: 3):

1. A 4-1BB-L extraceliular (EC) domain model was generated based on PDB
structure: 2X29. Since the N-terminal part of the 4-1BBL is missing and was not resolved in the
X-ray, it seems that this segment (ACPWAVSGARASPGSAASPRLREGPELSPD, SEQ 1D NO:
10} exposes hydrophobic residues to the solvent and attempts to predict its structure indicated an
unstructured region. This might lower the stability of the fusion DSP107 and also might interfere
with the proper orientation for trimerization via 4-1BBL.

2. The fusion protein was analyzed for proteolytic sites using the PROSPER server.

3. A loop within the 4-1BBL resolved domain was detected which is facing outwards
toward the solvent, implying it could be a region which undergoes processing,

Figures 2A-3 and Table 3 below demonstrate the 3D models generated, the domains and
segments 1dentified, and the predicted proteolytic sites detected in the analysis of DSP107 fusion
protein.

Taken together, the structural analysis indicated the following:

1. Removing an N-terminal segment of the 4-1BBL domain (ACPWAVSGARASPG,
SEQ ID NO: 6 / ACPWAY, SEGQ 1D NO: 7) 18 expected to lower flexibility and hydrophobicity
of DSP107.
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Removing the Ig-like C1 typel and Ig-like C1 type2 will reduce the size of the

protein while keeping its CD47 interacting domain active. Hence, the C-terminal of SIRPg should
end with: TELSVRAKPS (SEQ 1D NO: 8} linked to 4-1BBL.
In the N-terminal segment of the 4-1BBL domain (ACPWAVSGARASPG, SEQ
D NO: 6/ ACPWAVY, SEQ ID NG: 7) there is a free Cys residue which might prevent proper

S

3.

folding/rearrangement due to incorrect disulphide bonds.

4.

o-His tag at the N-terminal of SIRPa is expected to interact with the initial 3

Glutamic acids of SIRPa and result in masking of this region.

5.

It seems that there are few cleavage sites on the flanking/unstructured regions.

Table 3: Predicted proteolytic sites in DSP107 SIRPa-4-1BBL fusion protein (SEQ ID NO: 5)

Merops e Positio . N“ e Cleavage
D Protease Name 4 P4-P4’ site fragment(k fmgmem score
Da) (kDa)

801.131 ¢lastase-2 322 TCQVEHDG 37.79 28.76 (.93
M10.604 | matrix metallopeptidase-9 330 QPAV|SKSH 38.74 27.81 1.23
826.008 myiak‘;‘j;figggesmg 337 HDLKVSAH 39.54 3031 1.1
s6o0g | Uwlakeidal processing 342 SAHPKEQG 40.03 26.52 0.9%

peptidase

S01.269 glutamy! peptidase | 352 TAAENTGS 4116 2539 0.97
MI6.604 | matrix metallopeptidase-9 360 NERNIYGA 4215 24.4 112
M10.004 | matrix metallopeptidase-9 4038 MFAQILVAQ 47.77 18.79 0.98
M16G.G05 | matrix metallopeptidase-3 412 LVAQINVLL 48.18 I8.3% i

MI6.604 | matrix metallopeptidase-9 413 VAQNIVLLE 48.29 18.26 1.13
A02.001 HIV-1 retropepsin 413 ONVL|LIDG 48.5 18.05 1.31
501.133 cathepsin G 416 NVLLIDGP 48.62 17.94 1.08
€01.036 cathepsin K 421 DGPLISWYS 4923 17.33 1.03
SO1.133 cathepsin G 421 DGPLISWYS 4923 17.33 1.11
M16.003 | matrix metallopeptidase-2 422 GPLSWYSD 4931 £7.24 i

501.001 Gh-"‘““’“ygii‘;,)A (cattle- | 4y LSWYISDPG 49.66 16.89 0.92
S01.133 cathepsin G 424 LSWY{SDPG 49.66 16.89 1.38

Based on the structural analysis several SIRPo variants were designed having an amino

actd sequence of SEQ 1D NO: 24 or 26 which can be fused to 4-1BBL or any variant thereof.

In addition, based on the structural analysis several 4-1BBL variants were designed having

an amino acid sequence of SEQ D NO: 22, 23, 27, 28, 70, 72, 74 or 76 which can be fused to

SIRPa or any variant thereof.

Moreover, to avoid the need of trimerization of the fusion protein to induce activity of the

4-1BBL moiety, 4-1BBL variants comprising 3 repeats of 4-1BBL amino acid sequence were

designed, which can be fused to SIRPg or any variant thereof. An exemplary sequence of such a
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4-1BBL variant comprises three repeats of SEQ ID NO: 23 having a (GGGGSx2+GGGG (SEQ

1D NO: 82) linker between the repeats has an amino acid sequence of SEQ ID NO: 78,

As an example for SIRPu-4-1BBL fusion comprising such a 3 repeats 4-1BBL amino acid
sequence, predicted 3D models were generated using homology modeling followed by side chains
and loop retinement. These models analysis predicted possible binding to the ligands and no
interference between the ditferent dorains (Figures 37A-B).

Following, several SIRPo-4-1BBL vartants were designed. Their sequences including the
rational for their selection and their 3D model are demonstrated in Table 4 hereinbelow and Figures

4-6 and 37.
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EXAMPLE 2

MANUFACTURING OF SIRPe-4-1BBL VARIANTS
For comparative functional analysis and production evaluation, several histidine-tagged
SIRPa-4-1BBL fusion proteins were produced.

Production of the SIRPo-4-1BBL fusion protein referred to herein as "DSP107”
comprising a C-terminal His tag (SEQ 1D NO: 1) and three SIRPa-4-1BBL vaniants referred to
berein as “DSPI107 V17, “DSPI07 V27 and “DSP107 V3.17 comprising a C-terminal His tag
(SEQ ID NO: 12, 14 and 17, respectively], was etfected in ExpiCHO cells.

Production of a "DDSP107” comprising a N-terminal His tag (SEQ 1D NO: 44), was effected
in Expi293F cells.

Cells were transfected by a pcDNA3 4 expression vector cloned with coding sequence for
the full fusion protein and the three variants. The sequences were cloned into the vector using
EcoR1 and HindHI restriction enzymes, with addition of Kozak sequence, artificial signal peptide
(MGWSCHLFLVATATGVH, SEQ ID NO: 4) in the N-terminus, 6 His-tag in the N-terminus or
in the C-terminus, and a stop codon in the C terminus (SEQ ID NG: 51-54 and 69). The proteins
were collected from the supernatant of cell culture and purified by one-step purification by
HisTrap™ FF Crude column.

Under these production conditions, the yield of the C-terminal his-tagged DSP107 (SEQ
ID NO: 1) was approximately 67 mg per | liter of culture. In comparison, the yield of C-terminal
his-tagged DSP107 V1 (SEQ ID NO: 12) and DSP107 V2 (SEQ ID NO: 14) was approximately
150mg per 1 liter of culture; and the yield of C-terminal His tagged DSP107 V3.1 (SEQ ID NOG:
17y was approximately 212Zmg per 1 liter of culture. Yield was determined by BCA protein
measurement of the final product.

Following, the His-tagged proteins were purified by size exclusion chromatography to
collect the fraction of a purified trimer. 10 mg of His tagged DSP107 V1 and DSP107 V2 (8EQ
D NO: 12 and 14) were loaded on Superdex 200 column {60 + 100 x 1 .6cm) with PBS as mobile
phase and at a flow rate of Iml/min. The major peak corresponding to protein trimers was
collected.

Production of two variants of the SIRPo-4-1BBL fusion protein referred to hergin as
“DSPIOT7 V17 and “DSPIO7 V27 (SEQ ID NO: 11 and 13 respectively) was effected in CHO-
K1 and in CHO-S cells (only DSP107-V2).

CHO-K1 cells were transfected by pGenHT1.0 expression vector cloned with coding
sequences for the BSP107 V1 and DSPI07 V2 variants. The sequences were cloned into the

vector  with  addition of Kozak sequence and an artificial  signal  peptide
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(MGWSCHLFLVATATGVH, SEQ ID NO: 4) at the N-termuinus. CHO-S cells were transfected

by pMAXX]1 expression vector cloned with the coding sequence for the DSP107 V2 variant. The
sequence was cloned into the vector with addition of the 5” untranslated DNA sequence, Kozak
sequence and a signal peptide of Ritiwoamab Heavy chain (MGWSLILLFLVAVATRVLS, SEQ
I NO: 99). Transfected cells were selected as mini-pools and expression of DSP107 variants was
evaluated in either batch or fed batch culture.  The proteins were collected from the supernatant
of the cell culture and evaluated by ELISA (Figure 17) and SDS-PAGE (Figure 18).

The yield of 5 days batch culture of CHO-K1 derived selected mini-pools was up to 73
mg/L for DSPI07 V1 and up to 327 mg/L for DSP107 V2. The vield of 11 days fed batch of

CHO-S derived selected mini-pools was up to 1200 mg / L.

EXAMPLE3
DETERMINATION OF THE OLIGOMERIC STATE OF THE SIRPo-4-1BBL
VARIANTS

Materials — DSP107 comprising an N-terminal his-tag (SEQ ID NO: 44); and C-terruinal
his-tagged DSP107 (SEQ D NG: 1), DSPIO7 V1 (SEQ D NO: 12), DSPI107 V2 (SEQ ID NO:
14y and DSP107 V3.1 (SEQ 1D NOG: 17), produced as described in Example 2 hereinabove.
Spectra BR Protein molecular weight marker (Thermo Fisher Scientific, cat# 26634}, 4-20%
polvacrylamide gel (BioRad, cat# 556-8094), ¢-Stain peds (GenScript, cat #L.02011}, Laemmeli
Loading buffer (BioRad, cat# 161-0747).

Methods-

SDS-PAGE analvsis - Two ug protein from each sample was mixed with loading buffer

with or without f-mercaptoethanol (reduced and non-reduced conditions, respectively), heated for
5 mioutes at 95 °C and separated on 4-20 % gradient polyacrylamide gel electrophoresis SDS-
PAGE. Proteins migration on the gel was visualized by staining with e-Stain peds and washing
using the e-Stain machinery (GenScript), according to rnanufacturer iostructions.

Mass Spectrometry (MS) analysis —~ 5 pg of each protein sample were trypsinized either

following IAA cys modification without reduction or following reductive dimethylation reduction
and TAA cys modification. Samples were analyzed using the HFX mass spectrometer (Thermo)
and identified by Discoverer software version 1 4 vs the human uniprot database and against decoy
databases {in order to determine the false discovery rate ~FDR) and vs the specific sequences using
the Sequest search engine. In addition, massmatrix and starvoX software were used to detect s-s

bond.
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SEC-MALS analvsis - Proteins were loaded on a Superdex 200 Increase colummn (GE

Healthcare) and ran at a flow rate of 0.8 ml/ mun with 10 mM KPO4 pH 8.0 + 150 mM Na(ll as
mobile phase. Detection was performed by UV, MALS and RI using AKTA Explorer (GE) +
MimiDawn TREOS + OPTILAB T-re X (WYATT).

Results - SDS-PAGE analysis of the produced SIRPa-4-1BBL variants demonstrated that
N-terminal his-tagged DSP107 and C-ternunal his-tagged DSP107 (SEQ ID NO: 44 and 1), as
well as the C-terminal his-tagged DSP107 V1 and DSP107_V2, migrated in reducing conditions
slightly slower than the 70 kDa-molecular weight marker (Figure 7A). As expected, at similar
conditions, the C-terminal his-tagged DSP107-V3.1 (SEQ ID NO: 17) migrated differently than
the other variants appearing at similar location as the 40 kDa marker. Under non-reducing
conditions, N-terminal his-tagged DSP107 and C-terminal his-tagged DSP107 (SEQ ID NO: 44
and 1), appeared mainly as high molecular weight proteins (~210 kDa) (Figure 7B). Small
fractions of these proteins, as well as C-terminal his-tagged DSPI07 V1 and DSPI107 V2
migrated similarly to their migration in reducing conditions (i.e. ~75 kDa). This might suggest
that the DSP107 tusion protein contains 3-8 linked multimers. C-terminal his-tagged DSP107-
V3.1 migrated similarly under reducing and non-reducing conditions, like C-terminal his-tagged
DSP107-V1 and DSPI07-V2, suggesting that the 8-S predicted bond 1o the DSP107 protein is
mediated by the free cysteine residue {Cys346) that was removed from the sequence of all three
variants.

Mass Spectrometry (MS) analysts of reduced versus non-reduced N-terminal his-tagged
DSP107 and C-terminal his-tagged DSP107 demonstrated that Cys346 was partially S-S bonded.
This finding correlated with the presence of dimers in the non-reduced SDS-PAGE analysis of the
N-terminal his-tagged DSP107 and C-terminal his-tagged DSP107 (SEQ ID NO: 44 and 1), On
the other hand, Cys346 was removed from C-terminal his-tagged DSP V1, DSPI07 V2 and
DSP107-V3.1, and accordingly, no high order oligomers are detected in the non-reduced SDS-
PAGE analysis of the three variants.

SEC-MALS analysis of the produced SIRPa-4-1BBL proteins showed that all three His-
tagged SIRPo-4-1BBL varnants (SEQ ID NO: 12, 14 and 17) and the non-tagged DSP107 V2
(SEQ ID NO: 13) form trimers. The calculated mass of total protein was approximately 258
kDa for C-terminal his-tagged DSP107 V1 (SEQ ID NO: 12), 269kDa for his tagged DSP107 V2
(SEQ ID NO: 14), 107kDa for his tagged DSP107 V3.1 (SEQ ID NO: 17) and 210+ 20kDa for
DSP107 V2 (SEQ ID NO: 13) (Figure 38).
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EXAMPLE 4

THE 51RPo-4-1BBL VARIANTS CONTAIN BOTH DOMAINS

Materials — N-terminal his-tagged DSP107 (SEQ ID NO: 44); and C-terminal his-tagged
DSP107 (SEQ ID NO: 1), DSP107 V1 (SEQ ID NO: 12, DSP107 V2 (SEQ ID NO: 14) and
DSP107 V3.1 (SEQ D NO: 17), produced as described in Example 2 hereinabove. For the
Western blot analysis: Spectra BR protein marker (Thermo Fisher Scientific, cat¥ 206634),
Laemmeli Loading buffer (BioRad, cat# 161-0747), 4-20% polyacrylamide gel (BioRad, cat# 556-
8094), anti 4-1BBL (BioVision, 5369-100), anti SIRPu-biotinylated, (# LS-C370337, LsBio),
secondary Goat Anti Rabbit IgG (H + L)3-HRP Conjugate (R&D, cat# 170-6515), Streptavidin
Protein, HRP: (# 21126, Thermoscientific), ECL Plus Western Blotting substrate (Pierce, cat#
32132). For the sandwich ELISA: Anti 4-1BBL antibody (capture antibody from a matched pair;
Abnova #HO0008744-AP41), antt SIRPo-biotinylated antibody (LsBio #LS-C370337),
Streptavidin Protein, HRP (# 21126, Thermo Scientific), TMB substrate (1-Step™ Ultra TMB-
ELISA Substrate Solution, Thermo Scientific #34028).

Methods —

2

Western blot analysis - Proteins (500 ng or 50 ng per lane) were treated at reducing or

non-reducing conditions (in loading buffer containing B-mercaptoethanol and boiled for 5 minutes
at 95 °C, or in sample buffer without B-mercaptoethanol without heating, respectively) and
separated on a 4-20 % gradient SDS-PAGE gel. Proteins were transferred onto 2a PYDF membrane
and incubated overnight with primary antibodies anti 4-1BBL (1:10000) or biotinylated anti-
SIRPa (1:1000), followed by 1 hour incubation with a HRP-conjugated secondary antibody
{1:10000} or streptavidin-HRP substrate (1:20000), respectively. Signals were detected following
ECL development.

Sandwich ELISA - Plates are coated with anti 4-1BBL antibody (2.5 pg/ ml in PBS) and
blocked in blocking solution (PBS, 1 % BSA, 0.005 % Tween). The produced SIRPa-4-1BBL

fusion proteins, serially diluted in blocking solution, were added to the coated plates and incubated
for 2 hours, followed by incubation with detecting anti SIRPu-biotinylated antibody (1:100} and
subsequent detection with streptavidin-HRP and TMB substrate, according to manufacturer
recommendation. Plates were analyzed using a Plate reader {Thermo Scientific, Multiscan FC) at
450 nm, with reference at 620 nm.

Results — Separation of N-terminal his-tagged DSP107 (SEQ 1D NG: 44), C-terminal his-
tagged hus tagged DSP107 (SEQ ID NO: 1) and the three C-terminal his-tagged DSP107 variants
(DSP107 V1, DSPI07 V2 and BSP107 V3 1 {SEQIDNQO: 12, 14 and 17) on an SDS-PAGE gel

under non-reducing and reducing conditions, followed by immunoblotting with an anti-4-1BBL
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antibody (Figure S8A-B) or antt SIRPa antibody (Figure 8C}, demonstrated that both the N-terminal

side of the molecule and the C-terminal side of the molecule are present. In accordance with the
SDS-PAGE analysis (Example 3 hereinabove), the western blot analysis demonstrated that the N-
terminal his~-tagged DSP107; and C-termunal his-tagged DSP107, DSP107 V1 and DSP107 V2
proteins migrated in reducing conditions as approximate size of 75 kDa, corresponding to the
expected DSP107 monomer size. Additional bands of higher molecular weight were also detected
with anti 4-1BBL antibody in the N-terminal his-tagged DSP107 and C-terminal his-tagged
DSP107 fusion proteins, under non-reducing conditions, suggesting formation of an 8-S linked
mulfimer,

Following, a sandwich ELISA method was designed to detect the produced SIRPu-4-1BBL
fusion proteins using a capture antibody which binds the 4-1BBL domain and a detecting antibody
which binds the SIRPo domain. As shown in Figure 9, N-terminal his-tagged DSP107 as well as
C-terminal his-tagged DSP107 V1 and DSP107 V2 were detected and quantified in similara dose
response manner using the dual side ELISA, indicating that all tested fusion proteins comprise

both the N-terminal domain and the C-terminal domain.

EXAMPLES
THE SIRPo-4-1BBL VARIANTS BIND CD47 AND 4-1BB
Binding analysis of the SIRPa moiety of SIRPa-4-1BBL protein to CD47

The binding of the SIRPo domain of SIRPu-4-1BBL to human CI47 was evaluated using a
CHO-K1 cell line that 1s overexpressing CD47 or a SUDHLA human B cell lymphoma cell line that
endogenously expresses CD47. CHO-K1 WT cells served as a negative control. The binding of
the 4-1BBL domain of SIRPg-4-1BBL to human 4-1BB was evaluated using a human fibrosarcoma
cell line HT1080 that 1s overexpressing 4-1BB (Wyzgol A et al, J Immunol. 2009 183:1851-61).
Wild-type HT1080 cell line served as a negative control. Cells were incubated with different
concentrations of the produced SIRPu-4-1BBL fusion proteins followed by iramuno-staining with
a secondary anti 4-1BBL antibody to detect the binding to CD47. Alternatively, DSP107 V2 was
biotinylated to measure the total binding capacity of the molecule. Specific binding was evaluated
using an anti-CD47 blocking antibody or anti-4-1BB blocking antibody or combination of both
antibodies. Binding was analyzed by flow cytometry (FACS).

Muatericls - C-terminal his-tagged DSP107 (SEQ ID NOG: 1), DSP107_VI1 (SEQ 1D NG: 12,
DSP107 V2 (SEQ ID NO: 14) and DSP107 V3.1 (SEQ ID NO: 17), and DSP107 V2 (SEQ ID

NO: 13},produced as described in Example 2 hereinabove.



v

10

2
<

WO 2020/012486 PCT/IL2019/050783

114
CHO-K1-WT and CHO-K1-CD47 cell lines (Bommel et al, 2017, Oncoimmunclogy 7(2):

e1386361}, SUDHLA cells (ATCC CRL-2957), HT1080 cells (ATCC CCL-121), HT1080 cells
overexpressing 4-1BB (Wyzgol A. et al., J Immunol. 2009 183:1851-61), Fixable Viability Dye
{BD Biosciences, cat#562247), Human Fc blocker, True stain FCX (Biolegend, cat#422302), EZ-
Link NHS-PEG4-Biotin kit (Thermo Scientific, cath A39259) and the following antibodies: anti 4-
IBBL (Biolegend, cat# 311506), anti-CD47 (“Inhibrix-like” produced by GenScript according to
KAHR Medical instructions, Biolegend, cat#323124), anti-4-1BB (BD, cat# 552532 Biolegend,
cat# 309810}, 1sotype IgG1l, k (Biolegend, cat# 400112), APC streptavidin (SA) (Biolegend, cat#
405207y, CFSE  (Thermo Fisher, cat# C34554), CvtoLight Red (Incucyte, cat# 4700).

Methods - Membrane expression of CD47 or 4-1BB was evaluated by flow cytometry
using allophycocyanin (APC-conjugated anti-CI»47 and anti-4-1BB antibodies, respectively, and
the corresponding isotype controls. To determine binding of SIRPg-4-1BBL to CD47, cells were
pre-incubated with buman Fc blocker prior to incubation with different concentrations (0.01-50
pg / ml or 0.156-80 pg/ml, or 0.05-25 ug/mL, as indicated) of the produced SIRPu-4-1BBL
proteins for 30 minutes or 1 hour on ice, followed by immuno-staining with antibodies against 4-
IBBL, fixation and analysis by flow cytometry. To determine binding of SIRPo-4-1BBL to 4-
1BB, the SIRPu-~4- IBBL was biotinylated using the EZ-Link NHS-PEG4-Biotin kit, according to
the manufacturer’s protocol. Following, cells were washed and incubated for 1 hour at 37 °C with
anti-CD47 blocking Ab, in order to prevent binding of the SIRPa arm to CD47 or binding was
performed without blocking to demonstrate the total binding of the molecule {(by its two ligands)
to the cell. Following incubation, the biotinylated SIRPg-4-1BBL was added to the cells {serial
dilutions: 0.05-50 pug / mL; 0.238-238 nM) and incubated for 20 minutes at 4 °C. Following
incubation, cells were washed, stained with a detection Ab, APC-Streptavidin (SA), and incubated
for 30 minutes at 4 °C, washed and analyzed by flow cytometry. CHO-K1-CD47 cells were stained
with CFSE according to the manufacturer instructions, and HT1080 cells overexpressing cells
were stained with CytoLight Red. The two stained cell lines were mixed at a 1.1 ratio (30 000
cells per cell line). In some experiments blocking antibody (¢CD47, 041BB - 10ug/mi) was added
and incubated for 30 minutes at 4°C. DSP107 V2 (seq ID:13) at Sug/ml was added and incubated
for 30 minutes at RT. Cells were analyzed by using flow cytometry for the two dyes.

Results — High membrane expression of CD47 was observed on CHO-KI-CD47
overexpressing cells, SUDHIL4 cells and HT1018 cells, but not on CHO-K1 cells (Figures 19A-B
and 20}. All tested fusion proteins, bound to CD47 on CHO-K1-CD47 and DSP107 V2 (SEQ ID
NQO: 13) bound SUDHE4 cells and to 4-1BB and CI247 on HT1080 cells overexpressing 4-1BB

in a dose dependent manner (Figures 10, 21A-D and 22}, The results show that the total binding
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of biotinylated DSP107 V2 to HT1080 4-1BB OX cells was higher compared to binding to

HT 1080 parental cells (Figure 22). In addition, binding to HT 1080 W'T cells was totally abrogated
following CD47 blockade with a specific blocking Ab; and binding to HT1080 4-1BB OX celis
was only partially reduced. Simtlarly, only partial blocking to HT1080 4-1BB OX cells was
induced by the anti-4-1BB Ab. Total abrogation of DSP107 V2 binding was achieved with dual-
blocking of both CD47 and 4-1BB counterparts using both Abs (Figures 22). The proteins did not
bind CHO-K1-WT cells (Figure 21A_B). Isotype control incubated with the highest concentration
of protein did not show background staining.

Following, the simultaneous binding of DSP107 V2 (SEQ 1D NO: 13) to CFSE-labeled
HT1080 4-1BB OX cells and CytoLight Red-labelled CHO-K1 CD47 OX cells was evaluated.
Following incubation, Doublet formation of co-stained complexes of DSP107 V2 with both CD47
and 4-1BB OX cells was observed (Figure 23A), suggesting the approximation of adjacent cells
through the immunogenic synapse. The mean results from three independent experiments
comparing DSP107 V2 to medium control, demonstrated a significant increase in doublets, from
~ 10 % to >30 % (Figures 23B and 24). Importantly, the formation of doublets by BSP107 V2
was strongly inhibited upon co-incubation with either anti-CD47 or anti-4-1BB blocking Abs.
This finding is in line with SIRPo-4-1BBL mode of action, binding to both CD47 and 4-1BB

stmultaneocusly.

Binding of SIRPo-4-1BEL to human, mouse and cynomolgus monkey CD47 and 4-18BB
counterparts

The binding of the produced SIRPo-4-1BBL fusion proteins to CP47 and 4-1BB was
determined by Surface Plasmon Resonance (SPR) assays.

Materials - N-terminal his-tagged DSP107 (SEQ 1D NO: 44); and C-terminal his-tagged
DSP107 V1 (SEQ ID NO: 12}, DSP107 V2 (SEQ ID NO: 14) and DSP107 V2 (SEQ ID NO:
13}, produced as described in Example 2 hereinabove.

Series § sensor chip CMS5 (GE, cat. # BR100530), human Ab capture kit (GE, cat. #
BR100839), human PDL1-hF¢ (R&D, cat. # 156-B7-100), human CD47-hFc (R&D, cat # 4670-
CD-050), mouse CD47-hFe (R&D, cat. # 1860-C-050), cynomolgus CD47-hFc
{ACROBiosystems, cat. # CD7-C5252), human 4-1BB-hFc (LsBio, cat # LS-G4041-100), mouse
4-1BB-hFc (R&D, cat. # 937-4B-050}, cynomolgus 4-1BB-hFc (R&D, cat. # 9324-4B-100).

Methods — SPR assays were performed using a Biacore T100 biosensor (GE Healthcare).
25 ug/ mL anti-human IgG {(anti-Fc} antibody from the human Ab Capture Kit was coupled to all

four flow-channels of the chip (Fc1-4), using a standard amine coupling protocol, as recommended
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by the manufacturer. Binding of CD47 and 4-1BB to the chip was performed in HBS-EP+ running

buffer (10 mM HEPES pH 7.3, 150 mM Na(l, 3 mM EDTA, 0.0 5% Tween20): Human PDL1
{negative control} was loaded onto the reference channel Fcl (10 ug/ mL in the 1st experiment
and S pg/ml in the 2nd experiment, for 10 seconds at 20 ul / min), while Fc2-4 were loaded with
the human, mouse and cynomolgus CD47-hFc proteins (10 ug / mL in the Ist experiment and 5
pg / ml in the 2nd experiment, for 5 seconds at 20 pl / min). Following automated regeneration
of the chip, it was re-loaded with the human PDL1-hF¢ on channel Fcl, and with the human,
mouse and cynomolgus 4-1BB-h¥Fc proteins (10, S and 7.5 ug/ mL in the st expeniment; 5, 2.5
and 3.75 pug / mlL tn the 2nd experiment, respectively, for 5 sec at 20 pl. / min) on channels Fc2-
4. The chip was fully charged with all counterparts {average immobilized amount of ligand was
150RU}. Following, the N-terminal his-tagged DSP107 (SEQ ID NG: 44), C-terminal his-tagged
DSP107 V1 (SEQ ID NO: 12) and DSP107 V2 (SEQ ID NO: 14) were passed over all four
channels. This process was iteratively repeated with various concentrations of the SIRPa-4-1BBL
fusion proteins (500-0.1 2ZnM, in serial 1:2 dilutions), at flow rate of 50 ul./ min (association time:
120 sec; dissociation time: 300 sec for CD47 proteins and 600 sec for 4-1BB proteins). 3M MgCl2
solution was injected (45 sec at 20 ul / min) at the end of each cycle, to regenerate the active
surface by dislodging the captured molecules. The binding parameters were evaluated using
Kinetic 1:1 Binding model in BiaEvaluation software v. 3.0.2 (GE Healthcare).

Results — The kinetic analysis demonstrated that N-terminal his-tagged DSP107 and the
two C-terminal his-tagged SIRPu-4-1BBL varants DSP107_V1 and DBSP107 V2, have similar
and high affinities to the human and cynomolgus CD47, and lower affinity to the murine CD47
{Table 5A hereinbelow). Kinetic analysis of DSP107 V2 (SEQ ID NO: 13) showed similar and
high affinities to the human and cynomolgus CD47, and no affinity to the murine CD47 (Tables
5B-C). Al four SIRPu~-4-1BBL tusion proteins tested show similar and high atfinities to human
and cynomolgus 4-1BB, and do not bind murine 4-1BB. None of the SIRPo-4-1BBL fusion

proteins tested bound the human PDL1 negative control.
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Table SA: kinetic SPR analysis of N-terminal his-tagged DSP107 (SEQ ID NO: 44); and

C-terminal his-tagged DSP107 V1 (SEQ ID NO: 12) and BSP107 V2 (SEQ ID NO: 14)

Exp. ka

#-p SIRPy-4-1BBL variant Counterpart | {(V/{(Msec)) | kd (I/sech) | KD (M)

| N-terminal his-tagged DSPI07 0 0 0
C-terminal his~tagged DSP107-V2 HPDLL 0 { 8

, C-terminal his-tageed DSP107-V2 0 { 0
C-terminal his-tagged DSP107-V | 0 { &

1 N-terminal his-tagged DSP107 1 81E+06 3.07E-03 | 1.70E-09
C-terminal his-tagged DSP107-V2 hCDAT 9.02E+05 | 146E-03 | 1.61E-09

. C-terminal his-tagged DSP107-V2 5.29E+08 | 788E-04 | 1.49E-09
{C-terminal his-tagged DSP107-V1 7 91E+(5 1.82E-03 | 2,30E-09

. N-terminal his-tagged DSP107 4.12E+04 | 926E-04 | 2.25E-08
{-terminal his-tagged DSP107-V2 mCD4T 1.34E+05 | B.19E-04 | 6.12E-09

o {-terminal his-tagged DSP107-V2 7. 30E+04 841E-04 | 1.15E-08

- {-terminal his-tagged DSP107-V1 2. 69E+04 397E-04 | 1.48E-08

| N-ternunal his-tagged DSP107 L73E+06 | 339E-03 | 1.96E-09
C-terminal his~tagged DSP107-V2 cCDAT 7.87TEA+O5 1.49E-03 | 1.89E-(9

) C-terminal his~tagged DSP107-V2 6.13E+05 | BT71E-04 | 1.42E-09
C-terminal his~tagged DSP107-V 1 6.54E+05 | 2.11E-03 | 3.23E-09

1 N-terminal his-tagged DSP107 2. 36E405 1.64E-04 | 6.96E-18
C-terminal his-tagged DSP107-V2 +4-1BB 1 49E+05 1.46E-04 | 9.80E-18

3 C-terminal his-tagged DSP107-V2 4 84E+05 147E-04 | 3.05E-10
C-terminal his-tageed DSP107-V1 6. 34E+05 1 56E-04 | 2,47E-18

! N-terminal his-tagged DSP167 0 0 ﬁ
C-terminal his-tagged DSP107-V2 md-1BB 0 0 i

. C-terminal his-tagged DSP107-V2 0 0 i
C-terminal his-tagged DSP107-V1 0 0 L

! N-terminal his-tagged DSP107 5.11E+05 | 1.359E-04 | 3.11E-10
{-terminal his-tagged DSP107-V2 c4-1BB 3 22FE+05 1.29E-04 | 4.02E-10

. C-terminal his-tagged DSP107-V2 T.99E+05 | 1.39E-04 | 1.74E-10

- {-terminal his-tagged DSP107-V1 1.O7E+06 127E-04 | 1ISE-18

Table 8B: kinetic SPR analysis of DSP107 V2 (SEQ 1D NO: 13)

nﬁg?&?ﬁ Target receptor | ka (1/(M-sec)) | kd (1/sec) KD (M)
i N.D. N.D. N.B.
2 hPD-LI N.b. N.D. N.B.
3 N.D. N.D. N.B.
i 0.09E+06 1.08E-02 1.18E-09
2 BCD47 3.35E+06 9.72E-03 1.14K-09
3 8 36E+H6 9. 84E-03 1.18E-09
1 " 5T T o
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3 N.D. N.D. N.D.
1 1O3E+07 1.88E-02 1.82E-09
2 cCD47 3.65E-+06 1. 46E-02 1.68E-69
3 8 TOE+06 1.51E-02 1.74E-09
1 2. 90E+05 1.92E-04 6.62E-10
2 h4-1BB 3.02E+05 1.81E-04 5.95E-1C
3 2 81E+05 2.34E-04 8.34E-1¢
1 N.B. N.D. N.D,
2 m4-1BB N.D. N.B. N.B.
3 N.D. N.D. N.D.
1 3 REE+(QS5 1.78E-04 302E-10
2 c4-1BB 5.81E+03 1.75E-04 301E-10
3 5.35E+05 2. 208-04 4.11E-1¢

*N De=not detected

Table 8C: Average affinity constants of DSP_V2 (SEQ ID NO: 13} to human, mouse and
cynomolgus CD47 and 4-18BB

Counterpart KD (al])
Mouse | Monkey Huoman
D47 0 .75 aM 117 nM
4-1BB 0 33.8 nM 70 nM

EXAMPLE 6
ACTIVATION OF 4-1BB BY THE SIRP¢-4-1BBL VARIANTS

The activation effect of the 4-1BB receptor by the produced SIRPa-4-1BBL fusion proteins
is tested by using HT1080 celis that are overexpressing the 4-1BB receptor.  Specifically, the
HT1080-4-1BB cell line is overexpressing 4-1BB and is known to secrete 1L.8 upon binding of 4-
IBBL (Wyzgol et al, 2009, J fmmuncl 183(3):1851-61). Hence, binding of 4-1BBL to the 4-1BB
receptor on the surface of these cells, 1s expected to result in activating a signaling pathway tfollowed
by secretion of IL8. To this end, the cells are incubated in the presence of different concentrations
of the His-tagged SIRPu-4-1BBL and ILB secretion to the culture media is determined by ELISA.
Materials — N-terminal his-tagged DSP107 (SEQ ID NO: 44); and C-terminal his-tagged
DSPIO7 (SEQ ID NO: 1), DSP107 V1 (SEQ ID NO: 12, DSPI07 V2 (SEQ 1D NG: 14) and
DSP107 V3.1 (SEQ ID NO: 17), and DSPI07 V2 (SEQ ID NO: 13), produced as described in

Example 2 hereinabove.
HT1080-4-1BB cells (Wyzgol, et al, 2009, The Journal of Immunology), recombinant
hursan His-tagged CD47 protein (ACRO Biosystem, cat# CD7-H5227), recombinant human His-
tagged 4-1BBL protein (Cell Signaling, cat# 8460LF), L8 ELISA kit (cat#D8000C, R&D),
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DMEM {cat# 01-055-1A, Biological industries), FBS (cat# 10270106, Rhenium), AIM V {serum

free medium) (ThermoScientific), anti-CD47 Ab (Invitrogen, cat# 16-0479-85, clone B6H12).

Methods — Single culture assay: flat bottom, 96-wells plates were coated with 5 ug / mL
recombinant human His-tagged CD47 protein. Following a washing step, SIRPu-4-1BBL fusion
protein was added (0-5 ug/ mL) and incubated for 1 hour at 37 °C. WT HT1080 cell or HT1018-
4-1BB cells were added to the wells (10,000 cells / well) and incubated for 24 hours at 37 °C in
serum free medium. Following incubation, 1L8 concentration in the supernatant was determined
by IL-8 ELISA kit according to the manufacturer’s protocol. Plates were analyzed using a Plate
reader (Thermo Scientific, Multiscan FC) at 450 nm, with reference at 540 nm. The effect of
SIRPa-4-1BBL was also compared to that of its individual soluble components, human SIRPo,
buman 4-1BBL, or the combination of both. To determine binding specificity, an anti-CID47
blocking antibody competitor was added to the cultures 1 hour prior to addition of the SIRPu-4-
1BBL fusion protein, to block its binding via the SIRPo arm.

Co-culture assay: CHO-K1 WT or CHO-K1-CD47 cells were seeded in flat bottom 96-
wells plates (10,000 cells / well) and incubated overnight at 37 °C. The following day, the
supernatant was discarded, SIRPa-4-1BBL fusion protein was added (0-10 pg/ mL) and incubated
for 1 hour at 37 °C, tollowed by a washing step. HT1080 WT or HT1080-4-1BB cells were then
added (10,000 cells / well) and incubated for 24 hours at 37 °C. Following incubation, IL8
concentration in the supernatant was determined by IL-8 ELISA kit according to the
manufacturer’s protocol. Plates were analyzed using a Plate reader (Thermo Scientific, Multiscan
FC) at 450 nm, with reference at 540 nm.

Results — In the single~-culture assay, BSP107-V2 (SEQ ID NG 13} induced IL-8 secretion
from HT1080-4-1BB cells in the presence of plate-bound CD47, while in the absence of CD47, a
signiticantly lower activation effect was evident (Figure 25A, p <0.003; ~3 fold decrease). The
activity of both plate-bound and soluble DSP107 V2 was totally abrogated by anti-CD47
antibody. Blockage of the soluble DSP107 V2 might be attributed to abrogation of its low binding
to endogenous CD47, expressed on HT1080 cells.

Further, DSP107 V2 activated 4-1BB signaling more effectively (~3 fold increase) than
soluble 4-1BBL or the combination of soluble SIRPg and 4-1BBL (Figure 25B). As expected,
soluble SIRPa had no effect due to no interaction with the 4-1BB receptor.

In addition, IL.-8 secretion from HT1080-4-1BB cells following treatment with

DSP107 V2 was significantly enhanced (p <0.0032) (~3.5 fold) in the presence of CHO-K1-CD47
cells, as compared to CHO-K1 WT cells. IL-8 secretion was totally blocked by anti-CD47
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antibody, further suggesting that cross-presentation is necessary to transmit the co-stimulatory

signal by the 4-1BBL arm through the 4-1BB receptor (Figure 26).

EXAMPLE 7
ACTIVATION OF T CELLS BY THE SiIRPe-4-1BBL VARIANTS
The activation of a T cell requires two sigoals: ligation of the T-Cell Receptor (TCR) with
the Major Histocompatibility Complex (MHC)/peptide complex on the Antigen Presenting Cell
(APC) and cross-linking of co-stimulatory receptors on the T cell with the corresponding ligands
on the APC. 4-1BB 1s a T cell co-stimulatory receptor which upon ligation to 4-1BBL promotes
expansion, survival, differentiation and cytokine expression of both CD8+ and CD4+ T cells.

Numerous methods are known in the art to determine activation of T cells, including but
not limited to:

- Expression of activation markers on the surface of the T cells (for example: UD2S5, CD69,
CD62L, CDI137, CD107a, PD1 etc.). Expression of activation markers is tested by staining the
cells with specific antibodies and flow cytometry analysis (FACS),

- Secretion of inflammatory cytokines {for example: IL2, 116, IL8, INF gamma etc.).
Secretion of inflammatory cytokine is tested by ELISA.

- Proliferation, measured by pre-staining of T cells with CFSE (carboxyfluorescein
succinimidyl ester) and determining deviation of cells by CFSE dilution that 1s determined by
FACS.

- Killing of a target cell e.g. cancer cells that is measured by pre - labeling the cancer cells
using e.g. Calcine-AM reagent and measuring Calcine release into the culture medium using
luminescence plate reader.

To this end, the effect of the produced SIRPu-4-1BBL fusion proteins on proliferation of

human Peripheral Blood Mononuclear Cells (PBMCs) was evaluated as follows:

Muoterials ~ N-terminal his-tagged DSP107 (SEQ 1D NO: 44), C-terminal his-tagged
DSP107 V1 (SEQ ID NO: 12) and DSP107 V2 (SEQ ID NO: 14), produced as described in
Example 2 hereinabove.

Ficoll-Paque (cat# 17-1440-03, GE Healthcare), RPMI 1640 {cat# 01-100-1A, Biological
industries), FBS (cat# 12657-029, Gibeo), L-Glutamine (cat# 25030-024, Gibco), Pen Strep (cat#
15140-122, Gibeo), Leaf purified Anti-human CD3 {cat# BLG-317315, BioLegend), Recombinant
human I1-2 {cat# 589106, Biolegend), anti-4-1BB antibody (cat# BLG-106109), anti-IgG antibody
{cat# BL(G-402012).



v

10

2
<

WO 2020/012486 PCT/IL2019/050783

121
Methods - Human PBMCs were isolated from healthy donor peripheral blood using Ficoll-

Paque method (Grienvic et al. 2016, Biopreserv Biobank. 14(5):410-415). Following, the cells
were cultured for 7 days with addition of different concentrations of the various His-tagged SIRPo-
4-1BBL proteins, o the presence of sub-optimal concentrations of anti-CD3 (30 ng / ml) or IL-2
{1000 U/ ml) or anti-CD3 plus [L-2. Proliferation of PBMCs was determined by The IncuCyte®
53 Live-Cell Analysis System (IncuCyte) according to the manufacturer’s protocol. Cells were
tested for 4-1BB surface expression at day 0 and day 3 of the experiment by flow cytometry.

Results — Incubation of PBMCs with N-terminal his-tagged DSP107, C-terminal his-tagged

DSP107 V1 and C-terminal his-tagged DSP107 V2 increased cells confluency, which indicates
higher proliferation rates, of cells stimulated with anti-CD3 antibody, with or without the addition
of IL-2 {(Figure 11}. An optimum induction was obtained at a concentration of 0.01 ug/ ml of all
tested SIRPu-4-1BBL fusion proteins. Thus, binding of N-terminal his-tagged C-terminal his-
tagged DSP107, C-terminal his-tagged DSP107 V1 and C-terminal his-tagged DSP107 V2
enabled 4-1BBL/4-1BB-mediated co-stimulation and induction of T cells proliferation. These
results are in correlation with induced 4-1BB expression, following stimulation with anti CD3 with
or without IL-2 (Figure 12).

In a following set up, the effect of DSP107 V2 (SEQ ID NO: 13) on human PBMC and T

cells proliferation was evaluated as follows:

Materials - DSP107 V2 (SEQ ID NO: 13), produced as described in Example 2
hereinabove.

Ficoll-Paque (cat# 17-1440-03, GE Healthcare), RPMI 1640 (cat# 01-100-1A, Biological
industries), FBS (cat# 12657-029, Gibeo), L-Glutamine (cat# 25030-024, Gibco), Pen Strep {(cat#
15140-122, Gibco), Recombinant human IL-2 (cat# 589106, Biolegend), anti-CD3/CDZ8
activating Dynabeads, EasySep Direct Human T-cell Isolation kit (STEMCELL Technologies),
Cell Proliferation Dye (CPD, e-Biosciences, cat# 65-0842-85), His tagged-CDM47 recombinant
protein {ACRO Biosystem, catff CD7-HS227).

Methods - Human PBMCs were isolated from healthy donor peripheral blood using Ficoll-

Paque method (Grienvic et al. 2016, Biopresery Biobank. 14(5).410-415). Following, for Incucyte
analysis, 96-wells, flat-bottom plates were coated with Poly-L-Ornithine (0.01 %, 50 ul,
incubated for 1 hour at 37 °C) to allow PBMC cell adherence. PBMCs were seeded (50,000 / well)
in the presence of thiL-2 (1000 U/ mL) and DSP107 V2 (0.33 ug/ ml). Plates were incubated
for Sdays at 37 °C in the IncuCyte machine. Phase screening images were taken every 3 hours
and cell density was analyzed using IncuCyte Live Cell Analysis System (Sartorius). For flow

cytometry analysis, T-cells were isolated from PBMCs by negative selection magnetic beads
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{EasySep Direct Human T-cell Isolation kit, STEMCELL Technologies) and stained with Cell

Proliferation Dye (CPD), according to manufacturer’s instructions. Stained T-cells were cultured
for 3 or 5 days in 96-wells plates, or following pre-coating of the plates with His tagged-(CD47
recomubinant protein (2 ug / mL, for 3 hours at 37 °C), in the presence of sub-optimal
concentrations of human anti-CD3/CD2Z8 Diynabeads T-cell activator (1 : 10 bead per T-cell) and
DSP107 V2 (0.3-3 ug/mL). Following, CD3" T cells were analyzed by flow cytometry for CPD
fevels.

Results — DSP107 V2 (SEQ ID NO: 13) augmented the proliferation of freshly isolated
human PBMCs induced by 11.-2, as determined by phase images analysis captured by the Incucyte
software. Specifically, cell density dramatically increased following 5 days of incubation of
PBMCs with IL-2 (1000 U/mlL) and 1.6 oM (0.33 pg/mbL) DSP107 V2, as compared to PBMCs
treated with IL-2 only. Representative images are shown in Figure 28, Similarly, DSP107 V2
{SEQ 1D NO: 13} significantly enhanced proliferation by 16-35 %, p <0.0025) of CPD-statned T-
cells induced by a sub-optimal level of anti-CD3/CD28 Dynabeads in the presence of plate-bound
D47, as determained by flow cytometry (Figure 29},

The effect of the produced SIRPu-4-1BBL fusion proteins on expression of T cells
activation markers was evaluated as follows:

Materials - DSP107 V2 (SEQ ID NO: 13), produced as described in Example 2

hereinabove.

Ficoll-Paque (cat# 17-1440-03, GE Healthcare), RPMI 1640 {cat# 01-100-1A, Biological
industries), FBS (cat# 12657-029, Gibeo), L-Glutamine (cat# 25030-024, Gibco), Pen Strep (cat#
15140-122, Gibeo), Leaf purified Anti-human CD3 (cat# BLG-317315, Biolegend), anti-4-1BB
antibody (cat# BLG-106109), PE anti-CD25 antibody (Biolegend, cat# 302606}, FITC Anti-human
CD3 Ab (Biolegend, cat# 317310},

Methods - Human PBMCs were isolated from peripheral blood of healthy donors using
standard Ficoll gradient method, according to manufacture instructions. 96-wells plates were pre-
coated with anti-human CD3 antibody (0.5 ng / mL), by incubation for three hours at 37 °C.
PBMCs from three donors were cultured in the anti-CD3 pre-coated plates (100,000 cells / well)
with different concentrations of DSP107 V2 (SEQ ID NOG: 13, 0-5 pg/ mL}, for 48 hours at 37 °C,
5 % C0,. Following incubation, gated CD3™ T cells were analyzed by flow cytometry for
expression of the activation markers CD25 and 4-1BB.

Results — expression of the CD2S and 4-1BB activation markers was induced on T cells by

anti-CD3, and was significantly enhanced by DSP107 V2 (SEQ ID NO: 13) in a dose dependent
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manner, in all three tested donors (Figure 27, 0.0012 <p < 0.041 for 4-1BB expression; 0.0039<p

< (.047 for CD25 expression}.

The effect of the produced SIRPwu-4-1BBL fusion proteins on T-cell mediated killing of
target cancer cells was evaluated as follows:

Materials and Methods - For Incucyte analysis, four ATCC cancer cell lines, SN1J423,

SNU387 and SNUA423 hepatoceliular carcinoma (HCC) and Ovear8 ovarian cancer cell line, were
transduced with IncuCyte Nuclight Red Lentivirus Reagent (EFla, Puro; 3TU/Cell} suitable for
transducing cells with a non-perturbing nuclear restricted red fluorescent label. Puromycin
selection (2 pug / mL} was applied to achieve stable cell lines. Nuc-red fluorescence and CD47
expression on the surface of the cancer cell lines were validated by flow cytometry prior to the
assay {data not shown). T-cells were isolated from peripheral blood samples of two healthy donors
using negative selection magnetic beads. Isolated T-cells were co-cultured with the different
cancer cell lines at an Effector to Tumor ratic (E : T) of 5 . 1 and activated with a sub-optimal
concentration of anti-CD3/CD2Z8 dynabeads (1 : 10 beads per cells) and DSP107 V2 (SEQ ID
NO: 13), produced as described in Example 2 hereinabove (0.11, 0.33 and 1 ug/ mb). IncuCyte
green fluorescence Caspase 3/7 substrate reagent was added to the co-culture to mark apoptotic
cells. Cells were incubated for § days in the Incucyte machine. Phase, green and red fluorescent
images were recorded every 1.5 hours, and the overlapping green and red fluorescence ("yellow")
signals were quantified as apoptotic cancer cell signals.
For flow cytometry analysis of apoptotic CFSE-labelled tumor cells, PBMCs were 1solated from
the peripheral blood of a healthy donor and expanded using anti-CD3 and IL-2 for 11 days.
Mesothelioma cancer cell lines MSTO and H2052 (ATCC) were stained with CFSE according to
protocol. Expanded PBMCs and stained cancer cells were co-cultured at several E © T ratios, in
the presence of 0.1 pg/ mb or 1 ug/ mL of DSPI07 V2 (SEQ 1D NO: 13), produced as described
in Example 2 hereinabove. Live CFSE labeled cancer cells were analyzed by flow cytometry
following detachment with trypsin.

Results -DSP107 V2 enhanced the killing of hepatocellular, ovarian and mesothelioma
cancer cell lines, mediated by T-cells (Figures 30A-D and 31A-B).

Specifically, Incucyte analysis demonstrated that co-culture of hepatoceltular and ovarian
cancer cell lines in the presence of T cells, activated with a sub-optimal concentration of anti-
CD3/CD28 Dynabeads, resulted in killing of the cancer cells; and addition of DSP107 V2
enhanced the T-cell mediated killing of SNU387, SNU423 and Ovcar8 cells by 49 %, 27 % and

23 % respectively (Figures 30A-C). No killing was observed following incubation of these cancer
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cell lines with DSP107 V2 alone (Figures 30A-C), supporting no direct cytotoxic effect on cancer

cell lines in the absence of T-cells.
Flow cytometry analysis demonstrated that co-culture of CFSE-labeled mesothelioma cancer
cell lines with T-cells, at various E : T ratios, resulted in cancer cell killing that was enhanced 1o
the presence of DSP107 V2 {(up to 52 % cell death was induced by DSP107 V2, as compared to
no death in the absence of DSPI07 V2 at B Tratios 1: 1 -1 : 5, Figures 31A-B). Simiarly to
hepatocellular and ovarian cancer cell lines, no killing of CFSE-labeled mescthelioma cancer cell

lines was observed tollowing incubation with DSP107 V2, in the absence of T-cells.

EXAMPLE S
THE EFFECT OF THE SIRPo-4-1BBL VARIANTS ON BLOCKING CD47 BINDING

The SIRPw part of SIRPu-4-1BBL is designed to block the “don’t eat me signal” by
biocking the interaction of endogenous SIRPo expressed on antigen presenting cells (APCs) with
CD47 expressed on tumor cells.

To this end, the effect of the produced SIRPu-4-1BBL fusion proteins as blockers to this
interaction was evaluated.

Materials - N-terminal his-tagged DSP107 (SEQ 1ID NO: 44); C-ternunal his-tagged
DSPI07 (SEQ 1D NG: 13, DSPI107 V1 (SEQ ID NO: 12, DSPI07 V2 (SEQ ID NO: 14) and
DSP107 V3.1 (SEQ ID NO: 17), and DSP107 VZ (SEQ ID NO: 13), produced as described n
Example 2 hereinabove.

Recombinant human CD47 (Acrobiosystems, CD7-H5227), anti hCD47 neutralizing ab
(Novus, AF4670), Biotinylated SIRPa {Acrobiosystems, CDA-HS2F2).

Methods -ELISA plates were coated overnight with recombinant human CD47. The plates
were washed and incubated for 1 hour with different concentrations of the produced SIRPo-4-
IBBL fusion proteins or a positive control anti CD47 antibody. Following, a biotinylated SIRPy
was added; and following 1 hour incubation the plates were washed and blotted with Streptavidin-
HRP and TMB substrate according to a standard ELISA protocol (Figure 13A). Plates were
analyzed using a Plate reader (Thermo Scientific, Multiscan FC) at 450 nm, with reference at 620
am.

Results — All tested SIRPu-4-1BBL fusion proteins efficiently blocked the interaction of
SIRPa with CB47, similarly to the positive control blocking antibody (Figure 13B). ECSO values

were in the range of 0.075-0.238 pug / ml (Figure 13C).
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EXAMPLE 9

THE EFFECT OF THE SIRPo-4-1BBL VARIANTS ON MACROPHAGES AND
POLYMORPHONUCLEAR CELLS

As mentioned, the SIRPg part of the SIRPu-4-1BBL fusion protein is designed to block
the “don’t eat me” signal” induced by CD47 expressing tumor cells, towards the endogenous SIRPa
expressed on APCs such as macrophages and granulocytes, by competing and blocking the
interaction of CD47 on tumor cells with the endogenous SIRPa. This blockage of the “don’t eat
me” signal induces tumor cells phagocytosis.

To this end, the effect of the produced SIRPa-~4-1BBL fusion proteins on phagocytosis of
tumor cells by human macrophages or polymorphonuclear cells (PMNs) was evaluated using a tflow
cytometry-based assay or fluorescent microscopy.

Muaterials - N-terminal his-tagged DSP107 (SEQ ID NO: 1), C-terminal his-tagged
DSPI0T7 V1 (SEQ 1D NG 12, DSP107 V2 (SEQ ID NG: 14) and DSP107 V3.1 (SEQ 1D NO:
17y, and DSP107 V2 (SEQ ID NO: 13) produced as described in Example 2 hereinabove.

Human cancer cell lines Ramos (Lymphoma), DLD-1 (colon carcinoma), Daudi,
SUDHLS, SUDHL4, U2932, SUDHL2, SUDHL6, SUDHL10, DUDHI4 and OCLLY3
{(Lymphomas).

Methods — Polymorphonuclear cells (PMNs) and PBMCs were isolated from blood
samples of healthy volunteers by density gradient centrifugation, followed by ammonium chloride
fysis of erythrocytes.

For the PMNs assay, Ramos and DLD-1 cancer cells were labelled with Vybrant DiD and
mixed with isolated PMINs at an effector-to-target ratio of 1:1. Mixed cultures were treated for 2
hours with the produced SIRPo-4-1BBL fusion protein, alone or in combination with therapeutic
antibodies rituximab (RTX; anti-CD20) or cetuximab (CTX; anti-EGFR); or for 18 hours with the
produced SIRPa-4-1BBL fusion proteins only. Following, phagocytosis of cancer cells by PMNs
was analyzed by flow cytometry.

For the macrophages assay, monocytes were further enriched from the isclated PBMCs by
MACS sorting using CD14 magnetic MicroBeads (Miltenyt Biotec).  Monocytes were
differentiated into macrophages (MO) in RPMI 1640 culture medium + 10 % FCS supplemented
with GM-CSF (50 ng / ml} and M-CSF (50 ng / ml) for 7 days. To generate tvpe | macrophages
(M1), MO cells were primed by LPS and IFN-y for additional 24 hours. Alternatively, to generate
type 2 macrophages (M2} MO cells were incubated with 100 ng / mL IL-4 for 24 hours. SUDHLS,
SUDHLA, OCI-LY3, SUDHL2, SUDHLo6, SUBHL10, SC-1, Ramos and Daudi cancer cells were

iabelied with V450 cytoplasmic dye and mixed with the isolated and in vifro-difterentiated type 1
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macrophages (M1} at effector-to-target ratio of 1:1 or 1:5. Mixed cultures were treated with the

produced SIRPo-4-1BBL fusion proteins for 2-2.5 hours, alone or in combination with RTX,
Trastuzumab or CTX. Following incubation, tumor celis that were not engulfed were washed out
and the macrophages were stained with anti-CD11b AF 594 Ab. Phagocytosis of cancer cells by
macrophages was analyzed by fluorescent microscopy. In other experiments, phagocytosis was
evaluated by Incucyte as follows: Tumor cells from various lymphoma cell lines were pre-stained
with CFSE and macrophages were pre-stained with IncuCyte Cytolight red cytoplasmic dye
according to the manufacturer’s protocol. Stained tumor cells and macrophages were co-cultured
at a 1.5 macrophage to tumor cell ratio, and phase red and green images were taken by Incucyte.
Phagocytosis was quantified as the proportion of macrophages positive for tumor cell engulfiment
{“vellow” signal) out of the total macrophages (red signal).

Results - All tested His-tagged SIRPa-4-1BBL fusion proteins enhanced PMNs-mediated
phagocytosis of Ramos and DLD1 cancer cells following 2 hours of incubation in combination with
the therapeutic antibodies Rituximab (RTX) or Cetuximab (CTX) (Figure 14A)  Further
enhancement of PMN mediated phagocytosis of Ramos and DLD1T cancer cells was demonstrated
following 18 hours of incubation (Figure 14B).

In addition, all tested His-tagged SIRPu-4-1BBL fusion proteins augmented macrophages-
mediated phagocytosis of SUDHL4, SUDHLS and Oci-Ly3 lymphoma cell lines following 2 hours
of incubation, which was further enhanced when combined with Rituximab (RTX) (Figure 15}, In
addition, C-terminal his-tagged DSP107 V2 (SEQ ID NO: 14) augmented macrophages mediated
phagocytosis of SUDHLA4 following 2 hours of incubation, in a dose depended manner (Figure 16).

Further, Rituximab-induced phagocytosis of tumor cells by M1 macrophages was
enhanced following incubation with 2.5 pg /ml DSP107 V2 (SEQ ID NO: 13) (Figure 32A).
DSP107 V2 also increased the number of Ramos cells engulfed by each macrophage (Figure 32B).

A wide panel of lymphoma cell lines were then tested using the Incucyte imaging system.
M1 macrophage-mediated phagocytosis of cancer cell lines was observed following incubation of
the M1 macrophages with the cancer cells and 2.1 pg / ml DSP107 V2 as a single agent (Figure
32C). Anadditive phagocytic etfect was also observed when DSP107 V2 was used in combination
with rituximab, compared to the effect induced by rituximab as a single agent (Figure 32D).

Interestingly, DSPI107 V2 (SEQ ID NO: 13) also enhanced the phagocytosis induced by
M0 and M2 macrophages, both as a single agent and tn combination with rituximab, however to a
less  extend then that observed for M1 macrophages (data not  shown).
In similar experiments with BLD-1 colon carcinoma cells, significantly more DLD-1 cells were

phagocytosed by macrophages with DSP107 V2 single agent treatment (2.1 pg/ mL}) compared to
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medium control (Figure 32E}. Further, a combination therapy of DSP107 V2 and trastuzumab (an

anti-Her2 antibody) clearly demoustrated augmentation of tumor cell phagocytosis compared to

trastuzumab treatment as a single agent (Figure 32E).

EXAMPLE 10
THE EFFECT OF THE SIRPg-4-1BBL VARIANTS ON GRANULOCYTE CELLS

Materials and methods ~ Leukocytes were isolated from peripheral blood of healthy donors
using standard procedure. Tumor cells were pre-stained with CFSE (Thermo Fisher) or Vybrant
InD Celi-Labeling Solution (Thermo Fisher) according to the manufacturer’s protocol. Isclated
leukocytes and stained tumor cells were mixed at a 1:1 leukocyte to tumor cell ratio, and incubated
in the presence of DSP107 V2 (SEQ 1D NO: 13}, with or without therapeutic antibody rituximab
(1 pg/ mL) Uptake of tumor cells by granulocytes was subsequently evaluated by flow cytometry,
quantitying the Vybrant DiD-positive granulocyte population. To evaluate phagocytosis of
carcinoma cell lines, DLD-1 colon carcinoma cells were stained with CFSE and co-cultured with
macrophages at a macrophage © tumor cell ratio of 1.5 for 2 hours, in the presence of either
DSP107_ V2 (SEQ ID NO: 13), or trastuzumab (anti Human Epidermal Growth Factor Receptor
2 {HER2) Ab; 0.1 ug/mL), or a combination of DSP107 V2 and trastuzumab. After incubation,
cells were detached from the plate using Trypsin/ EDTA solution, macrophages were stained using
CD11b-APC Ab and samples were analyzed by FACS. The effect of DSP107 V2 (SEQ ID NO:
13} on the uptake of tumor cells by granulocytes was also compared to His-tagged SIRPo or
soluble 4-1BBL or combination of both.

Results - The effect of DSP107_V2 and the combination of soluble His-tagged SIRPa plus
soluble 4-1BBL, on granulocyte-mediated tumor cell phagocytosis was further evaluated on
multiple lymphoma cell lines. Phagocytosis following incubation with DSPI0O7 V2 or the
combination of its soluble components was tested as a single agent and compared to culture
medium.  Tumor cell phagocytosis was also tested with rituximab as a single agent and 1o
combination with DSP107 V2 or the combination of 1ts soluble components. Following 2.5 hours
of incubation with 2.1 ng/ ml DSP107 V2, gramulocyte-mediated phagocytosis of lymphoma cells
was stimulated by DSP107 V2 but not by the combination of soluble SIRPa and soluble 4-1BBL
(Figure 33B). Rituximab also demonstrated a strong single agent stimulation of granulocyte-
mediated tumor cell phagocytosis. This effect was enbanced tn combination with DSP107 V2 but

not in combination with the mixture of soluble SIRPa and soluble 4-1BBL (Figures 33B-F).
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EXAMPLE 11

THE IN-VIVO ANTE-TUMOR EFFECT OF THE SIRPo-4-1BBL VARIANTS

Four different in-vive mouse models are used for testing the efficacy of the produced
SIRPa-4~-1BBL fusion proteins in treating cancer:

1. MNude-SCID mice inoculated with human tumor cells. In this model, the SIRPg-4-
IBBL fusion protein interacts with mouse and human CD47 (expressed on the tumor cells) and the
effect of the fusion protein on mouse macrophages activity is tested.

2. NSG mice inoculated with human stem cells and human tumor cells. In this model,
the SIRPo-4-1BBL fusion protetn interacts with mouse and human CD47 {expressed on the tumor
and the immune cells) and with 4-1BB on human T cells. The effect of the fusion protein on mouse
and human macrophages, as well as human T cells, is tested.

3. CS7BL/6 — human-4-1BB knock-in mice inoculated with MC38 mouse colon
carcinoma or other cancer cell line or with cancer cell line overexpressing the human CD47. In this
model, the mouse 4-1BB extracellular domain is replaced by that of a human 4-1BB. Hence, the
SIRPu-4-1BBL fusion protein can interact with the human 4-1BB expressed on mouse T cells. The
fusion protein interacts with mouse and human CD47 on the tumor cells. The effect of the fusion
protein on mouse macrophages, as well as mouse T cells, 1s tested.

4. Syngeneic mouse tumor models that express mouse CP47. In these models, the
SIRPo-4-1BBL fusion protein interacts with mouse CD47 on the tumor cells. The etfect of the
fusion protein on mouse macrophages is tested.

Methods —

In all four models, mice are inoculated with fumor cells intravenously (IV},
intraperitoneally (IP), subcutaneously (SC) or orthotopically. Once the tumor is palpable (~80
mm’), mice are treated IV, IP, SC or orthotopically, with different doses and different regimens of
the SIRPo-4-1BBL fusion proteins; e.g. N-terminal his-tagged (SEQ 1D NO: 44), C-terminal his-
tagged DSP107 (SEQ ID NG: 1), C-terminal his-tagged DSP107 VI (SEQ D NO: 12), C-ternunal
his-tagged DSP107 V2 (SEQ ID NO: 14) and C-terminal his-tagged DSP107 V3.1 (SEQ ID NO:
17}, produced as described in Example 1 hereinabove.

Mice are followed for weights and clinical signs. Tumors are measured few times a week
by caliper, tumor volume is calculated according to the following equation: V = length X width? /
2. Mice Weight is measured routinely. Tumor growth and survival are monitored through the whole
experiment.

Infiltration of immune cells into the tumor s tested by resecting the tumor or draining

fymph nodes, digestion and immune phenotyping using specific antibodies staining and flow
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cytometry analysis. Additionally, or alternatively, infiltration of immune cells or necrotic grade of

tumors is determined by resecting the tumors, paraftin embedding and sectioning for
immunohistochemistry staining with specific antibodies.

At sacrificing, mice organs are harvested and erabedded into paraffin blocks for H&E and
THC staining.

Blood samples are taken from mice at different time points, according to common
procedures, for the foliowing tests: PK analysis, cytokines measurements in plasma, FACS
profiling of blood cells sub-populations in circulation, hematology testing, serum chemistry testing,

anti-drug-antibody (ADA) analysis and neutralizing anttbodies analysis (NAB).

EXAMPLE 12
THE IN-VIVO ANTEI-TUMOR EFFECT OF THE SIRPe-4-1BBL VARIANTS, USING A
HUMAN 4-1BB KNOCK IN MOUSE MODEL

I order to test the effect of the SIRPa-4-1BBL variants fusion proteins in mice, 3 human 4-
1BB (h4-1BB) koock-in mice (CSTBL/6 background) was utilized. Human CD47-expressing
MC38 (hCD47 MC38) cells were selected as the tumor model. Of note, it has been shown that
SIRPa in CS7BL/6 mice does not tnteract with human CB47 [Yamauchi, T, et al., (2013) Blood,
121(8): p. 1316-25] and therefore no phagocytosis of hCD47 MC38 cells by native phagocytes
could occur in this model. In addition, the binding of DSP107 to murine WT MC38 colon
carcinoma cells was compared to that of human DLD1 colon carcinoma cells using flow
cytometric analysis (Figure 34). Based on the low binding of DSP107 to murine M(C38, hCD47
MC38 cells were selected for the in vivo efficacy study. Consequently, the SIRPo arm of the
SIRPa-4-1BBL vanants fusion proteins was expected to target the tumor cells expressing human
D47, but not to have any effect on promoting tumor cell phagocytosis in this model.

Masterials and methods - Female h4-1BB knock-in C57BL/6 mice, 8-9 weeks old (Crown
Bioscience) were inoculated subcutaneously with 1 x 10° hCD47 M(C38 cells (Crown Bioscience).
Treatment was initiated once tumors reached a size of 60-100 mm®  Following random
assignment, six animals per group received intraperitoneal (IP) injections of either DSP107 V2
(SEQ ID NQO: 13; 250 ug/injection; 12.5 mg / kg}, administered once daily on days 0, 1, 2, 3 and
4, or anti-murine PD-L1 Ab (clone 10F 9G2, Bioxcell; 60 pg/injection), administered IP biweekly
for 3 weeks, or a combination of DSP107 V2 (SEQ ID NO: 13) and anti-murine PD-L1 Ab.
Control mice were injected with 200 ul of Phosphate-Buttered Saline (PBS). DSPI107 V2 was
administrated only during the first week of the experiment to avoid potential development of

mouse-anti-human antibodies. Tumor volume was determined three times a week using a caliper,
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and the individual volumes were calculated by the formula: V={({width]2 x length)/2. Mice were

sacrificed individually once tumors reached a volume of 3000 mm’.

Results - Treatment with anti PD-L1 or DSP107 V2 (SEQ D NO: 13) as a single agent inhibited
tumor growth (50,4 % and 29.5 %, respectively, Figure 35A). The percentage of Tumor Growth
Inhibition {TGT) was further enhanced when PD-L1 or DSP107 V2 were combined (83 %, p =
0.02 compared to vebicle-treated control). In addition, based on Mental cox analysis, combined
treatment with DSP107 V2 and anti PD-L1 resulted in a statistically significant improvement in

survival compared to vehicle-treated, control mice {(p = 0.01; 35B).

EXAMPLE 13
THE IN-VIVO ANTE-DLBCL EFFECT OF THE S1RPe-4-1BBL VARIANTS, USING AN
NSG MOUSE MODEL
The effect of SIRPo-4-1BBL variants fusion proteins in the treatment of human DLBCL
tumors 7i#-vive in the context of human immune system was evaluated using NSG mice, inoculated
with SUDHLG human DLBCL cells and with human PBMCs. These mice were further treated
with a SIRPa-4-1BBL variants fusion protein as a single agent. Mice were followed for tumor
growth.
Materials and methods - 14 weeks old, female, NSG mice were inoculated 5.C. with 1 x 10°
SUDHLSG cells on day 0. On day 7, mice were randomiy assorted to the following two groups:
1. Five mice - PBMCs
2. Sixmice - PBMCs + DSP107 V2 (SEQ 1D NG: 13)
PBMCs were i1solated from peripheral blood of healthy donor using the standard Ficoll gradient
method according to manufacturer's instructions. On day 7 the mice were inoculated 1V, with
isolated PBMCs 1 x 10° cells per mouse. Frozen PBMCs from the same donors were used to re-
inject the mice on day 13 {1 x 10° cells per mouse). The mice from the DSP107 V2 group were
treated with 250 pg / mouse DSPI07 V2 (SEQ ID NO: 13) LP. day on, day off, for 2 weeks
starting on day 7. Mice were tfollowed for any clinical signs. Tumors were measured by micro
caliper. Tumor volume was calculated by the following equation: Length X Length X Width / 2.

Mice were sacrificed on day 22, tumors were removed and weighted.
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Results - Treatment with PBMCs and DSP107 V2 inhibited tumor growth by about 3.7

fold compared to control group, injected with PBMCs only, by day 20 (Figure 36A). Treatment
with PBMCs + DSP107 V2 significantly reduced tumor weight as determined following mice
sacrifice at day 22 (Figure 36B). Importantly, none of the treatruents affected mice weight,

suggesting no major side effect on mice health {data not shown).

Table 6: Average tumor volumes on days 13, 15 and 20

PBMCs +
e , DSPIO7 V2
Bay { Mice | PBM s (SEQ 1D NO:
13)
1 216,00 1352.00
2 26136 123625
3 0.00 196.02
13 4 174.60 1100.00
5 26460 110935
6 154 .80
AVG (18331 119140
1 27463 1104.10
2 283.08 110000
3 290.23 §329.60
15 4 28175 1198.83
R 32240 {25579
6 295.57
AVG {29042 1214.65
1 05962 {89540
2 1266.23 {336.68
3 75106 {1170
20 4 1231.22 {9.40
3 1666.00 {450.51
6 478.33
AVG {1174.83 1363.67

*Tumors were measured by micro caliper on days 13, 15 and 20, Tumor volumes were calculated, and
group average was calculated accordingly.

Although the invention has been described in conjunction with specific embodiments
thereof, it 1s evident that many alternatives, modifications and variations will be apparent to those
skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications and

variations that fall within the spirit and broad scope of the appended claims.
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All publications, patents and patent applications mentioned in this specification are herein

incorporated in their entirety by reference into the specification, to the same extent as if each
individual publication, patent or patent application was specifically and individually indicated to
be incorporated herein by reference. In addition, citation or wdentification of any reference in this
application shall not be construed as an admission that such reference is available as prior art to the
present invention. To the extent that section headings are used, they should not be construed as
necessarily limiting.

In addition, any priority document(s) of this application is/are hereby incorporated herein

by reference in its/their entirety.
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WHAT IS CLAIMED IS:

1. A SIRPa-4-1BBL fusion protein comprising a SIRPa amino acid sequence and a
4-1BBL amino acid sequence, wherein:

@) said SIRPa amino acid sequence is as set forth in SEQ ID NO: 2 and said 4-1BBL
amino acid sequence is as set forth in SEQ ID NO: 23;

(b) said SIRPa amino acid sequence is as set forth in SEQ ID NO: 24 and said 4-1BBL
amino acid sequence is as set forth in SEQ ID NO: 22; or

(©) said SIRPa amino acid sequence is as set forth in SEQ ID NO: 2 and said 4-1BBL
amino acid sequence is as set forth in SEQ ID NO: 22;

and

wherein said fusion protein is capable of at least one of:

(i) binding CD47 and 4-1BB;

(i) activating said 4-1BB signaling pathway in a T cell expressing said 4-1BB;

(i)  co-stimulating T cells expressing said 4-1BB; and/or

(iv)  enhancing phagocytosis of cancer cells expressing said CD47 by phagocytes
selected from the group consisting of macrophages and granulocytes compared to same in the
absence of said SIRPa-4-1BBL fusion protein.

2. The SIRPa-4-1BBL fusion protein of claim 1, wherein said SIRPa-4-1BBL
fusion protein amino acid sequence comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11, 13 and 16.

3. The SIRPa-4-1BBL fusion protein of claim 1, wherein said SIRPa-4-1BBL fusion
protein amino acid sequence consists of an amino acid sequence selected from the group consisting
of SEQ ID NO: 11, 13 and 16.

4. A polynucleotide encoding the SIRPa-4-1BBL fusion protein or the polypeptide of

any one of claims 1-3.

5. A host cell comprising the SIRPa-4-1BBL fusion protein or the polypeptide of any
one of claims 1-3 or the polynucleotide of claim 4.
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6. A method of producing a SIRPa-4-1BBL fusion protein or a polypeptide, the

method comprising expressing in a host cell the polynucleotide of claim 4.

7. Use of the SIRPa-4-1BBL fusion protein of any one of claims 1-3, the
polynucleotide of claim 4 or the host cell of claim 5, in the manufacture of a medicament for

treating cancer.

8. An in-vitro method of activating immune cells, the method comprising in-vitro
activating immune cells in the presence of the SIRPa-4-1BBL fusion protein or the isolated

polypeptide of any one of claims 1-3, the polynucleotide of claim 4 or the host cell of claim 5.



