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CHIMERAS OF SOLUBLE DR3 AND PRO-TACE DOMAIN AND USE THEREOF

CROSS REFERENCE

[001] This application claims the benefit of priority of Israel Patent Application No. 250799 filed

February 26, 2017, the contents of which are incorporated herein by reference in their entirety.

FIELD OF INVENTION

[002] The present invention is directed to, inter alia, chimeras and use thereof such as in the

treatment of autoimmune and/or inflammatory diseases.

BACKGROUND OF THE INVENTION

[003] TNF-like ligand 1A (TL1A) is a newly described member of the TNF superfamily that has
been shown to be involved in promoting a range of autoimmune diseases including IBD,
rheumatoid arthritis (RA), and asthma through the generation and activation of the type-1 T helper
cell (Tul) and type-17 T helper cell (Tul7). TL1A was shown to be expressed by endothelial cells,
lymphocytes and monocytes and its expression is enhanced in the intestinal tissues of patients with
IBD. TL1A is currently the only known ligand for death receptor 3 (DR3), which is predominantly
expressed by activated T cells and endothelial cells. The binding of TL1A to DR3 was shown to
boost the secretion of IFN-y from T cells by acting in synergy with IL-12 and IL-18 and thus direct

the immune response toward a Tul like response.

[004] International Patent Application Publication No. WO 2015/166486 provides DR3 variants
having increased binding affinity to TL1A, composition comprising same, and methods of use

thereof, including, but not limited to treatment of autoimmune and/or inflammatory disease.

[005] Dysregulated activity of A Disintegrin And Metalloproteinase 17 (ADAM17)/TNFa
Converting Enzyme (TACE) is associated with inflammatory disorders, cancer progression and
neurodegenerative disease by releasing regulatory membrane-tethered proteins like TNFa, IL6R
and EGFR ligands. TACE is biosynthesized as a zymogen, and activation requires the removal of
an inhibitory pro domain. It was previously demonstrated that the TACE pro-domain (pTACE) is
a stably folded protein capable of inhibiting the catalytic activity of TACE.

[006] International Patent Application Publication No. WO 2013/168164 provides a method of
treating an inflammatory disease, using a polypeptide comprising a pro-domain of TACE, the
polypeptide being devoid of a TACE catalytic domain and modified at a site selected from the

group consisting of R, R and K57 which renders said polypeptide resistant to furin degradation.
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[007] In recent years, the generation of bi-specific biological reagents that can simultaneously
target two factors focused on bi-specific antibodies. Bispecific antibodies were developed in a
variety of different formats, however, with many technical difficulties due to their complex nature.
Single chain variable region (scFv) modules were employed to force the assembly of binding
components into the desired configuration. Concerns with many of these formats include a
tendency to aggregate, difficulties in production, short serum half-lives, or potential of
immunogenicity. In addition, strategies for the generation of native antibody where the heavy chain
Fc-Fc interface is engineered with “knobs” and “holes” or electrostatic charges to actively promote

the formation of the desired heterodimers were developed.

[008] There is an unmet need for therapeutic compositions and methods capable of treating

autoimmune and/or inflammatory diseases.

SUMMARY OF THE INVENTION

[009] 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 invention pertains.
Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, 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.

[010] According to one aspect, there is provided a chimera comprising a first moiety and a second
moiety, said first moiety comprising an amino acid sequence having at least 90% identity to SEQ
ID NO: 2 or an analog, or a fragment thereof, wherein said amino acid sequence comprises at least
one amino acid substitution at a position selected from the group consisting of: H15, 118, E38, V47,
D51, W56, N61, A65, K93, Q101, Q104 and L129; and said second moiety comprises an amino
acid sequence having at least 90% identity to SEQ ID NO: 40 or an analog, or a fragment thereof,
wherein said amino acid sequence comprises at least one amino acid substitution at a position

selected from the group consisting of: R35, K36, R37.

[011] In some embodiments, the second moiety further comprises at least one amino acid

substitution at a position selected from the group consisting of: C163, R190, and R193.

[012] In some embodiments, the first moiety is capable of binding TL1A and inhibiting or

reducing at least one of TL1A mediated IFN-gamma secretion and TL1A mediated apoptosis.
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[013] In some embodiments, the second moiety is capable of inhibiting or reducing the catalytic

activity of TACE.

[014] In some embodiments, the first moiety comprises an amino acid sequence selected from the

group consisting of: SEQ ID NOs: 30-38.

[015] In some embodiments, the second moiety comprises an amino acid sequence selected from

the group consisting of: SEQ ID NOs: 41-46.

[016] In some embodiments, the second moiety and said first moiety are attached via a first

peptide linker.

[017] In some embodiments, the first peptide linker comprises an amino acid sequence selected
from SEQ ID NO: 3 (HHHHHH), SEQ ID NO: 4 (GPQGIAGQHHHHHHDY), and SEQ ID NO:
5 (IEGRMDRS).

[018] In some embodiments, the chimera further comprising a third moiety capable of facilitating
homodimerization of the chimera. In some embodiments, the third moiety comprises a peptide of
the fragment crystallizable (Fc) region of an antibody. In some embodiments, the peptide of the Fc

region of an antibody comprises the amino acid sequence as set forth in SEQ ID NO: 6.

[019] In some embodiments, the third moiety is attached to any one of said first moiety and said
second moiety via a second peptide linker. In some embodiments, the second peptide linker

comprises the amino acid sequence of SEQ ID NO: 5 (IEGRMDRS).

[020] In some embodiments, the chimera comprises an amino acid sequence having at least 90%

identity to an amino acid sequence selected from the group consisting of: SEQ ID NOs: 8-29.
[021] In some embodiments, the chimera is capable of binding at least one of: TL1A and TACE.

[022] In some embodiments, the invention provides a pharmaceutical composition comprising

any of the chimeras of the invention, and a pharmaceutically acceptable carrier.

[023] In another aspect, the invention provides a polynucleotide molecule encoding any of the

chimeras of the invention.

[024] In another aspect, the invention provides an expression vector comprising the

polynucleotide molecule of the invention.
[025] In another aspect, there is provided a cell comprising the expression vector of the invention.

[026] In another aspect, the invention provides the expression vector of and a carrier.
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[027] According to another aspect, there is provided a method for treating, ameliorating, reducing
and/or preventing inflammation, an immune response, or both in a subject in need thereof, the

method comprising administering to the subject any one of:
(1) the chimera of the present invention;
(i1) the pharmaceutical composition comprising said and a carrier;

(ii1) the expression vector comprising the polynucleotide molecule encoding any of

the chimeras of the invention; and
(iv) the composition of claim comprising said expression vector and a carrier,

thereby treating, ameliorating, reducing and/or preventing inflammation, an immune response, or

both, in said subject.

[028] In some embodiments, the subject is afflicted with a chronic inflammatory disease. In some

embodiments, the subject is afflicted with an inflammatory bowel disease.

[029] According to another aspect, the invention provides any of the chimera of the invention, a
pharmaceutical composition comprising same, the expression vector of the invention, or a
composition comprising same of the invention for use in the treatment, amelioration, reduction

and/or prevention of inflammation in a subject in need thereof.

[030] In one embodiment, the chimera is for treating a chronic inflammatory disease. In one

embodiment, the chimera is for treating an inflammatory bowel disease.

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

description.

BRIEF DESCRIPTION OF THE DRAWINGS

[032] Fig. 1A is a schematic representation of the bi-specific DR3-pTACE inhibitor targeting
TL1A and TACE;

[033] Fig. 1B shows an immunoblot of human Fc demonstrating expression of Al and A2 in

HEK?293F cells;
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[034] Fig. 1C shows an immunoblot of DR3 demonstrating expression of Al and A2 in HEK293F

cells;

[035] Fig. 1D is a bar graph showing binding of the bi-specific A2 to immobilized TL1A

following expression in HEK293F mammalian cell line as analyzed by ELISA analysis;
[036] Fig. 1E shows a Coomassie blue staining of A2;

[037] Fig 2A is a bar graph comparing the binding of the chimera (A2) and TL1A to the binding
of the mono-specific H3 protein and TL1A;

[038] Fig. 2B is a bar graph demonstrating the inhibition of TACE by the chimera (A2) compared
to the inhibition of TACE by the mono-specific proTACE inhibitor;

[039] Fig. 3 is a bar graph demonstrating a similar inhibition level of TNF-a release from

macrophages following incubation with A2 and the mono-specific proTACE inhibitor;

[040] Fig. 4A is a graph showing TL1A-induced secretion of IFN-y in human CD4+ cells
incubated for 24 hours with 100 ng/ml TL1A, 2 ng/ml IL-12 and 50 ng/ml IL-18 and soluble DR3
variant having SEQ ID NO: 2 ('H3") compared to soluble DR3 WT;

[041] Fig. 4B is a bar graph showing inhibition of TL1A-induced secretion of IFN-y in human
PBL by increased concentration of A2 and H3;

[042] Fig. 4C is a bar graph showing inhibition of TL1A-induced apoptosis in TF-1 cells by

increased concentration of A2 and H3;

[043] Fig. S is a bar graph showing that TL1A-induced apoptosis in TF-1 cells is not inhibited by
pTACE. Cells were inoculated for six hours with 8 pg/ml cyclohexamide (CHX) and 75 ng/ml
TL1A and the indicated concentration of pTACE;

[044] Fig. 6A shows flow cytometry histogram analysis of gated TF-1 cell population incubated
with A2, H3 and antibody control, binding to the cell membrane was analyzed following incubation

with allophycocyanin (APC) fluorescent anti-human Fc;

[045] Fig. 6B shows flow cytometry histogram analysis of TF-1 cell population incubated with
100 nM A2 in the presence or absence of 15 pM pTACE inhibitor that lacks an Fc region, a decrease
in cell labeled population observed in the presence of pTACE indicates that A2 binds cells through

endogenous membrane TACE;

[046] Fig. 6C shows dot plot analysis of TF-1 cell population incubated with A2 (left),
A2+pTACE (middle) and antibody control (without the addition of the A2 or H3, right). A
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decreased in the gated population of the A24+pTACE labeled cells from 33.3% to 15% indicates
that pTACE compete with the A2 for TF-1 cell binding.

[047] Fig. 7A is an exemplary model for TL1A inhibition by the mono-specific soluble DR3-Fc
(sDR3) demonstrating that binding of sDR3 to TL1A in a solution may lead to depletion of free

TL1A due to a competition with the endogenous DR3 membrane receptor (A);

[048] Fig. 7B is an exemplary model for TL1A inhibition by the A2 bi-specific sDR3-Ptace
(sDR3-pTACE), demonstrating that the SDR3-pTACE bound to cell surface TACE located on the

cell membrane leading to a high local concentration of the inhibitor on the cell membrane;

[049] Fig. 8A is a bar graph showing that the H3 and O6 mutants of DR3 are more potent in
inhibiting TL1A-induced secretion of interferon gamma (IFN-y values presented here were

calculated according to IFN-y calibration curve in human CD4+); and

[050] Fig. 8B is a bar graph showing that H3 and O6 mutants are more potent in inhibiting TL1A-

induced apoptosis in TF-1 cells.

DETAILED DESCRIPTION OF THE INVENTION

[051] The present invention provides a chimera comprising an sSDR3 mutant ('first moiety') and a
pTACE domain ('second moiety') and compositions comprising same. In some embodiments, the
chimera further comprises an Fc region of an antibody (‘third moiety'). The invention further

provides methods of treatment using said chimera.

[052] Without wishing to be bound by any theory or mechanism of action, the chimeras of the
invention simultaneously inhibit TL1A mediated IFN-y secretion and TACE catalytic activity.
Advantageously, the chimeras of the invention reduce, ameliorate, and/or inhibit inflammation. In
some embodiments, the inflammation is an autoimmune inflammatory disease. In some

embodiments, the inflammation is inflammatory bowel disease.

[053] The present invention is based, in part, on the surprising finding that a chimera comprising
an sDR3 mutant, a pTACE domain, and optionally a human IgG: Fc region is capable of targeting

cells at sites of inflammation and inhibit immunological signals that drive inflammation.

[054] As exemplified in the example section below, the chimera described herein simultaneously
inhibits TACE catalytic activity and binds TL1A to inhibit TLT1A induced IFN-y secretion. As
further exemplified herein below, the chimera of the invention demonstrated strong synergistic
effect of up to ~80 fold in inhibiting TL1A induced cytokine secretion from T cells or apoptosis in

TF-1 cell line.
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[055] Without wishing to be bound to any mechanism of action, the pTACE domain was further
shown to facilitate cell surface binding of the chimera which leads to increased concentration of

the chimera on the cell membrane, e.g., on cells expressing membrane TACE.

[056] In some embodiments, the chimeras of the invention are capable of binding TL1A. In some
embodiments, the chimeras of the invention have increased affinity for binding TL1A compared to
WT DR3. In some embodiments, the binding affinity towards TL1A is increased by at least a 1.5-
fold, at least a 2-fold, at least a 2.5-fold, at least a 3-fold, at least a 3.5-fold, at least a 4-fold, at least
a 4.5-fold, at least a 5-fold, at Ieast a 5.5-fold, at least a 6-fold, at least a 6.5-fold, at least a 7-fold,
at least a 7.5-fold, at Ieast a 8-fold, at least a 8.5-fold, at Ieast a 9-fold, at least a 9.5-fold, or at Ieast
a 10-fold compared to DR3 wild-type (WT) binging affinity. Each possibility represents a separate

embodiment of the present invention.

[057] In some embodiments, the chimeras of the invention have increased potency compared to
DR3 WT in inhibiting TL1A induced secretion of IFN-y. In some embodiment, the chimeras of the
invention have at least a 1.5-fold, at least a 2-fold, at least a 2.5-fold, at least a 3-fold, at least a 3.5-
fold, at least a 4-fold, at least a 4.5-fold, at least a 5-fold, at least a 5.5-fold, at least a 6-fold, at least
a 6.5-fold, at least a 7-fold, at Ieast a 7.5-fold, at least a 8-fold, at least a 8.5-fold, at least a 9-fold,
at least a 9.5-fold, at least a 10-fold, at least a 15-fold, at least a 20-fold, at least a 25-fold, at least
a 30-fold, at least a 35-fold, at Ieast a 40-fold, at Ieast a 45-fold, at least a 50-fold, at least a 60-fold,
at least a 65-fold, at least a 70-fold, at least a 75-fold, at least a 80-fold, at least a 95-fold, or at least
a 100-fold increase in the potency compared to DR3 WT. Each possibility represents a separate

embodiment of the present invention.

[058] In some embodiments, the chimeras of the invention have increased potency compared to
the sDR3 mutant in inhibiting TL1A induced secretion of IFN-y. In some embodiment, the
chimeras of the invention have at least a least a 1.5-fold, at least a 2-fold, at least a 2.5-fold, at least
a 3-fold, at least a 3.5-fold, at Ieast a 4-fold, at least a 4.5-fold, at least a 5-fold, at Ieast a 5.5-fold,
at least a 6-fold, at least a 6.5-fold, at least a 7-fold, at least a 7.5-fold, at least a 8-fold, at least a
8.5-fold, at least a 9-fold, at least a 9.5-fold, or at least a 10-fold increase in the potency compared
to the sDR3 mutant of the invention. Each possibility represents a separate embodiment of the

present invention.
[059] In some embodiments, the chimeras of the invention inhibit TACE catalytic activity.

[060] In some embodiments, the chimeras of the invention are localized to the target cell

membrane, such as cell expressing membrane TACE.
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Chimeras

[061] According to some aspects, the invention provides a chimera comprising a first moiety and
a second moiety, said first moiety comprises an sDR3 mutant, and said second moiety comprises

pTACE.

[062] In some embodiments, the second moiety is contiguous to the C-terminus and/or the N-
terminus of the first moiety. In some embodiments, the second moiety is attached to the first moiety
via a covalent bond. In some embodiments, the second moiety is attached to the first moiety via a
peptide bond. In some embodiments, the second moiety is attached to the first moiety via a linker.
In some embodiments, the linker has a length of no more than 20 amino acids, no more than 19
amino acids, no more than 18 amino acids, no more than 17 amino acids, no more than 16 amino
acids, no more than 15 amino acids, no more than 14 amino acids, no more than 13 amino acids or
no more than 12 amino acids, no more than 11 amino acids, no more than 10 amino acids, no more
than 9 amino acids, no more than 8 amino acids, no more than 7 amino acids, no more than 6 amino
acids, no more than 5 amino acids, no more than 4 amino acids, no more than 3 amino acids, no
more than 2 amino acids or of one amino acid. In some embodiments, the linker comprises the
amino acid sequence as set forth in SEQ ID NO: 3 (HHHHHH). In some embodiments, the linker
comprises the amino acid sequence as set forth in SEQ ID NO: 4 (GPQGIAGQHHHHHHDY). In
some embodiments, the linker comprises the amino acid sequence as set forth in SEQ ID NO: 5
(IEGRMD). In some embodiments, the second moiety is attached to the first moiety via one or
more linkers. In some embodiments, the one or more linkers are selected from, but not limited to,
SEQ ID NOs: 3, 4, and 5. In some embodiments, the one or more linkers are selected from the

group consisting of: SEQ ID NOs: 3, 4, and 5.

[063] In some embodiments, the chimera is capable of homodimerizing. In some embodiments,

the chimera further comprises a third moiety that facilitates homodimerization of the chimera.

[064] In some embodiments, the third moiety comprises a peptide of the fragment crystallizable
(Fc) region of an antibody. In some embodiments, the third moiety comprises a peptide of the
fragment crystallizable (Fc) region of human IgGl. In some embodiments, said peptide is a
commercially available human engineered IgG1 Fc region termed hlgGle3-Fcl (InvivoGen)
comprising the amino acid sequence as set forth in SEQ ID NO: 6
(RSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAK



WO 2018/154584 PCT/IL2018/050214

GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEGLHNHYTQKSLSLSPGK).

[065] In some embodiments, the third moiety is contiguous to the C-terminus and/or the N-
terminus of the first moiety. In some embodiments, the third moiety is contiguous to the C-terminus
and/or the N-terminus of the second moiety. In some embodiments, the third moiety is attached to
the C-terminus of the first moiety or the C-terminus of the second moiety. In some embodiments,
the third moiety is attached to the first moiety or the second moiety via a covalent bond. In some
embodiments, the third moiety is attached to the first moiety or the second moiety via a peptide
bond. In some embodiments, the third moiety is attached to the first moiety or the second moiety
via a linker. Said linker, in some embodiments, has a length of no more than 20 amino acids, no
more than 19 amino acids, no more than 18 amino acids, no more than 17 amino acids, no more
than 16 amino acids, no more than 15 amino acids, no more than 14 amino acids, no more than 13
amino acids or no more than 12 amino acids, no more than 11 amino acids, no more than 10 amino
acids, no more than 9 amino acids, no more than 8 amino acids, no more than 7 amino acids, no
more than 6 amino acids, no more than 5 amino acids, no more than 4 amino acids, no more than 3
amino acids, no more than 2 amino acids or of one amino acid. In a non-limiting example, the linker
having the amino acid sequence as set forth in SEQ ID NO: 5 is attached to the N-terminus of the
peptide of the fragment crystallizable (Fc) region of human IgG1 having the amino acid sequence

as set forth in SEQ ID NO: 6.

[066] In some embodiments, the chimera further comprises a signal peptide. In some
embodiments, the signal peptide directs the chimera across or into a cell membrane. In some
embodiments, the signal peptide directs the chimera of the present invention for secretion from
cells. In one embodiment, following expression and secretion, the signal peptides are cleaved from
the precursor chimera resulting in the mature chimera. In some embodiments, the signal peptide

comprises the amino acid sequence as set for in SEQ ID NO: 7 (MGWSIILFLVATAT).

[067] The terms “chimera” and “chimeric polypeptide” are used interchangeably to refer to a
polypeptide formed by the joining of two or more peptides through a peptide bond formed between
the amino terminus of one peptide and the carboxyl terminus of another peptide. In some
embodiments, the chimera further comprises an acetyl group. In some embodiments, the acetyl

group is attached to the N-terminus of the chimera.
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[068] The chimera may be formed by a chemical coupling of the constituent peptides, or it may
be expressed as a single polypeptide fusion protein from a nucleic acid sequence encoding the

single contiguous conjugate.

[069] As used herein, the terms “peptide”, "polypeptide" and "protein" are used interchangeably

2

n n

to refer to a polymer of amino acid residues. The terms "peptide”, "polypeptide" and "protein" as
used herein encompass native peptides, peptidomimetics (typically including non-peptide bonds or
other synthetic modifications) and the peptide analogs peptoids and semi-peptoids or any
combination thereof. In another embodiment, the terms “peptide”, "polypeptide" and "protein"
apply to amino acid polymers in which one or more amino acid residue is an artificial chemical

analog of a corresponding naturally occurring amino acid.

[070] The chimeras may comprise additional amino acids, either at the peptide’s N-terminus, at
the peptide’s C-terminus or both. In another embodiment, the peptide has a length of at most 1000,
990, 980, 970, 960, 950, 940, 930, 920, 910, 900, 890, 880, 870, 860, 850, 840, 830, 820, 800, 790,
780, 760, or 750 amino acids. Each possibility represents a separate embodiment of the present

invention. In another embodiment, the peptide has a length of at most 80 amino acids.

[071] In some embodiments, the chimera of the invention comprises or consists of an amino acid
sequence selected from the amino acid sequences presented in Table 1, or a sequence derived

therefrom.

Table 1. Amino acid sequences of chimeras of the invention

SEQ ID | Sequence
NO:

8

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX X>X3DLQTSTHVETLLTFSAL
KRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVL
AHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKV
X4GYLKVDNEELLPKGLVDREPPEELVHX5VKXcGPQGIAGQHHHHHHDYGGTR
SPRCDCAGDFEX7KKXsGLFCCRGCPAGHYLKAPCTXoPCGNSTCLX10CPQX:: TFL
AX12ENHHX 3SECX14RCQACDEQASQVALENCSAVADTRCGCX 1sPGWFVECX 6
VSX17CVSSSPFYCQPCLDCGALHRHTRLX 1sCSRRDTDCGTCLPGFYEHGDGCVS
CPTSTLGSCPERCAAVCGWRQMEF, wherein X is selected from R and A, Xz 1is selected
from K and A, X3is selected from R and A, X4 1is selected from C and A, Xsis selected
from R and A, Xeis selected from R and G, X7is Hor Q; Xgis I, Tor Y; Xois E or K; X9

10
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is VorP; Xi1is D or G; X121s W or R; Xi3is Nor E; X4is Aor T; Xi51s K, E or A; Xie
is Qor S; Xi71is Q or P; and X3is L or P

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQOQHSVX X>X3DLQTSTHVETLLTFSAL
KRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVL
AHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKV
X4GYLKVDNEELLPKGLVDREPPEELVHX5VKXcGPQGIAGQHHHHHHDYGGTR
SPRCDCAGDFEX7KKXsGLFCCRGCPAGHYLKAPCTXoPCGNSTCLX10CPQX:: TFL
AX12ENHHX 3SECX14RCQACDEQASQVALENCSAVADTRCGCX 1sPGWFVECX 6
VSX17CVSSSPFYCQPCLDCGALHRHTRLX 1sCSRRDTDCGTCLPGFYEHGDGCVS
CPTSTLGSCPERCAAVCGWRQMFIEGRMDRSVECPPCPAPPV AGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEGLHNHYTQKSLSLSPGK, wherein X; is selected
from R and A, X» i1s selected from K and A, Xsis selected from R and A, X4 is selected
from C and A, Xsis selected from R and A, Xeis selected from R and G, X7is H or Q; X3
isI, TorY; Xois E or K; Xiois V or P; Xi111s D or G; X121s W or R; X131s N or E; X418
AorT; Xisis K, Eor A; Xi61s Q or S; X171s Q or P; and Xjgis L or P

10

MGWSIILFLVATATGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX;X2X3DL
QTSTHVETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDF
FTGHVVGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYK
SEDIKNVSRLQSPKVX4GYLKVDNEELLPKGLVDREPPEELVHX5VKXsGPQGIA
GQHHHHHHDY GGTRSPRCDCAGDEX7KKXsGLFCCRGCPAGHYLKAPCTXoPCG
NSTCLX10CPQX11 TFLAX12ENHHX 13SECX14RCQACDEQASQVALENCSAVADTR
CGCXi1sPGWFVECX16VSX17CVSSSPFYCQPCLDCGALHRHTRLX 1sCSRRDTDCG
TCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWRQMF, wherein X is selected
from R and A, X» i1s selected from K and A, Xsis selected from R and A, X4 is selected
from C and A, Xsis selected from R and A, Xeis selected from R and G, X7is H or Q; X3
isI, TorY; Xois E or K; Xiois V or P; Xi111s D or G; X121s W or R; X131s N or E; X418
AorT; Xisis K, Eor A; Xi61s Q or S; X171s Q or P; and Xjgis L or P

11

MGWSIILFLVATATGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX1X>X3DL
QTSTHVETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDF

11
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FTGHVVGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYK
SEDIKNVSRLQSPKVX4GYLKVDNEELLPKGLVDREPPEELVHX5VKXsGPQGIA
GQHHHHHHDY GGTRSPRCDCAGDEX7KKXsGLFCCRGCPAGHYLKAPCTXoPCG
NSTCLX10CPQX11 TFLAX12ENHHX 13SECX14RCQACDEQASQVALENCSAVADTR
CGCXi1sPGWFVECX16VSX17CVSSSPFYCQPCLDCGALHRHTRLX 1sCSRRDTDCG
TCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWRQMFIEGRMDRS VECPPCPA
PPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAK
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEGLHNHYTQKSLSLSPGK,
wherein X1 is selected from R and A, Xz is selected from K and A, X3 is selected from R
and A, X4is selected from C and A, Xsis selected from R and A, Xsis selected from R
and G, Xyis Hor Q; Xgis I, T or Y; Xgis E or K; Xjois V or P; X;1is D or G; X12is W or
R; Xi3is NorE; Xi4is Aor T; Xi5is K, Eor A; Xi6is Q or S; Xi7is Q or P; and X gis L

orP

12

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALK
RHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLA
HIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVA
GYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQHHHHHHDYGGTRSPR
CDCAGDFX 1 KKX>GLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXSTFLAXGE
NHHX;SECX3sRCQACDEQASQVALENCSAVADTRCGCXoPGWFVECX0VSX1:1C
VSSSPFYCQPCLDCGALHRHTRLX12CSRRDTDCGTCLPGFYEHGDGCVSCPTST
LGSCPERCAAVCGWROQMEF, wherein: Xjis Hor Q; Xois L Tor Y; X3zis E or K; X41is
VorP; XsisDor G; Xeis WorR; X7is Nor E; Xgis A or T; Xois K, E or A; Xj0is Q or
S; Xq1is Q or P; and X2is L or P

13

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALK
RHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLA
HIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVA
GYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQHHHHHHDYGGTRSPR
CDCAGDEX:KKXoGLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXsTFLAXGE
NHHX7SECXsRCQACDEQASQVALENCSAVADTRCGCXoPGWFVECX10VSX11C
VSSSPFYCQPCLDCGALHRHTRLX12CSRRDTDCGTCLPGFYEHGDGCVSCPTST
LGSCPERCAAVCGWRQMFIEGRMDRSVECPPCPAPPVAGPS VFLFPPKPKDTLM

12
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ISRTPEVTCVVVDVSHEDPEVKFENWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSREEMT

KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD

KSRWQOQGNVFESCSVMHEGLHNHYTQKSLSLSPGK, wherein: X;is H or Q; X21is I,
TorY; Xzis E or K; Xais Vor P; Xs5is D or G; Xeis W or R; X7is N or E; Xgis A or T;
Xois K, Eor A; Xpis Qor S; Xj1is Q or P; and X2is L or P

14

MGWSIILFLVATATGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQT
STHVETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFT
GHVVGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSE
DIKNVSRLQSPKVAGYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQH
HHHHHDYGGTRSPRCDCAGDEX 1 KKX>GLFCCRGCPAGHYLKAPCTX3PCGNST
CLX4CPQXsTFLAXcENHHX7SECXsRCQACDEQASQVALENCSAVADTRCGCXyP
GWFVECX0VSX11CVSSSPFYCQPCLDCGALHRHTRLX 2 CSRRDTDCGTCLPGFY
EHGDGCVSCPTSTLGSCPERCAAVCGWRQMFIEGRMDRS VECPPCPAPPVAGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREP
QVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEGLHNHYTQKSLSLSPGK, wherein:
XiisHor Q; Xais I, Tor Y; X3is E or K; X4is Vor P; Xs5is D or G; Xeis W or R; X7is
NorE; Xgis AorT; Xeis K, E or A; Xjpis Q or S; X111s Q or P; and Xj2is L or P

15

MGWSIILFLVATATGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQT
STHVETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFT
GHVVGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSE
DIKNVSRLQSPKVAGYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQH
HHHHHDYGGTRSPRCDCAGDEX 1 KKX>GLFCCRGCPAGHYLKAPCTX3PCGNST
CLX4CPQXsTFLAXcENHHX7SECXsRCQACDEQASQVALENCSAVADTRCGCXyP
GWFVECX0VSX11CVSSSPFYCQPCLDCGALHRHTRLX 2 CSRRDTDCGTCLPGFY
EHGDGCVSCPTSTLGSCPERCAAVCGWRQMEF, wherein: X;1is Hor Q; X2is I, T or
Y; Xzis E or K; X4is VorP; Xsis D or G; Xeis W or R; X7is N or E; Xgis A or T; Xois
K,Eor A; XipisQor S; X11is Q or P; and X2is L or P

16

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALK
RHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLA

13
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HIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVA
GYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQHHHHHHDYGGTRSPR
CDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQGTFLAWENHH
NSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFVECSVSQCVSSSPFYC
QPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGSCPERCA
AVCGWRQMFIEGRMD

17

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALK
RHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLA
HIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVA
GYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQHHHHHHDY GGTRSPR
CDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQGTFLAWENHH
NSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFVECSVSQCVSSSPFYC
QPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGSCPERCA
AVCGWRQMFIEGRMDRSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEGLHNHYTQKSLSLSPGK

18

MGWSIILFLVATATGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQT
STHVETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFT
GHVVGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSE
DIKNVSRLQSPKVAGYLKVDNEELLPKGLVDREPPEELVHAVKGGPQGIAGQH
HHHHHDYGGTRSPRCDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCL
PCPQGTFLAWENHHNSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFV
ECSVSQCVSSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCV
SCPTSTLGSCPERCAAVCGWRQMFIEGRMDRSVECPPCPAPPV AGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFENWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY'S
KLTVDKSRWQQGNVESCSVMHEGLHNHYTQKSLSLSPGK

19

GGTRSPRCDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQGTFL
AWENHHNSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFVECSVSQCV
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SSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWROQMFIEGRMDGPQGIAGQHHHHHHDY GDPGFGPHQRLEKLD
SLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALKRHFKLYLTSSTERFSQ

NFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDDVIIRINTDGAE
YNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVAGYLKVDNEELLPKGL

VDREPPEELVHAVKG

20

GGTRSPRCDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQGTFL
AWENHHNSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFVECSVSQCV
SSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWROQMFIEGRMDGPQGIAGQHHHHHHDY GDPGFGPHQRLEKLD
SLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALKRHFKLYLTSSTERFSQ
NFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDDVIIRINTDGAE
YNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVAGYLKVDNEELLPKGL
VDREPPEELVHAVKGRSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEGLHNHYTQKSLSLSPGK

21

MGWSIILFLVATATGGGTRSPRCDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEP
CGNSTCLPCPQGTFLAWENHHNSECTRCQACDEQASQVALENCSAVADTRCGC
APGWFEFVECSVSQCVSSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYE
HGDGCVSCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQHHHHHHDY
GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALK
RHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLA
HIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVA
GYLKVDNEELLPKGLVDREPPEELVHAVKGRSVECPPCPAPPVAGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFENWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY'S
KLTVDKSRWQQGNVESCSVMHEGLHNHYTQKSLSLSPGK

22

GGTRSPRCDCAGDFX:KKXoGLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXs
TFLAX(ENHHX7SECXsRCQACDEQASQVALENCSAVADTRCGCXyPGWFVECX|
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oVSX11CVSSSPFYCQPCLDCGALHRHTRLX 12CSRRDTDCGTCLPGFYEHGDGCV
SCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQHHHHHHDY GDPGFGP
HQRLEKLDSLLSDYDILSLSNIQQHSVX13X14X1sDLQTSTHVETLLTFSALKRHFK
LYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRD
DDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVXsGY
LKVDNEELLPKGLVDREPPEELVHX7VKXs, wherein: X;is Hor Q; Xzis I, Tor Y;
Xzis Eor K; Xs4is Vor P; Xsis D or G; Xeis W or R; X7is N or E; Xgis A or T; Xois K,
EorA; XippisQor S; X11is Qor P; Xj2is L or P; X13is R or A; X4is Kor A; Xis5is R or
A; Xieis Cor A; X17R or A; and Xi3is R or G

23

GGTRSPRCDCAGDFXKKX>GLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXs
TFLAXsENHHX7SECX3sRCQACDEQASQVALENCSAVADTRCGCXoPGWFEFVECX;
oVSX11CVSSSPFYCQPCLDCGALHRHTRLX 12CSRRDTDCGTCLPGFYEHGDGCV
SCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQHHHHHHDY GDPGFGP
HQRLEKLDSLLSDYDILSLSNIQQHSVX13X14X1sDLQTSTHVETLLTFSALKRHFK
LYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRD
DDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVXsGY
LKVDNEELLPKGLVDREPPEELVHX17VKX1sRSVECPPCPAPPV AGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVESCSVMHEGLHNHYTQKSLSLSPGK, wherein: Xiis H or Q;
Xois I, Tor Y; Xzis E or K; Xais V or P; X5is D or G; Xeis W or R; X7is N or E; Xgis A
orT; Xois K, Eor A; Xpis Qor S; X11is Q or P; X2is Lor P; X13is R or A; Xij41s K or
A; XisisRor A; Xisis Cor A; Xi7R or A; and Xi3is R or G

24

MGWSIILFLVATATGGTRSPRCDCAGDFX 1 KKX>GLFCCRGCPAGHYLKAPCTX3
PCGNSTCLX4CPQXsTFLAX(ENHHX7SECXsRCQACDEQASQVALENCSAVADT

RCGCXoPGWFVECX0VSX11CVSSSPFYCQPCLDCGALHRHTRLX,CSRRDTDCG
TCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWROQMFIEGRMDGPQGIAGQH

HHHHHDYGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX3X14X1sDLQTSTH
VETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHV
VGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKN
VSRLQSPKVXsGYLKVDNEELLPKGLVDREPPEELVHX7VKXs, wherein: X;is H
orQ; Xois I, Tor Y; Xzis E or K; X4is V or P; Xs5is D or G; Xeis W or R; X7is N or E;
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Xgis Aor T; Xois K, Eor A; X1pis Qor S; X11is Q or P; Xj2is L or P; X13is R or A; X4
is Kor A; Xisis R or A; Xi61s Cor A; Xi7R or A; and Xigis R or G

25

MGWSIILFLVATATGGTRSPRCDCAGDFX 1 KKX>GLFCCRGCPAGHYLKAPCTX3
PCGNSTCLX4CPQXsTFLAX(ENHHX7SECXsRCQACDEQASQVALENCSAVADT
RCGCXoPGWFVECX0VSX11CVSSSPFYCQPCLDCGALHRHTRLX,CSRRDTDCG
TCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWROQMFIEGRMDGPQGIAGQH
HHHHHDYGDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX3X14X1sDLQTSTH
VETLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHV
VGEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKN
VSRLQSPKVXsGYLKVDNEELLPKGLVDREPPEELVHX7VKX;sRSVECPPCPAP
PVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAK
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEGLHNHYTQKSLSLSPGK,
wherein: Xjis Hor Q; Xzis I, Tor Y; X3is E or K; X4is V or P; X5is D or G; Xgis W or
R; X7is Nor E; Xgis A or T; Xois K, E or A; Xjpis Qor S; X11is Q or P; Xi2is L or P;
Xizis Ror A; Xuais K or A; Xisis R or A; Xisis Cor A; X17R or A; and Xi3is R or G

26

GGTRSPRCDCAGDFXKKX>GLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXs
TFLAXsENHHX7SECX3sRCQACDEQASQVALENCSAVADTRCGCXoPGWFEFVECX;
oVSX11CVSSSPFYCQPCLDCGALHRHTRLX 12CSRRDTDCGTCLPGFYEHGDGCV
SCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQHHHHHHDY GDPGFGP
HQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALKRHFKLYL
TSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDDVI
IRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVAGYLKVDN
EELLPKGLVDREPPEELVHAVKG, wherein: X1is Hor Q; X2is I, Tor Y; X3is E or K;
X4is VorP; Xsis D or G; Xsis W or R; X7is N or E; Xgis A or T; Xois K, E or A; Xioi1s
Qor S; Xi1is Qor P; and Xj2is L or P

27

GGTRSPRCDCAGDFX:KKXoGLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXs
TFLAX(ENHHX7SECXsRCQACDEQASQVALENCSAVADTRCGCXyPGWFVECX|
o0VSX11CVSSSPFYCQPCLDCGALHRHTRLX12CSRRDTDCGTCLPGFYEHGDGCV
SCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQHHHHHHDY GDPGFGP
HQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVETLLTFSALKRHFKLYL
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TSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDDVI
IRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVAGYLKVDN
EELLPKGLVDREPPEELVHAVKGRSVECPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEY KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEGLHNHYTQKSLSLSPGK, wherein: X;is Hor Q; Xz2is I, T or
Y; Xzis E or K; X4is VorP; Xsis D or G; Xeis W or R; X7is N or E; Xgis A or T; Xois
K,Eor A; XipisQor S; X11is Q or P; and X2is L or P

28

MGWSIILFLVATATGGGTRSPRCDCAGDFX 1 KKX>GLFCCRGCPAGHYLKAPCT
X3PCGNSTCLX4CPQXSsTFLAXsENHHX7SECXsRCQACDEQASQVALENCSAVAD
TRCGCXyPGWFVECX10VSX11CVSSSPFYCQPCLDCGALHRHTRLX 12CSRRDTDC
GTCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQ
HHHHHHDY GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVE
TLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVV
GEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLV YKSEDIKNV
SRLOQSPKVAGYLKVDNEELLPKGLVDREPPEELVHAVKG, wherein: Xjis H or Q;
Xois I, Tor Y; Xzis E or K; Xais V or P; X5is D or G; Xeis W or R; X7is N or E; Xgis A
or T; Xois K, E or A; Xj0is Q or S; Xy1is Q or P; and X2is L or P

29

MGWSIILFLVATATGGGTRSPRCDCAGDFX 1 KKX>GLFCCRGCPAGHYLKAPCT
X3PCGNSTCLX4CPQXSsTFLAXsENHHX7SECXsRCQACDEQASQVALENCSAVAD
TRCGCXyPGWFVECX10VSX11CVSSSPFYCQPCLDCGALHRHTRLX 12CSRRDTDC
GTCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWRQMFIEGRMDGPQGIAGQ
HHHHHHDY GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKADLQTSTHVE
TLLTFSALKRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVV
GEPDSRVLAHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLV YKSEDIKNV
SRLOQSPKVAGYLKVDNEELLPKGLVDREPPEELVHAVKGRSVECPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEGLHNHYTQKSLSLSPGK,
wherein: Xjis Hor Q; Xzis I, Tor Y; X3is E or K; X4is V or P; X5is D or G; Xgis W or
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R; X7is N or E; Xgis A or T; Xois K, Eor A; Xpis Qor S; Xi1is Q or P; and Xj2is L or
P

[072] In one embodiment, the chimeras and/or each of the moieties of the invention encompass
variant thereof. As used herein, the term “variant” refers to a polypeptide or nucleotide sequence
which comprises a modification of one or more amino acids or nucleotides as compared to another
polypeptide or polynucleotide, respectively. In some embodiments, the modifications are
substitution, deletion, and/or insertion of one or more amino acids or nucleotides as compared to
another polypeptide or polynucleotide, respectively. The number and position of the modification
may vary so long as the chimera is capable of displaying the function of disclosed chimera of the

invention.

[073] In some embodiments, the chimera comprises or consists of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8-29 with between 1 and 75, 1 and 70, 1 and
65,1 and 60, 1 and 55, 1 and 50, 1 and 45, 1 and 40, 1 and 35, 1 and 30, 1 and 25, 1 and 20, 1 and
15, 1 and 10, or 1 and 5 amino acid modifications. In some embodiments, the chimera comprises
or consists of an amino acid sequence selected from the group consisting of SEQ ID NOs: 8-29
with at least 1, 2, 3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74, or 75 amino acid
modifications. In some embodiments, the chimera comprises or consists of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8-29 with at most 1, 2, 3,4,5,6,7,8,9, 10,11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67,68,69,70,71,72, 73,74, or 75 amino acid modifications. Each possibility represents

a separate embodiment of the present invention.

[074] According to another embodiment of the invention, the chimera comprises a sequence
having at least 70%, 75%, 80%, 85%, 90%. 91%, 92%. 93%, 94%, 95%, 96%, 97%. 98%, or 99%
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 8 to 29.

Each possibility represents a separate embodiment of the present invention.

[075] In some embodiments, the changes may be of minor nature, such as conservative amino
acid substitutions or for nucleotide sequence resulting in conservative amino acid substitutions that

do not significantly affect the activity of the polypeptide. One of skill in the art will recognize that
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individual substitutions, deletions or additions to a peptide, a polypeptide or a protein sequence
which alters, adds or deletes a single amino acid or a small percentage of amino acids in the encoded
sequence 1s a conservatively modified variant where the alteration results in the substitution of an
amino acid with a similar charge, size, and/or hydrophobicity characteristics, such as, for example,
substitution of a glutamic acid (E) to aspartic acid (D). Conservative substitution tables providing

functionally similar amino acids are well known in the art.

[076] In some embodiments, the chimera comprises or consists of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8 to 29 with one or more conservative
substitutions. In some embodiments, the chimera of the invention comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 8 to 29 with at most , 6,7, 8,9, 10,11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, or 75 conservative substitutions. Each possibility

represents a separate embodiment of the present invention.

[077] As used herein, the term "analog"” includes any peptide having an amino acid sequence
substantially identical to one of the sequences specifically shown herein in which one or more
residues have been conservatively substituted with a functionally similar residue and which
displays the abilities as described herein. Examples of conservative substitutions include the
substitution of one non-polar (hydrophobic) residue such as isoleucine, valine, leucine or
methionine for another, the substitution of one polar (hydrophilic) residue for another such as
between arginine and lysine, between glutamine and asparagine, between glycine and serine, the
substitution of one basic residue such as lysine, arginine or histidine for another, or the substitution
of one acidic residue, such as aspartic acid or glutamic acid for another. Each possibility represents
a separate embodiment of the present invention. As used herein, the phrase "conservative
substitution" also includes the use of a chemically derivatized residue in place of a non-derivatized

residue provided that such peptide displays the requisite function as specified herein.

[078] Typically, the present invention encompasses derivatives of the polypeptides (chimeras and
each of the moieties). The term "derivative" or "chemical derivative" includes any chemical
derivative of the polypeptide having one or more residues chemically derivatized by reaction of side
chains or functional groups. Such derivatized molecules include, for example, those molecules in
which free amino groups have been derivatized to form amine hydrochlorides, p-toluene sulfonyl
groups, carbobenzoxy groups, t-butyloxycarbonyl groups, chloroacetyl groups or formyl groups.

Free carboxyl groups may be derivatized to form salts, methyl and ethyl esters or other types of
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esters or hydrazides. Free hydroxyl groups may be derivatized to form O-acyl or O-alkyl
derivatives. The imidazole nitrogen of histidine may be derivatized to form N-im-benzylhistidine.
Also included as chemical derivatives are those peptides, which contain one or more naturally
occurring amino acid derivatives of the twenty standard amino acid residues. For example: 4-
hydroxyproline may be substituted for proline; 5-hydroxylysine may be substituted for lysine; 3-
methylhistidine may be substituted for histidine; homoserine may be substituted or serine; and

ornithine may be substituted for lysine.

[079] In addition, a peptide derivative can differ from the natural sequence of the peptides of the
invention by chemical modifications including, but are not limited to, terminal-NH?2 acylation,
acetylation, or thioglycolic acid amidation, and by terminal-carboxlyamidation, e.g., with ammonia,
methylamine, and the like. Peptides can be either linear, cyclic or branched and the like, which

conformations can be achieved using methods well known in the art.

[080] The peptide derivatives and analogs according to the principles of the present invention can
also include side chain bond modifications, including but not limited to -CH2-NH-, -CH2-S-, -CH2-
S=0, OC-NH-, -CH2-0O-, -CH2-CH2-, S=C-NH-, and -CH=CH-, and backbone modifications such
as modified peptide bonds. Peptide bonds (-CO-NH-) within the peptide can be substituted, for
example, by N-methylated bonds (-N(CH3)-CO-); ester bonds (-C(R)H-C-0-0-C(R)H-N);
ketomethylene bonds (-CO-CH2-); a-aza bonds (-NH-N(R)-CO-), wherein R is any alkyl group,
e.g., methyl; carba bonds (-CH2-NH-); hydroxyethylene bonds (-CH(OH)-CH2-); thioamide bonds
(-CS-NH); olefmic double bonds (-CH=CH-); and peptide derivatives (-N(R)-CH2-CO-), wherein
R is the "normal” side chain, naturally presented on the carbon atom. These modifications can occur

at one or more of the bonds along the peptide chain and even at several (e.g., 2-3) at the same time.

[081] The present invention also encompasses peptide derivatives and analogs in which free amino
groups have been derivatized to form amine hydrochlorides, p-toluene sulfonylamino groups,
carbobenzoxyamino groups, t-butyloxycarbonylamino groups, chloroacetylamino groups or
formylamino groups. Free carboxyl groups may be derivatized to form, for example, salts, methyl
and ethyl esters or other types of esters or hydrazides. The imidazole nitrogen of histidine can be

derivatized to form N-im-benzylhistidine.

[082] As used herein the term "salts" refers to both salts of carboxyl groups and to acid addition
salts of amino or guanido groups of the peptide molecule. Salts of carboxyl groups may be formed
by means known in the art and include inorganic salts, for example sodium, calcium, ammonium,

ferric or zinc salts, and the like, and salts with organic bases such as salts formed for example with
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amines such as triethanolamine, piperidine, procaine, and the like. Acid addition salts include, for
example, salts with mineral acids such as, for example, acetic acid or oxalic acid. Salts describe
here also ionic components added to the peptide solution to enhance hydrogel formation and /or

mineralization of calcium minerals.

[083] The peptide analogs can also contain non-natural amino acids. Examples of non-natural
amino acids include, but are not limited to, sarcosine (Sar), norleucine, ornithine, citrulline,
diaminobutyric acid, homoserine, isopropyl Lys, 3-(2'-naphtyl)-Ala, nicotinyl Lys, amino

isobutyric acid, and 3-(3'-pyridyl-Ala).

[084] Furthermore, the peptide analogs can contain other derivatized amino acid residues
including, but not limited to, methylated amino acids, N-benzylated amino acids, O-benzylated
amino acids, N-acetylated amino acids, O-acetylated amino acids, carbobenzoxy-substituted amino
acids and the like. Specific examples include, but are not limited to, methyl- Ala (Me Ala), MeTyr,
MeArg, MeGlu, MeVal, MeHis, N-acetyl-Lys, O-acetyl-Lys, carbobenzoxy-Lys, Tyr-O-Benzyl,
Glu-O-Benzyl, Benzyl-His, Arg-Tosyl, t-butylglycine, t-butylalanine, phenylglycine,

cyclohexylalanine, and the like.

[085] The invention further includes peptide analogs, which can contain one or more D-isomer
forms of the amino acids. Production of retro-inverso D-amino acid peptides where at least one
amino acid and perhaps all amino acids are D-amino acids is well known in the art. When all of the
amino acids in the peptide are D-amino acids, and the N- and C-terminals of the molecule are
reversed, the result is a molecule having the same structural groups being at the same positions as
in the L-amino acid form of the molecule. However, the molecule is more stable to proteolytic
degradation and is therefore useful in many of the applications recited herein. Diastereomeric
peptides may be highly advantageous over all L- or all D-amino acid peptides having the same
amino acid sequence because of their higher water solubility, lower immunogenicity, and lower
susceptibility to proteolytic degradation. The term "diastereomeric peptide" as used herein refers to
a peptide comprising both L-amino acid residues and D-amino acid residues. The number and
position of D-amino acid residues in a diastereomeric peptide of the preset invention may be
variable so long as the chimera is capable of displaying the function of disclosed chimera of the

invention.
sDR3 mutants
[086] In some embodiments, the SDR3 mutant is derived from or corresponding to amino acids

26-201 of human DR3 (NCBI Accession No. BAB40663, SEQ ID NO: 1).
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[087] As used herein, the term "derived from" or "corresponding to" refers to construction of an
amino acid sequence based on the knowledge of a sequence using any one of the suitable means
known to one skilled in the art, e.g. chemical synthesis in accordance with standard protocols in
the art. In one embodiment, a peptide derived from or corresponding to amino acids 26-201 of SEQ
ID NO: 1 is a peptide based on SEQ ID NO: 1, or an analog, a variant, a derivative or a fragment
thereof. In one embodiment, the peptide derived from or corresponding to amino acids 26-201 of
SEQ ID NO: 1, has the amino acid sequence as set forth in SEQ ID NO: 2, or an analog, a variant,

a derivative or a fragment thereof.

[088] The terms “sDR3 mutants” refers to a soluble variant of the extracellular domain of death
receptor 3 comprising the nucleic acid and/or nucleotide sequences of DR3 (SEQ ID NO:1) or a

fragment thereof having one or more substitutions.

[089] In some embodiments, the SDR3 mutant comprises the amino acid sequence of SEQ ID
NO: 2
(GGTRSPRCDCAGDFHKKIGLFCCRGCPAGHYLKAPCTEPCGNSTCLVCPQDTFLAWEN
HHNSECARCQACDEQASQVALENCSAVADTRCGCKPGWFEFVECQVSQCVSSSPFYCQPC
LDCGALHRHTRLLCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGSCPERCAAVCGWRQ
MF), or an analog, or a derivative or a fragment thereof, wherein said amino acid sequence
comprises at least one amino acid substitution at a position selected from the group consisting of:

H15, 118, E38, V47, D51, W56, N61, A65, K93, Q101, Q104 and L129.

[090] In some embodiments, the sDR3 mutant is capable of binding TLA1 with increased affinity
compared to WT DR3 (SEQ ID NO: 2). In some embodiments, the affinity is increased by at least
a 1.5-fold, at least a 2-fold, at Ieast a 2.5-fold, at least a 3-fold, at least a 3.5-fold, at least a 4-fold,
at least a 4.5-fold, at least a 5-fold, at least a 5.5-fold, at least a 6-fold, at least a 6.5-fold, at least a
7-fold, at least a 7.5-fold, at least a 8-fold, at least a 8.5-fold, at least a 9-fold, at least a 9.5-fold, or
at least a 10-fold. Each possibility represents a separate embodiment of the present invention. In
some embodiments, the binding of the first moiety to TLA1 inhibits or reduces TL1A mediated

IFN-v secretion.

[091] According to an embodiment of the invention, the DR3 mutant of the invention has
increased selectively to TL1A compared to the selectivity of WT DR3. As used herein, the term
"selectively” refers to having a binding affinity to TL1A that is substantially greater than said

binding affinity for wild-type (WT) DR3 to TL1A. As used in connection with selective binding
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affinity, "substantially greater" means at least a 1.5-fold, at least a two-fold, at least a three-fold, at

least a four-fold or at least a five-fold increase in the selectivity to a TL1A.

[092] In some embodiments, the sDR3 mutant comprises or consists of an amino acid sequence

selected from the amino acid sequences presented in Table 2 (e.g., SEQ ID NOs: 30-38).

Table 2. amino acid sequences of sSDR3 mutants of the invention

SEQ ID
NO:

Amino acid sequence

30

GGTRSPRCDCAGDFXKKX>GLFCCRGCPAGHYLKAPCTX3PCGNSTCLX4CPQXs
TFLAXsENHHX7SECX3sRCQACDEQASQVALENCSAVADTRCGCXoPGWFEFVECX;
oVSX11CVSSSPFYCQPCLDCGALHRHTRLX 12CSRRDTDCGTCLPGFYEHGDGCV
SCPTSTLGSCPERCAAVCGWRQMEF, wherein: Xi1is Hor Q; Xa2is I, Tor Y; X3is E or
K; X4is Vor P; Xs5is D or G; Xsis W or R; X7is Nor E; Xgis A or T; Xois K, E or A; X0
isQor S; Xi1is Q or P; and X2is L or P

31

GGTRSPRCDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQGTFL
AWENHHNSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFVECSVSQCV
SSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWRQMF

32

GGTRSPRCDCAGDFHKKTGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQGTFL
AWENHHESECARCQACDEQASQVALENCSAVADTRCGCEPGWFVECQVSPCV
SSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWRQMF.

33

GGTRSPRCDCAGDFHKKYGLFCCRGCPAGHYLKAPCTEPCGNSTCLVCPQGTFL
AWENHHNSECARCQACDEQASQVALENCSAVADTRCGCEPGWFVECQVSQCV
SSSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWRQMF.

34

GGTRSPRCDCAGDFHKKIGLFCCRGCPAGHYLKAPCTKPCGNSTCLPCPQDTFL
ARENHHNSECTRCQACDEQASQVALENCSAVADTRCGCAPGWFVECSVSQCVS
SSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGSC
PERCAAVCGWRQMF.
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35 GGTRSPRCDCAGDFQKKIGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQDTFL

ARENHHNSECARCQACDEQASQVALENCSAVADTRCGCKPGWFVECQVSPCV

SSSPFYCQPCLDCGALHRHTRLLCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWRQMF.

36 GGTRSPRCDCAGDFHKKIGLFCCRGCPAGHYLKAPCTKPCGNSTCLPCPQDTFL
AWENHHNSECTRCQACDEQASQVALENCSAVADTRCGCKPGWFVECSVSQCV
SSSPFYCQPCLDCGALHRHTRLLCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWRQMF.

37 GGTRSPRCDCAGDFQKKIGLFCCRGCPAGHYLKAPCTKPCGNSTCLPCPQGTFL
AWENHHESECARCQACDEQASQVALENCSAVADTRCGCAPGWFEFVECSVSQCV
SSSPFYCQPCLDCGALHRHTRLLCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGS
CPERCAAVCGWRQMF.

38 GGTRSPRCDCAGDFQKKIGLFCCRGCPAGHYLKAPCTEPCGNSTCLPCPQDTFL
AWENHHESECARCQACDEQASQVALENCSAVADTRCGCEPGWFVECSVSPCVS
SSPFYCQPCLDCGALHRHTRLPCSRRDTDCGTCLPGFYEHGDGCVSCPTSTLGSC
PERCAAVCGWRQMF.

[093] The present invention further provides fragments, analogs and chemical modifications of
the DR3 mutants of the present invention as long as they are capable of binding TL1A and/or
modulating (e.g. reducing or inhibiting) TL1A induced IFN-y secretion.

[094] According to another embodiment, the sDR3 mutants of the invention encompass truncated
forms and/or fragments of any one of SEQ ID NOs: 30-38 as long as they are capable of binding
TL1A and/or modulating (e.g. reducing or inhibiting) TL1A induced IFN-y secretion. In another
embodiment, the fragments or the truncated forms of sDR3 mutants of the invention comprise at
least 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175 or 176 amino acids derived from any one of SEQ ID NOs: 22-
30. Each possibility represents a separate embodiment of the present invention. In another
embodiment, the fragments or the truncated forms of sDR3 mutants of the invention comprise 100
to 176, 100 to 175, 100 to 174, 100 to 173, 100 to 172, 100 to 171, 100 to 170, 100 to 169, 100 to
168, 100 to 167, 100 to 166, 100 to 165, 100 to 164, 100 to 163, 100 to 162, 100 to 161, 100 to
160, 100 to 159, 100 to 158, 100 to 157, 100 to 156, 100 to 155, 100 to 154, 100 to 153, 100 to
152, 100 to 151, 100 to 150, 120 to 176, 120 to 175, 120 to 174, 120 to 173, 120 to 172, 120 to
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171, 120 to 170, 120 to 169, 120 to 168, 120 to 167, 120 to 166, 120 to 165, 120 to 164, 120 to
163, 120 to 162, 120 to 161, 120 to 160, 120 to 159, 120 to 158, 120 to 157, 120 to 156, 120 to
155, 120 to 154, 120 to 153, 120 to 152, 120 to 151, 120 to 150, 140 to 176, 140 to 175, 140 to
174, 140 to 173, 140 to 172, 140 to 171, 140 to 170, 140 to 169, 140 to 168, 140 to 167, 140 to
166, 140 to 165, 140 to 164, 140 to 163, 140 to 162, 140 to 161, 140 to 160, 140 to 159, 140 to
158, 140 to 157, 140 to 156, 140 to 155, 140 to 154, 140 to 153, 140 to 152, 140 to 151, or 140 to
150, amino acids derived from any one of SEQ ID NOs: 30-38. Each possibility represents a

separate embodiment of the present invention.

[095] In some embodiments, the first moiety comprises or consists of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 30-38 with one or more conservative
substitutions. In some embodiments, the first moiety comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs: 30-38 with at most 1, 2, 3, or 4 conservative
substitutions. Each possibility represents a separate embodiment of the present invention.
According to another embodiment of the invention, the first moiety comprises a sequence
homologous to an amino acid sequence selected from the group consisting of SEQ ID NOs: 30-38.
According to another embodiment of the invention, the first moiety comprises a sequence having
greater than 70%, 75%, 80%, 85%, 90%, 91%. 92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99%
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 30-38. Each

possibility represents a separate embodiment of the present invention.

[096] In one embodiment, the first moiety comprises a variant of an amino acid sequence selected
from the group consisting of SEQ ID NOs: 30-38, as long as the variant is capable of binding TL1A
and/or modulating (e.g. reducing or inhibiting) TL1A induced IFN-y secretion.

pTACE moiety

[097] In some embodiments, the second moiety comprises a pTACE mutant having an amino acid
sequence derived from or corresponding to a pro-domain of TNF-a converting enzyme (pTACE
domain), comprising at least one mutation at the natural furin cleavage site, which renders the
moiety resistant to furin degradation. In some embodiments, the moiety is devoid of the catalytic
domain of TACE. In some embodiments, the pTACE mutant is capable of reducing/inhibiting

TACE catalytic activity in vitro and/or in vivo.

[098] In some embodiments, the second moiety comprises an amino acid sequence derived from
or corresponding to the pTACE domain of human TACE, or an analog, or a derivative or a fragment

thereof.
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[099] In some embodiments, the pTACE mutant comprises an amino acid sequence derived from
or corresponding to amino acids 23 to 214 of human TACE (NCBI Reference Sequence:
NP_003174.3, SEQ ID NO: 39).

[0100] In some embodiments, the pTACE mutant comprises at most 220, 219, 218, 217, 216, 215,
214,213,212, 211, 210, 209, 208, 207, 206, 205, 204, 203, 202, 201, 200, 199, 198, 197, 196, 195,
194, 193 contiguous amino acid residues derived from SEQ ID NO: 2. In some embodiments, the

pTACE mutant is devoid of the catalytic domain of TACE.

[0101] In some embodiments, the second moiety has a length of at most 220, 219, 218, 217, 216,
215,214,213, 212,211, 210, 209, 208, 207, 206, 205, 204, 203, 202, 201, 200, 199, 198, 197, 196,
195, 194, 193 amino acid residues. Each possibility represents a separate embodiment of the present

invention.

[0102] In some embodiments, the amino acid sequence derived from or corresponding to amino
acids 23 to 214 of human TACE comprises at least one amino acid substitution at a position selected
from the group consisting of: R56, K57, R58 of the human TACE (SEQ ID NO: 39). In some
embodiments, the amino acid sequence further comprises at least one amino acid substitution at a
position selected from the group consisting of: C184, R211, R214 of the human TACE (SEQ ID
NO: 39). In some embodiments, the pTACE peptide of the invention is capable of downregulating

an activity of human TACE in vivo and in vitro.

[0103] In some embodiments, the pTACE peptide of the invention comprises the amino acid
sequence as set forth in SEQ ID NO: 40,
(GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVRKRDLQTSTHVETLLTFSALKRHFKL

YLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDD VIIRIN
TDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVCGYLKVDNEELLPKGL

VDREPPEELVHRVKR), or an analog, or a derivative or a fragment thereof, wherein said amino
acid sequence comprises at least one amino acid substitution at a position selected from the group
consisting of: R35, K36, and R37. In some embodiments, the amino acid sequence comprises at
least one amino acid substitution at a position selected from the group consisting of: C163, R190
and R193. In some embodiments, the R35, K36, R37 is substituted with any amino acid other than
arginine or lysine. In some embodiments, the R35, K36, R37 is substituted with an amino acid
selected from: Alanine, Aspargine, Aspartic Acid, Cysteine, Glutamine, Glutamic Acid, Glycine,
Histidine, Isolucine, Leucine, Methionine, Phenylalanine, Proline, Serine, Threonine, Tryptophan,

Tyrosine or Valine.
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[0104] In some embodiments, the pTACE mutant of the invention comprises the amino acid
sequence as set forth in SEQ ID NO: 41
(GDPGFGPHQRLEKLDSLLSDYDILSLSNIQOQHS VX 1 XoX3DLQTSTHVETLLTFSALKRHF

KLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDDVII

RINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVX4GYLKVDNEELLP

KGLVDREPPEELVHXsVKXs, X 1s selected from R and A, Xz is selected from K and A, X3 is
selected from R and A, X41s selected from C and A, Xsis selected from R and A, Xsis selected
from R and G, and wherein at least one of the X, X2 and X3 is an amino acid other than R or K. In
some embodiments, at least one of the X, X2 and X3 is selected from: Alanine, Aspargine, Aspartic
Acid, Cysteine, Glutamine, Glutamic Acid, Glycine, Histidine, Isolucine, Leucine, Methionine,

Phenylalanine, Proline, Serine, Threonine, Tryptophan, Tyrosine or Valine.

[0105] In some embodiments, the pTACE mutant of the invention comprises the amino acid
sequence as set forth in SEQ ID NO: 42
(GDPGFGPHQRLEKLDSLLSDYDILSLSNIQOQHS VX 1 XoX3DLQTSTHVETLLTFSALKRHF
KLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVLAHIRDDDVII
RINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKVX4sGYLKVDNEELLP
KGLVDREPPEELVHX5VKXs, wherein X is selected from R and A, X»is selected from K and
A, X31is selected from R and A, Xais selected from C and A, Xsis selected from R and A, Xeis

selected from R and G).

[0106] In some embodiments, the pTACE mutant comprises or consists of an amino acid sequence

selected from the amino acid sequences presented in Table 3 (e.g., SEQ ID NOs: 43-46).

Table 3. amino acid sequences of pTACE mutants of the invention

SEQ ID | Amino acid sequence
NO:

43

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX X>X3DLQTSTHVETLLTFSAL
KRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVL
AHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKV
X4GYLKVDNEELLPKGLVDREPPEELVHX5VKXs, wherein X is A, Xz is selected
from K and A, X3is selected from R and A, X41is selected from C and A, Xsis selected
from R and A, Xsis selected from R and G.
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44

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHSVX X>X3DLQTSTHVETLLTFSAL
KRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVL
AHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKV
X4GYLKVDNEELLPKGLVDREPPEELVHXsVKXe, wherein X is selected from R and
A, Xais selected from K and A, X3is A, Xais selected from C and A, Xsis selected from
R and A, and X is selected from R and G.

45

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQOQHSVX X>X3DLQTSTHVETLLTFSAL
KRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVL

AHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKV
X4GYLKVDNEELLPKGLVDREPPEELVHX5VKXs, wherein X is A, Xz2is K, X3is A,
Xa41s selected from C and A, Xsis selected from R and A, and Xeis selected from R and

G.

46

GDPGFGPHQRLEKLDSLLSDYDILSLSNIQQHS VX1 X>X3DLQTSTHVETLLTESAL
KRHFKLYLTSSTERFSQNFKVVVVDGKNESEYTVKWQDFFTGHVVGEPDSRVL

AHIRDDDVIIRINTDGAEYNIEPLWRFVNDTKDKRMLVYKSEDIKNVSRLQSPKV
X4GYLKVDNEELLPKGLVDREPPEELVHX5VKXGs, wherein X11is A, X21s K, X31s A,

X418 A, Xsi1s A, and Xeis G.

[0107] The present invention further provides fragments, analogs and chemical modifications of
the pTACE mutants of the present invention as long as they are capable of reducing/inhibiting

TACE both in vitro and in vitro.

[0108] According to another embodiment, the pTACE mutants of the invention encompass
truncated forms and/or fragments of any one of SEQ ID NOs: 41-46 as long as they are capable of
e.g. reducing or inhibiting TACE activity. In another embodiment, the fragments or the truncated
forms of pTACE mutants of the invention comprise at least 192, 191, 190, 189, 188, 187, 186, 185,
184,183,182, 181, 180, 179, 178, 177, 176, 175, 174, 173, 172, 171, 170, 169, 168, 167, 166, 165,
164, 163, 162, 161, 160, 159, 158, 157, 156, 155, 154, 153, 152, 151, or 150 amino acids derived
from any one of SEQ ID NOs: 41-46. Each possibility represents a separate embodiment of the
present invention. In another embodiment, the fragments or the truncated forms of pTACE mutants
of the invention comprise 100 to 192, 100 to 191, 100 to 190, 100 to 189, 100 to 1886, 100 to 187,
100 to 186, 100 to 185, 100 to 184, 100 to 183, 100 to 182, 100 to 181, 100 to 180, 100 to 179, 100
to 178, 100 to 177, 100 to 176, 100 to 175, 100 to 174, 100 to 173, 100 to 172, 100 to 171, 100 to
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170, 100 to 169, 100 to 168, 100 to 167, 100 to 166, 100 to 165, 100 to 164, 100 to 163, 100 to
162, 100 to 161, 100 to 160, 100 to 159, 100 to 158, 100 to 157, 100 to 156, 100 to 155, 100 to
154, 100 to 153, 100 to 152, 100 to 151, 100 to 150, 120 to 192, 120 to 191, 120 to 190, 120 to
189, 120 to 1886, 120 to 187, 120 to 186, 120 to 185, 120 to 184, 120 to 183, 120 to 182, 120 to
181, 120 to 180, 120 to 179, 120 to 178, 120 to 177, 120 to 176, 120 to 175, 120 to 174, 120 to
173, 120 to 172, 120 to 171, 120 to 170, 120 to 169, 120 to 168, 120 to 167, 120 to 166, 120 to
165, 120 to 164, 120 to 163, 120 to 162, 120 to 161, 120 to 160, 120 to 159, 120 to 158, 120 to
157, 120 to 156, 120 to 155, 120 to 154, 120 to 153, 120 to 152, 120 to 151, 120 to 150, 140 to
176, 140 to 175, 140 to 174, 140 to 173, 140 to 172, 140 to 171, 140 to 170, 140 to 169, 140 to
168, 140 to 167, 140 to 166, 140 to 165, 140 to 164, 140 to 163, 140 to 162, 140 to 161, 140 to
160, 140 to 159, 140 to 158, 140 to 157, 140 to 156, 140 to 155, 140 to 154, 140 to 153, 140 to
152, 140 to 151, or 140 to 150, amino acids derived from any one of SEQ ID NOs: 41-46. Each

possibility represents a separate embodiment of the present invention.

[0109] In some embodiments, the second moiety comprises or consists of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 41-46 with one or more conservative
substitutions. In some embodiments, the second moiety comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs: 41-46 with at most 1, 2, 3, 4,5, 6,7, 8,9 or 10
conservative substitutions. Each possibility represents a separate embodiment of the present
invention. According to another embodiment of the invention, the second moiety comprises a
sequence homologous to an amino acid sequence selected from the group consisting of SEQ ID
NOs: 33-38. According to another embodiment of the invention, the second moiety comprises a
sequence having greater than 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity to an amino acid sequence selected from the group consisting of SEQ ID NOs:

33-38. Each possibility represents a separate embodiment of the present invention.

[0110] In one embodiment, the second moiety comprises a variant of an amino acid sequence
selected from the group consisting of SEQ ID NOs: 41-46, as long as the variant is capable of is

capable of reducing/inhibiting TACE catalytic activity in vivo and/or in vitro.
Synthesizing the chimera

[0111] According to one embodiment, the chimeras of the present invention may be synthesized
or prepared by any method and/or technique known in the art for peptide synthesis. According to
another embodiment, the polypeptides may be synthesized by a solid phase peptide synthesis
method of Merrifield (see J. Am. Chem. Soc, 85:2149, 1964). According to another embodiment,
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the polypeptides of the present invention can be synthesized using standard solution methods well
known in the art (see, for example, Bodanszky, M., Principles of Peptide Synthesis, Springer-

Verlag, 1984).

[0112] In general, the synthesis methods comprise sequential addition of one or more amino acids
or suitably protected amino acids to a growing peptide chain bound to a suitable resin. 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 be either attached to an inert solid support
(resin) or utilized in solution by adding the next amino acid in the sequence having the
complimentary (amino or carboxyl) group suitably protected, under conditions conductive 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 added, and so forth. After all the desired
amino acids have been linked in the proper sequence, any remaining protecting groups are removed
sequentially or concurrently, and the peptide chain, if synthesized by the solid phase method, is

cleaved from the solid support to afford the final peptide.

[0113] In the solid phase peptide synthesis method, the alpha-amino group of the amino acid is
protected by an acid or base sensitive group. Such protecting groups should have the properties of
being stable to the conditions of peptide linkage formation, while being readily removable without
destruction of the growing peptide chain. Suitable protecting groups are t-butyloxycarbonyl (BOC),
benzyloxycarbonyl (Cbz), biphenylisopropyloxycarbonyl, t-amyloxycarbonyl,
isobornyloxycarbonyl,  (alpha,alpha)-dimethyl-3  ,5  dimethoxybenzyloxycarbonyl, o-
nitrophenylsulfenyl, 2-cyano-t-butyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC) and the
like. In the solid phase peptide synthesis method, the C-terminal amino acid is attached to a suitable
solid support. Suitable solid supports useful for the above synthesis are those materials, which are
inert to the reagents and reaction conditions of the stepwise condensation-deprotection reactions,
as well as being insoluble in the solvent media used. Suitable solid supports are
chloromethylpolystyrene-divinylbenzene polymer, hydroxymethyl-polystyrene-divinylbenzene
polymer, and the like. The coupling reaction is accomplished in a solvent such as ethanol,
acetonitrile, N,N-dimethylformamide (DMF), and the like. The coupling of successive protected

amino acids can be carried out in an automatic polypeptide synthesizer as is well known in the art.

[0114] In another embodiment, polypeptides of the invention may be synthesized such that one or
more of the bonds, which link the amino acid residues of the peptides are non-peptide bonds. In

another embodiment, the non-peptide bonds include, but are not limited to, imino, ester, hydrazide,
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semicarbazide, and azo bonds, which can be formed by reactions well known to one skilled in the

art.

[0115] The invention further encompasses a polynucleotide sequence comprising a nucleic acid
encoding any of the chimeras of the invention. In another embodiment, the nucleic acid sequence
encoding the chimeras of the invention is at least 70%, or alternatively at least 80%, or alternatively
at least 90%, or alternatively at least 95%, or alternatively at least 99% homologous to the nucleic
acid sequence encoding the nucleic acid sequence of the chimeras of the invention or a fragment

thereof.

[0116] In some embodiment, the invention provides a polynucleotide encoding the chimeras of the

invention.

[0117] In some embodiments, the polynucleotide of the present invention is ligated into an
expression vector, comprising a transcriptional control of a cis-regulatory sequence (e.g., promoter
sequence). In some embodiments, the cis-regulatory sequence is suitable for directing constitutive
expression of the polypeptide of the present invention. In some embodiments, the cis-regulatory
sequence is suitable for directing tissue-specific expression of the polypeptide of the present
invention. In some embodiments, the cis-regulatory sequence is suitable for directing inducible

expression of the polypeptide of the present invention.

[0118] The term “polynucleotide” refers to a nucleic acid (e.g., DNA or RNA) sequence that
comprises coding sequences necessary for the production of a polypeptide. In one embodiment, a
polynucleotide refers to a single or double stranded nucleic acid sequence which is isolated and
provided in the form of an RNA sequence, a complementary polynucleotide sequence (cDNA), a
genomic polynucleotide sequence and/or a composite polynucleotide sequences (e.g., a

combination of the above).

[0119] In one embodiment, “complementary polynucleotide sequence” refers to a sequence, which
results from reverse transcription of messenger RNA using a reverse transcriptase or any other
RNA dependent DNA polymerase. In one embodiment, the sequence can be subsequently

amplified in vivo or in vitro using a DNA polymerase.

[0120] In one embodiment, “genomic polynucleotide sequence” refers to a sequence derived

(isolated) from a chromosome and thus it represents a contiguous portion of a chromosome.

[0121] In one embodiment, “composite polynucleotide sequence” refers to a sequence, which is at
least partially complementary and at least partially genomic. In one embodiment, a composite
sequence can include some exonal sequences required to encode the polypeptide of the present
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invention, as well as some intronic sequences interposing there between. In one embodiment, the
intronic sequences can be of any source, including of other genes, and typically will include
conserved splicing signal sequences. In one embodiment, intronic sequences include cis acting

expression regulatory elements.

[0122] In some embodiments, polynucleotides of the present invention are prepared using PCR
techniques as described in Example 1, or any other method or procedure known to one skilled in
the art. In some embodiments, the procedure involves the ligation of two different DNA sequences
(See, for example, “Current Protocols in Molecular Biology”, eds. Ausubel et al., John Wiley &

Sons, 1992).

[0123] In one embodiment, polynucleotides of the present invention are inserted into expression
vectors (i.e., a nucleic acid construct) to enable expression of the recombinant polypeptide. In one
embodiment, the expression vector of the present invention includes additional sequences which
render this vector suitable for replication and integration in prokaryotes. In one embodiment, the
expression vector of the present invention includes additional sequences which render this vector
suitable for replication and integration in eukaryotes. In one embodiment, the expression vector of
the present invention includes a shuttle vector which renders this vector suitable for replication and
integration in both prokaryotes and eukaryotes. In some embodiments, cloning vectors comprise
transcription and translation initiation sequences (e.g., promoters, enhancers) and transcription and

translation terminators (e.g., polyadenylation signals).

[0124] In one embodiment, a variety of prokaryotic or eukaryotic cells can be used as host-
expression systems to express the polypeptide of the present invention. In some embodiments, 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 polypeptide
coding sequence; yeast transformed with recombinant yeast expression vectors containing the
polypeptide 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 polypeptide coding

sequence.

[0125] In some embodiments, non-bacterial expression systems are used (e.g. mammalian
expression systems) to express the polypeptide of the present invention. In one embodiment, the

expression vector is used to express polynucleotides of the present invention in mammalian cells.
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[0126] In some embodiments, in bacterial systems of the present invention, a number of expression
vectors can be advantageously selected depending upon the use intended for the polypeptide
expressed. In one embodiment, large quantities of polypeptide are desired. In one embodiment,
vectors that direct the expression of high levels of the protein product, possibly as a fusion with a
hydrophobic signal sequence, which directs the expressed product into the periplasm of the bacteria
or the culture medium where the protein product is readily purified are desired. In one embodiment,
certain fusion protein engineered with a specific cleavage site to aid in recovery of the polypeptide.
In one embodiment, vectors adaptable to such manipulation include, but are not limited to, the pET

series of E. coli expression vectors [Studier et al., Methods in Enzymol. 185:60-89 (1990)].

[0127] In one embodiment, yeast expression systems are used. In one embodiment, a number of
vectors containing constitutive or inducible promoters can be used in yeast as disclosed in U.S. Pat.
No. 5,932,447. In another embodiment, vectors which promote integration of foreign DNA

sequences into the yeast chromosome are used.

[0128] In one embodiment, the expression vector of the present invention may further include
additional polynucleotide sequences that allow, for example, the translation of several proteins

from a single mRNA such as an internal ribosome entry site (IRES).

[0129] In some embodiments, mammalian expression vectors include, but are not limited to,
pcDNA3, pcDNA3.1 (¥), pGL3, pZeoSV2(x), pSecTag2, pDisplay, pEF/myc/cyto,
pCMV/myc/cyto, 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-CMYV which are available from Strategene, pTRES which is available from Clontech, and

their derivatives.

[0130] In some embodiments, expression vectors containing regulatory elements from eukaryotic
viruses such as retroviruses are used by the present invention. SV40 vectors include pSVT7 and
pMT2. In some embodiments, vectors derived from bovine papilloma virus include pBV-1MTHA,
and vectors derived from Epstein Bar virus include pHEBO, and p20S5. Other exemplary vectors
include pMSG, pAV009/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.
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[0131] In some embodiments, recombinant viral vectors, which offer advantages such as lateral
infection and targeting specificity, are used for in vivo expression of the chimera of the present
invention. In one embodiment, lateral infection is 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. In one embodiment, the result is that a large area becomes
rapidly infected, most of which was not initially infected by the original viral particles. In one
embodiment, viral vectors are produced that are unable to spread laterally. In one embodiment, this
characteristic can be useful if the desired purpose is to introduce a specified gene into only a

localized number of targeted cells.

[0132] Various methods can be used to introduce the expression vector of the present 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 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.

[0133] A person with skill in the art will appreciate that the polypeptide of the present invention
can also be expressed from a nucleic acid construct administered to the individual employing any
suitable mode of administration, described hereinabove (i.e., in vivo gene therapy). In one
embodiment, the nucleic acid construct is introduced into a suitable cell via an appropriate gene
delivery vehicle/method (transfection, transduction, homologous recombination, etc.) and an
expression system as needed and then the modified cells are expanded in culture and returned to

the individual (i.e., ex vivo gene therapy).

[0134] In one embodiment, in vivo gene therapy using a cytokine has been attempted in animal
models such as rodents [Bohl et al., Blood. 2000; 95:2793-2798], primates [Gao et al., Blood, 2004,
Volume 103, Number 9] and has proven successful in human clinical trials for patients with chronic

renal failure [Lippin et al Blood 2005, 106, Number 7].

[0135] In one embodiment, plant expression vectors are used. In one embodiment, the expression

of a polypeptide coding sequence is driven by a number of promoters. In some embodiments, viral
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promoters such as the 35S RNA and 19S RNA promoters of CaMV [Brisson et al., Nature 310:511-
514 (1984)], or the coat protein promoter to TMV [Takamatsu et al., EMBO J. 6:307-311 (1987)]
are used. In another embodiment, plant promoters are used such as, for example, the small subunit
of RUBISCO [Coruzzi et al., EMBO J. 3:1671-1680 (1984); and Brogli et al., Science 224:838-
843 (1984)] or heat shock promoters, €.g., soybean hsp17.5-E or hsp17.3-B [Gurley et al., Mol.
Cell. Biol. 6:559-565 (1986)]. In one embodiment, constructs are 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
& Weissbach [Methods for Plant Molecular Biology, Academic Press, NY, Section VIII, pp 421-
463 (1988)]. Other expression systems such as insects and mammalian host cell systems, which are

well known in the art, can also be used by the present invention.

[0136] It will be appreciated that other than containing the necessary elements for the transcription
and translation of the inserted coding sequence (encoding the polypeptide), the expression construct
of the present invention can also include sequences engineered to optimize stability, production,

purification, yield or activity of the expressed polypeptide.

[0137] In some embodiments, transformed cells are cultured under effective conditions, which
allow for the expression of high amounts of recombinant polypeptide. In some embodiments,
effective culture conditions include, but are not limited to, effective media, bioreactor, temperature,
pH and oxygen conditions that permit protein production. In one embodiment, an effective medium
refers to any medium in which a cell is cultured to produce the recombinant polypeptide of the
present invention. In some embodiments, a medium typically includes an aqueous solution having
assimilable carbon, nitrogen and phosphate sources, and appropriate salts, minerals, metals and
other nutrients, such as vitamins. In some embodiments, cells of the present invention can be
cultured in conventional fermentation bioreactors, shake flasks, test tubes, microtiter dishes and
petri plates. In some embodiments, culturing is carried out at a temperature, pH and oxygen content
appropriate for a recombinant cell. In some embodiments, culturing conditions are within the

expertise of one of ordinary skill in the art.

[0138] In some embodiments, depending on the vector and host system used for production,
resultant polypeptides of the present invention either remain within the recombinant cell, secreted
into the fermentation medium, secreted into a space between two cellular membranes, such as the
periplasmic space in E. coli; or retained on the outer surface of a cell or viral membrane. In one
embodiment, following a predetermined time in culture, recovery of the recombinant polypeptide

is affected.
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[0139] In one embodiment, the phrase “recovering the recombinant polypeptide” used herein refers
to collecting the whole fermentation medium containing the polypeptide and need not imply

additional steps of separation or purification.

[0140] In one embodiment, polypeptides of the present invention are purified using a variety of
standard protein purification techniques, such as, but not limited to, affinity chromatography, ion
exchange chromatography, filtration, electrophoresis, hydrophobic interaction chromatography,
gel filtration chromatography, reverse phase chromatography, concanavalin A chromatography,

chromatofocusing and differential solubilization.

[0141] In one embodiment, to facilitate recovery, the expressed coding sequence can be engineered
to encode the polypeptide of the present invention and fused cleavable moiety. In one embodiment,
a fusion protein can be designed so that the polypeptide can be readily isolated by affinity
chromatography; e.g., by immobilization on a column specific for the cleavable moiety. In one
embodiment, a cleavage site is engineered between the polypeptide and the cleavable moiety, and
the polypeptide 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 et al.,

Immunol. Lett. 19:65-70 (1988); and Gardella et al., J. Biol. Chem. 265:15854-15859 (1990)].

[0142] In one embodiment, the polypeptide of the present invention is retrieved in “substantially

pure” form that allows for the effective use of the protein in the applications described herein.

[0143] As used herein, the term “substantially pure” describes a peptide/ polypeptide or other
material which has been separated from its native contaminants. Typically, a monomeric peptide is
substantially pure when at least about 60 to 75% of a sample exhibits a single peptide backbone.
Minor variants or chemical modifications typically share the same peptide sequence. A
substantially pure peptide can comprise over about 85 to 90% of a peptide sample, and can be over
95% pure, over 97% pure, or over about 99% pure. Purity can be measured on a polyacrylamide
gel, with homogeneity determined by staining. Alternatively, for certain purposes high resolution
may be necessary and HPLC or a similar means for purification can be used. For most purposes, a

simple chromatography column or polyacrylamide gel can be used to determine purity.

[0144] The term “purified” does not require the material to be present in a form exhibiting absolute
purity, exclusive of the presence of other compounds. Rather, it is a relative definition. A peptide
is in the “purified” state after purification of the starting material or of the natural material by at

least one order of magnitude, 2 or 3, or 4 or 5 orders of magnitude.
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[0145] In one embodiment, the polypeptides of the present invention are substantially free of
naturally-associated host cell components. The term “substantially free of naturally-associated host
cell components” describes a peptide or other material which is separated from the native
contaminants which accompany it in its natural host cell state. Thus, a peptide which is chemically
synthesized or synthesized in a cellular system different from the host cell from which it naturally

originates will be free from its naturally-associated host cell components.

[0146] In one embodiment, the polypeptide of the present invention can also be synthesized using
in vitro expression systems. In one embodiment, in vitro synthesis methods are well known in the

art and the components of the system are commercially available.
Pharmaceutical compositions

[0147] According to another aspect, the invention provides a pharmaceutical composition
comprising as an active ingredient a therapeutically effective amount of the chimera of the present
invention, and a pharmaceutically acceptable carrier and/or diluents. In some embodiments, the

pharmaceutical composition facilitates administration of a compound to an organism.

[0148] In another embodiment, the pharmaceutical compositions of the invention may be
formulated in the form of a pharmaceutically acceptable salt of the polypeptides of the present
invention or their analogs, or derivatives thereof. In another embodiment, pharmaceutically
acceptable salts include those salts formed with free amino groups such as salts derived from non-
toxic inorganic or organic acids such as hydrochloric, phosphoric, acetic, oxalic, tartaric acids, and
the like, and those salts formed with free carboxyl groups such as salts derived from non-toxic
inorganic or organic bases such as sodium, potassium, ammonium, calcium, ferric hydroxides,

isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, and the like.

[0149] As used herein, the term "carrier” refers to a diluent, adjuvant, excipient, or vehicle with
which the therapeutic compound is administered. Such pharmaceutical carriers can be sterile
liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic origin,
such as peanut oil, soybean oil, mineral oil, sesame oil and the like, polyethylene glycols, glycerin,
propylene glycol or other synthetic solvents. Water is a preferred carrier when the pharmaceutical
composition is administered intravenously. Saline solutions and aqueous dextrose and glycerol
solutions can also be employed as liquid carriers, particularly for injectable solutions. Suitable
pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol,

propylene glycol, water, ethanol and the like. The composition, if desired, can also contain minor
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amounts of wetting or emulsifying agents, or pH buffering agents such as acetates, citrates or
phosphates. Antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; and agents for the adjustment of tonicity such as sodium chloride
or dextrose are also envisioned. The carrier may comprise, in total, from about 0.1% to about

99.99999% by weight of the pharmaceutical compositions presented herein.

[0150] As used herein, the term "pharmaceutically acceptable” means suitable for administration
to a subject, e.g., a human. For example, the term "pharmaceutically acceptable" can mean
approved by a regulatory agency of the Federal or a state government or listed in the U. S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more particularly

in humans.

[0151] In another embodiment, the compositions of the invention take the form of solutions,
suspensions, emulsions, tablets, pills, capsules, powders, gels, creams, ointments, foams, pastes,
sustained-release formulations and the like. In another embodiment, the compositions of the
invention can be formulated as a suppository, with traditional binders and carriers such as
triglycerides, microcrystalline cellulose, gum tragacanth or gelatin. Oral formulation can include
standard carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, etc. Examples of suitable pharmaceutical
carriers are described in: Remington's Pharmaceutical Sciences" by E.W. Martin, the contents of
which are hereby incorporated by reference herein. Such compositions will contain a
therapeutically effective amount of the polypeptide of the invention, preferably in a substantially
purified form, together with a suitable amount of carrier so as to provide the form for proper

administration to the subject.

[0152] According to an embodiment of the invention, pharmaceutical compositions contain 0.1%
- 95% of the chimera(s) of the present invention, derivatives, or analogs thereof. According to
another embodiment of the invention, pharmaceutical compositions contain 1% - 70% of the
chimera(s) derivatives, or analogs thereof. According to another embodiment of the invention, the
composition or formulation to be administered may contain a quantity of chimera(s), derivatives,
or analogs thereof, according to embodiments of the invention in an amount effective to treat the

condition or disease of the subject being treated.

[0153] An embodiment of the invention relates to chimeras of the present invention, derivatives,
or analogs thereof, presented in unit dosage form and prepared by any of the methods well known

in the art of pharmacy. In an embodiment of the invention, the unit dosage form is in the form of a
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tablet, capsule, lozenge, wafer, patch, ampoule, vial or pre-filled syringe. In addition, in vitro assays
may optionally be employed to help identify optimal dosage ranges. The precise dose to be
employed in the formulation will also depend on the route of administration, and the nature of the
disease or disorder, and should be decided according to the judgment of the practitioner and each
patient's circumstances. Effective doses can be extrapolated from dose-response curves derived

from in-vitro or in-vivo animal model test bioassays or systems.

[0154] According to one embodiment, the compositions of the present invention are administered
in the form of a pharmaceutical composition comprising at least one of the active components of
this invention together with a pharmaceutically acceptable carrier or diluent. In another
embodiment, the compositions of this invention can be administered either individually or together
in any conventional oral, parenteral or transdermal dosage form. In some embodiments, the
pharmaceutical composition further comprises at least one anti-inflammatory agent. In some
embodiments, the pharmaceutical composition is adopted for combined administration with an anti-

inflammatory agent.
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[0155] As used herein, the terms “administering,” “administration,” and like terms refer to any
method which, in sound medical practice, delivers a composition containing an active agent to a

subject in such a manner as to provide a therapeutic effect.

[0156] Depending on the location of the tissue of interest, the chimera of the present invention can
be administered in any manner suitable for the provision of the chimeras to cells within the tissue
of interest. Thus, for example, a composition containing the polypeptides of the present invention
can be introduced, for example, into the systemic circulation, which will distribute the peptide to
the tissue of interest. Alternatively, a composition can be applied topically to the tissue of interest
(e.g., injected, or pumped as a continuous infusion, or as a bolus within a tissue, applied to all or a

portion of the surface of the skin, etc.).

[0157] In some embodiments, the pharmaceutical compositions comprising the chimeras are
administered via oral, rectal, vaginal, topical, nasal, ophthalmic, transdermal, subcutaneous,
intramuscular, intraperitoneal or intravenous routes of administration. The route of administration
of the pharmaceutical composition will depend on the disease or condition to be treated. Suitable
routes of administration include, but are not limited to, parenteral injections, e.g., intradermal,
intravenous, intramuscular, intralesional, subcutaneous, intrathecal, and any other mode of
injection as known in the art. Although the bioavailability of peptides administered by other routes

can be lower than when administered via parenteral injection, by using appropriate formulations it
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is envisaged that it will be possible to administer the compositions of the invention via transdermal,
oral, rectal, vaginal, topical, nasal, inhalation and ocular modes of treatment. In addition, it may be
desirable to introduce the pharmaceutical compositions of the invention by any suitable route,
including intraventricular and intrathecal injection; intraventricular injection may be facilitated by
an intraventricular catheter, for example, attached to a reservoir. Pulmonary administration can also

be employed, e.g., by use of an inhaler or nebulizer.

[0158] For topical application, a peptide of the present invention, derivative, analog or a fragment
thereof can be combined with a pharmaceutically acceptable carrier so that an effective dosage is
delivered, based on the desired activity. The carrier can be in the form of, for example, and not by

way of limitation, an ointment, cream, gel, paste, foam, aerosol, suppository, pad or gelled stick.

[0159] For oral applications, the pharmaceutical composition may be in the form of tablets or
capsules, which can contain any of the following ingredients, or compounds of a similar nature: a
binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose; a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as
magnesium stearate; or a glidant such as colloidal silicon dioxide. When the dosage unit form is a
capsule, it can contain, in addition to materials of the above type, a liquid carrier such as fatty oil.
In addition, dosage unit forms can contain various other materials which modify the physical form
of the dosage unit, for example, coatings of sugar, shellac, or other enteric agents. The tablets of

the invention can further be film coated.

[0160] For purposes of parenteral administration, solutions in sesame or peanut oil or in aqueous
propylene glycol can be employed, as well as sterile aqueous solutions of the corresponding water-
soluble salts. Such aqueous solutions may be suitably buffered, if necessary, and the liquid diluent
first rendered isotonic with sufficient saline or glucose. These aqueous solutions are especially

suitable for intravenous, intramuscular, subcutaneous and intraperitoneal injection purposes.

[0161] According to some embodiments, the chimeras of the present invention, derivatives, or
analogs thereof can be delivered in a controlled release system. In another embodiment, an infusion
pump can be used to administer the peptide such as the one that is used, for example, for delivering
insulin or chemotherapy to specific organs or tumors. In another embodiment, the peptides of the
invention are administered in combination with a biodegradable, biocompatible polymeric implant,
which releases the peptide over a controlled period of time at a selected site. Examples of preferred
polymeric materials include, but are not limited to, polyanhydrides, polyorthoesters, polyglycolic

acid, polylactic acid, polyethylene vinyl acetate, copolymers and blends thereof (See, Medical
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applications of controlled release, Langer and Wise (eds.), 1974, CRC Pres., Boca Raton, Fla., the
contents of which are hereby incorporated by reference in their entirety). In yet another
embodiment, a controlled release system can be placed in proximity to a therapeutic target, thus

requiring only a fraction of the systemic dose.

[0162] The presently described chimeras, derivatives, or analogs thereof may also be contained in
artificially created structures such as liposomes, ISCOMS, slow-releasing particles, and other
vehicles which increase the half-life of the peptides or polypeptides in serum. Liposomes include
emulsions, foams, micelles, insoluble monolayers, liquid crystals, phospholipid dispersions,
lamellar layers and the like. Liposomes for use with the presently described peptides are formed
from standard vesicle-forming lipids which generally include neutral and negatively charged
phospholipids and a sterol, such as cholesterol. The selection of lipids is generally determined by
considerations such as liposome size and stability in the blood. A variety of methods are available
for preparing liposomes as reviewed, for example, by Coligan, J. E. et al, Current Protocols in
Protein Science, 1999, John Wiley & Sons, Inc., New York, and see also U.S. Pat. Nos. 4,235,871,
4,501,728, 4,837,028, and 5,019,369.

[0163] The compositions also include incorporation of the active material into or onto particulate
preparations of polymeric compounds such as polylactic acid, polglycolic acid, hydrogels, etc., or
onto liposomes, microemulsions, micelles, unilamellar or multilamellar vesicles, erythrocyte
ghosts, or spheroplasts.) Such compositions will influence the physical state, solubility, stability,

rate of in vivo release, and rate of in vivo clearance.

[0164] In one embodiment, the present invention provides combined preparations. In one
embodiment, “a combined preparation” defines especially a “kit of parts” in the sense that the
combination partners as defined above can be dosed independently or by use of different fixed
combinations with distinguished amounts of the combination partners i.e., simultaneously,
concurrently, separately or sequentially. In some embodiments, the parts of the kit of parts can then,
e.g., be administered simultaneously or chronologically staggered, that is at different time points
and with equal or different time intervals for any part of the kit of parts. The ratio of the total
amounts of the combination partners, in some embodiments, can be administered in the combined
preparation. In one embodiment, the combined preparation can be varied, e.g., in order to cope with
the needs of a patient subpopulation to be treated or the needs of the single patient which different
needs can be due to a particular disease, severity of a disease, age, sex, or body weight as can be

readily made by a person skilled in the art.
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[0165] In one embodiment, it will be appreciated that the peptides of the present invention can be
provided to the individual with additional active agents to achieve an improved therapeutic effect
as compared to treatment with each agent by itself. In another embodiment, measures (e.g., dosing
and selection of the complementary agent) are taken to adverse side effects which are associated

with combination therapies.

[0166] In one embodiment, depending on the severity and responsiveness of the condition to be
treated, dosing can be of a single or a plurality of administrations, with course of treatment lasting
from several days to several weeks or until cure is affected or diminution of the disease state is

achieved.

[0167] In some embodiments, the chimeras are administered in a therapeutically safe and effective
amount. As used herein, the term “safe and effective amount” refers to the quantity of a component
which is sufficient to yield a desired therapeutic response without undue adverse side effects (such
as toxicity, irritation, or allergic response) commensurate with a reasonable benefit/risk ratio when
used in the presently described manner. In another embodiment, a therapeutically effective amount
of the chimera is the amount of the chimera necessary for the in vivo measurable expected
biological effect. The actual amount administered, and the rate and time-course of administration,
will depend on the nature and severity of the condition being treated. Prescription of treatment, e.g.
decisions on dosage, timing, etc., is within the responsibility of general practitioners or specialists,
and typically takes account of the disorder to be treated, the condition of the individual patient, the
site of delivery, the method of administration and other factors known to practitioners. Examples
of techniques and protocols can be found in Remington: The Science and Practice of Pharmacy,
21st Ed., Lippincott Williams & Wilkins, Philadelphia, Pa., (2005). In some embodiments,
preparation of effective amount or dose can be estimated initially from in vitro assays. In one
embodiment, a dose can be formulated in animal models and such information can be used to more

accurately determine useful doses in humans.

[0168] In one embodiment, toxicity and therapeutic efficacy of the active ingredients described
herein can be determined by standard pharmaceutical procedures in vitro, in cell cultures or
experimental animals. In one embodiment, the data obtained from these in vitro and cell culture
assays and animal studies can be used in formulating a range of dosage for use in human. In one
embodiment, the dosages vary depending upon the dosage form employed and the route of
administration utilized. In one embodiment, the exact formulation, route of administration and
dosage can be chosen by the individual physician in view of the patient's condition. [See e.g., Fingl,

et al., (1975) "The Pharmacological Basis of Therapeutics”, Ch. 1 p.1].
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[0169] Pharmaceutical compositions containing the presently described polypeptide as the active
ingredient can be prepared according to conventional pharmaceutical compounding techniques.
See, for example, Remington's Pharmaceutical Sciences, 18th Ed., Mack Publishing Co., Easton,
Pa. (1990). See also, Remington: The Science and Practice of Pharmacy, 21st Ed., Lippincott
Williams & Wilkins, Philadelphia, Pa. (2005).

[0170] In one embodiment, compositions including the preparation of the present invention
formulated in a compatible pharmaceutical carrier are prepared, placed in an appropriate container,

and labeled for treatment of an indicated condition.

[0171] In one embodiment, compositions of the present invention are presented in a pack or
dispenser device, such as an FDA approved kit, which contain one or more unit dosages forms
containing the active ingredient. In one embodiment, the pack, for example, comprises metal or
plastic foil, such as a blister pack. In one embodiment, the pack or dispenser device is accompanied
by instructions for administration. In one embodiment, the pack or dispenser is 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 compositions or human or veterinary administration. Such notice, in one
embodiment, is labeling approved by the U.S. Food and Drug Administration for prescription drugs

or of an approved product insert.
Use of the compositions

[0172] According to some embodiments, the invention provides a method for reducing or
inhibiting inflammation, an immune response, or both, in a subject in need thereof, comprising the
step of administering to said subject a composition comprising an effective amount of the chimera
of the invention, thereby reducing or inhibiting inflammation, an immune response, or both in said
subject. In other embodiments, the method of the invention is useful for treating a T cell-mediated

disease, particularly a Th1l cell-mediated disease.

[0173] According to some embodiments, the inflammatory disease, includes but is not limited to
inflammatory or allergic diseases such as asthma, hypersensitivity lung diseases, hypersensitivity
pneumonitis, delayed-type hypersensitivity, interstitial lung disease (ILD) (e.g., idiopathic
pulmonary fibrosis, or ILD associated with rheumatoid arthritis or other inflammatory diseases);
scleroderma; psoriasis (including T-cell mediated psoriasis); dermatitis (including atopic dermatitis
and eczematous dermatitis), iritis, conjunctivitis, keratoconjunctivitis, cutaneous lupus

erythematosus, scleroderma, vaginitis, proctitis, drug eruptions, allergic encephalomyelitis, acute
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necrotizing hemorrhagic encephalopathy, idiopathic bilateral progressive sensorineural hearing
loss, aplastic anemia, pure red cell anemia, idiopathic thrombocytopenia, polychondritis, Graves
ophthalmopathy and primary biliary cirrhosis. Each possibility represents a separate embodiment

of the present invention.

[0174] In other embodiments, the chimera of the invention is useful for treating an autoimmune
disease, including but not limited to: multiple sclerosis (MS), autoimmune neuritis, systemic lupus
erythematosus (SLE), psoriasis, Type 1 diabetes (IDDM), Sjogren's disease, thyroid disease,
myasthenia gravis, sarcoidosis, autoimmune uveitis, inflammatory bowel disease (Crohn's and
ulcerative colitis), atherosclerosis, primary biliary cirrhosis (PBC), or autoimmune hepatitis,

rheumatoid arthritis. Each possibility represents a separate embodiment of the present invention.

[0175] In other embodiments, the chimera of the invention is useful for treating graft rejection,

including allograft rejection or graft-versus-host disease.

[0176] According to another embodiment, said reducing or inhibiting inflammation, an immune

response, or both is inhibiting TL1A-mediated disease.

[0177] According to another embodiment, said reducing or inhibiting inflammation, an immune
response, or both is inhibiting TL1A-induced IFN-y secretion in said subject. The term "reducing

inflammation” as used herein, refer to a statistically significant reduction in inflammation.

[0178] According to another embodiment, the subject is afflicted with a chronic inflammatory
disease. According to another embodiment, the subject is afflicted with an inflammatory bowel
disease. According to another embodiment, the subject is afflicted with psoriasis. According to
another embodiment, said subject is afflicted with an autoimmune disease. According to another
embodiment, said subject is afflicted with asthma. According to another embodiment, said subject

is afflicted with arthritis. According to another embodiment, said subject is afflicted with colitis.

[0179] According to some aspects, there is provided a method for treating, ameliorating, reducing
and/or preventing inflammation, an immune response, or both in a subject in need thereof, the
method comprising the step of: administering to a subject a pharmaceutical composition comprising
an effective amount of the chimeras of the invention, thereby treating, ameliorating, reducing
and/or preventing an inflammation, an immune response, or both in a subject in need thereof. In
some embodiments, the method further comprises a step of administering a therapeutically effective

amount of at least one anti-inflammatory agent.
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[0180] According to some embodiments, there is provided a method for treating, ameliorating,
reducing and/or preventing an inflammation, an immune response, or both in a subject in need

thereof, the method comprising administering to the subject any one of:
@) the chimera of the invention;
(i1) the expression vector of the invention; or
(ii1))  the pharmaceutical composition of the invention,

thereby treating, ameliorating, reducing and/or preventing an inflammation, an immune response,

or both in said subject.

[0181] In another embodiment, the chimera of the invention or a composition comprising the
chimera is for use in treatment, amelioration, reduction, and/or prevention of inflammation, an
immune response, or both in a subject in need thereof. In some embodiments, there is provided a
composition comprising an effective amount of the chimera of the invention for use in the treatment
or prevention of inflammation, an immune response, or both in a subject in need thereof. In some
embodiments, there is provided a composition comprising an effective amount of an amino acid
molecule comprising the amino acid sequence selected from the group consisting of SEQ ID NOs:
8 to 29 for use in the treatment or prevention of an inflammation, an immune response, or both in
a subject in need thereof. In some embodiments, there is provided a composition comprising an
effective amount of an amino acid molecule comprising the amino acid sequence selected from the
group consisting of SEQ ID NOs: 8 to 18 for use in the treatment or prevention of an inflammation,
an immune response, or both in a subject in need thereof. In some embodiments, there is provided
a composition comprising an effective amount of an amino acid molecule comprising the amino
acid sequence selected from the group consisting of SEQ ID NOs: 19 to 29 for use in the treatment

or prevention of an inflammation, an immune response, or both in a subject in need thereof.

[0182] In some embodiments, there is provided a use of a composition comprising an effective
amount of chimera of the invention in the preparation of a medicament for the treatment,
amelioration, reduction, or prevention of an inflammation, an immune response, or both in a subject

in need thereof.

[0183] In one embodiment, the chimera of the present invention is provided to the subject per se.
In one embodiment, the chimera of the present invention is provided to the subject as part of a
pharmaceutical composition where it is mixed with a pharmaceutically acceptable carrier. In one

embodiment, one or more of the chimeras of the present invention are provided to the subject as
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part of a pharmaceutical composition where they are mixed with a pharmaceutically acceptable

carrier.

[0184] The term "subject" as used herein refers to an animal, more particularly to non-human
mammals and human organism. Non-human animal subjects may also include prenatal forms of
animals, such as, e.g., embryos or fetuses. Non—limiting examples of non-human animals include:
horse, cow, camel, goat, sheep, dog, cat, non-human primate, mouse, rat, rabbit, hamster, guinea
pig, pig. In one embodiment, the subject is a human. Human subjects may also include fetuses. In
one embodiment, a subject in need thereof is a subject afflicted with and/or at risk of being afflicted

with an inflammation, an immune response, or both.

[0185] As used herein, the terms “treatment” or “treating” of a disease, disorder, or condition
encompasses alleviation of at least one symptom thereof, a reduction in the severity thereof, or
inhibition of the progression thereof. Treatment need not mean that the disease, disorder, or
condition is totally cured. To be an effective treatment, a useful composition herein needs only to
reduce the severity of a disease, disorder, or condition, reduce the severity of symptoms associated

therewith, or provide improvement to a patient or subject’s quality of life.

[0186] As used herein, the term “prevention” of a disease, disorder, or condition encompasses the
delay, prevention, suppression, or inhibition of the onset of a disease, disorder, or condition. As
used in accordance with the presently described subject matter, the term "prevention" relates to a
process of prophylaxis in which a subject is exposed to the presently described peptides prior to the
induction or onset of the disease/disorder process. This could be done where an individual has a
genetic pedigree indicating a predisposition toward occurrence of the disease/disorder to be
prevented. For example, this might be true of an individual whose ancestors show a predisposition
toward certain types of, for example, inflammatory disorders. The term "suppression” is used to
describe a condition wherein the disease/disorder process has already begun but obvious symptoms
of the condition have yet to be realized. Thus, the cells of an individual may have the
disease/disorder, but no outside signs of the disease/disorder have yet been clinically recognized.
In either case, the term prophylaxis can be applied to encompass both prevention and suppression.
Conversely, the term "treatment" refers to the clinical application of active agents to combat an

already existing condition whose clinical presentation has already been realized in a patient.

[0187] As used herein, the term "condition" includes anatomic and physiological deviations from
the normal that constitute an impairment of the normal state of the living animal or one of its parts,

that interrupts or modifies the performance of the bodily functions.
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[0188] Any concentration ranges, percentage range, or ratio range recited herein are to be
understood to include concentrations, percentages or ratios of any integer within that range and

fractions thereof, such as one tenth and one hundredth of an integer, unless otherwise indicated.

[0189] Any number range recited herein relating to any physical feature, such as polymer subunits,
size or thickness, are to be understood to include any integer within the recited range, unless

otherwise indicated.

[0190] As used herein, the terms “subject” or “individual” or “animal” or “patient” or “mammal,”
refers to any subject, particularly a mammalian subject, for whom therapy is desired, for example,

a human.

[0191] In the discussion unless otherwise stated, adjectives such as “substantially” and “about”
modifying a condition or relationship characteristic of a feature or features of an embodiment of
the invention, are understood to mean that the condition or characteristic is defined to within
tolerances that are acceptable for operation of the embodiment for an application for which it is
intended. Unless otherwise indicated, the word “or” in the specification and claims is considered
to be the inclusive “or” rather than the exclusive or, and indicates at least one of, or any combination

of items it conjoins.

[0192] It should be understood that the terms “a” and “an” as used above and elsewhere herein
refer to “one or more” of the enumerated components. It will be clear to one of ordinary skill in the
art that the use of the singular includes the plural unless specifically stated otherwise. Therefore,

29 CC

the terms “a,” “an” and “at least one” are used interchangeably in this application.

[0193] For purposes of better understanding the present teachings and in no way limiting the scope
of the teachings, unless otherwise indicated, all numbers expressing quantities, percentages or
proportions, and other numerical values used in the specification and claims, are to be understood
as being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached claims are
approximations that may vary depending upon the desired properties sought to be obtained. At the
very least, each numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques.

[0194] In the description and claims of the present application, each of the verbs, “comprise,”
“include” and “have” and conjugates thereof, are used to indicate that the object or objects of the
verb are not necessarily a complete listing of components, elements or parts of the subject or

subjects of the verb.
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[0195] Other terms as used herein are meant to be defined by their well-known meanings in the art.

[0196] Additional objects, advantages, and novel features of the present invention will become
apparent to one ordinarily skilled in the art upon examination of the following examples, which are
not intended to be limiting. Additionally, each of the various embodiments and aspects of the
present invention as delineated hereinabove and as claimed in the claims section below finds

experimental support in the following examples.

[0197] It 1s appreciated that certain features of the invention, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the invention, which are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any suitable sub-combination or as
suitable in any other described embodiment of the invention. Certain features described in the
context of various embodiments are not to be considered essential features of those embodiments,

unless the embodiment is inoperative without those elements.
EXAMPLES

[0198] Generally, the nomenclature used herein and the laboratory procedures utilized in the
present invention include molecular, biochemical, microbiological and recombinant DNA
techniques. Such techniques are thoroughly explained in the literature. See, for example,
"Molecular Cloning: A laboratory Manual" Sambrook et al., (1989); "Current Protocols in
Molecular Biology" Volumes I-III 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 U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and 5,272,057; "Cell
Biology: A Laboratory Handbook", Volumes I-III Cellis, J. 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-III Coligan J. E., ed. (1994); Stites et al. (eds), "Basic and
Clinical Immunology" (8th Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi
(eds), "Strategies for Protein Purification and Characterization - A Laboratory Course Manual"
CSHL Press (1996); "Bacteriophage Methods and Protocols”, Volume 1: Isolation,
Characterization, and Interactions, all of which are incorporated by reference. Other general

references are provided throughout this document.
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Materials and methods

[0199] Generation of plasmids. The E. coli E. Clooni strain (Lucigen) was used for cloning and
plasmid extraction. The A1 and A2 were constructed by PCR amplification from ProTACE3mut
(Wong E et al., (2015)) and pFUSE-DR3 (H3 variant). The resulting fragments were purified and
assembled by a secondary PCR to form H3-linker-6xHis-proTACE (A2) and proTACE-linker-
6xHis-H3 (A1). The assembled proTACE and H3 fragments were digested and cloned into pFUSE-
hlgGle3-Fc (Invivogen) with Ncol and BgllI to yield an open reading frame coding for a signal
peptide followed by H3-linker-6xHis-TACE-Fc (A2) and TACE-linker-6xHis-H3-Fc (A1).

[0200] Cell Culture. H293F were grown in Freestyle media with 1x Pen/strep solution (Biological
Industries, Beit-Haemek, Israel), at 37 °C, 8% CO2 with shaking. PBL were grown at a
concentration of 1 x 10%ml in RPMI 1640, with 10% FBS, 2 mM Glutamine, 1 x Pen/strep solution
(Biological Industries, Beit-Haemek, Israel) supplemented with 10% heat inactivated FBS
(Biological Industries, Beit-Haemek, Israel). TF-1 Cells (ATCC — CRL2003) were grown in RPMI
supplemented with 10% FBS (Biological Industries, Beit-Haemek, Israel), 2 mM Glutamine
(Biological Industries, Beit-Haemek, Israel), 2 mM GM-CSF (Peprotech), 1 x Pen/step solution
(Biological Industries, Beit-Haemek, Israel). The culture was maintained between 3 x 10* and

5 x 10° viable cells/ml .

[0201] Large scale protein expression and purification. Purification of proTACE: pMALC2
containing proTACE3mut was transformed into E. coli Rosetta strain (Novagen) and grown over
night on LB agar with 100 pg/ml ampicillin and 30 pg/ml chloramphenicol. One colony was used
to inoculate a 10 milliliters starter and then transferred into 200 ml LB 100 pg/ml ampicillin and
30 pg/ml chloramphenicol, the culture was allowed to grow till it reached absorbance of 0.6 at 600
nm and then IPTG was added to a final concentration of 0.4 mM, and the culture was grown at
15 °C, 250 rpm overnight. The cells were centrifuged at 3,220 rcf for 15 minutes and 100 ml lysis
buffer containing 50 mM TRIS pH 8.0, 300 mM sodium chloride, 20 mM imidazole, and
0.05 mg/ml lysozyme, 1,250 U benzonaze, 20 nl protease Inhibitor cocktail II (CalBioChem) was
added for 30 minutes incubation on ice. The lysate was then sonicated and centrifuged at 10,000
rcf, 4 °C for 1 hour. The supernatant was then removed and filtered through a 0.45 pm filter
(Millipore) and the extract was loaded into a column containing Ni-NTA Agarose resin (Thermo
scientific) that was pre-equilibrated with wash buffer containing 50 mM Tris pH 8.0, 300 mM
sodium chloride and 20mM imidazole. Subsequently the column was washed with 4 column
volume (CV) of wash buffer and the sample was eluted and fractionated by applying 2 CV of 50
mM Tris pH 8.0, 300 mM sodium chloride and 250 mM imidazole. The eluted sample was analyzed
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by SDS-PAGE, dialyzed twice against 50 mM Tris at pH 8.0 at 4 °C, flash frozen in liquid nitrogen
and stored in -80 °C.

[0202] Purification of Al and A2. HEK293F cells were grown in Freestyle serum free media
(Invitrogen) and were transiently transfected using Genetran III (Biomiga) as recommended by the
manufacturer and the transfected cells were incubated with shaking at 37 °C at 8% COz incubator.
Next, 7 days post transfection the cell media was collected, filtered and loaded into a Ni-NTA
Agarose resin (Thrmo scientific) column pre-equilibrated with 50 mM Tris pH 8.0, 300 mM NaC(l
and 20 mM imidazole. The column was then washed with 20 CV of 50 mM Tris pH 8.0, 300 mM
NaCl, 20 mM imidazole. The protein was eluted with 3 CV 50 mM Tris pH 8.0, 300 mM NacCl,
500 mM imidazole. The eluted fractions were analyzed by SDS-PAGE, and selected fractions were

dialyzed twice against 50 mM Tris pH 8.0, flash frozen in liquid nitrogen and stored at -80 °C.

[0203] Western blot analysis. Cell culture media was collected 7 days post transfection, run on
10% Tris-Glycine gel and transferred to a PVDF membrane. The membrane was blocked with PBS,
3% skim milk (Sigma) and washed three times with PBS 0.05% Tween-20 (Sigma) (PBST) and
incubated over night with 1.3 pg/ml Goat Anti Human IgG (Jackson Immunoresearch) or 0.1 pg/ml
Anti DR3 Biotin (R&D biosystems). Subsequently the membrane was washed three times with
PBST and incubated for 1 hour with 0.08 pg/ml Horse Reddish Peroxidase (HRP) conjugated
Donkey Anti-Goat or 0.1 pg/ml HRP conjugated streptavidin (Jackson Immunoresearch). The
membrane was developed with EZ-ECL (Biological industries, Israel) and analyzed using

FusionFX (Vilber Lourmat).

[0204] ELISA assay for monitoring TL1A-DR3 interaction. ELISA plates (Griener Microlon 96W)
were incubated with 100 pl of 0.66 pg/ml monoclonal mouse a-TL1A antibodies (Santa Cruz) for
1 hour, washed with PBST and 100 pl of 1 pg/ml TL1A (peprotech), were added to the plate for
an additional hour. The plates were then washed with PBST and blocked by incubation with 150 pl
of PBS supplemented with 3% skim milk for 1 hour. Following blocking, the plates were washed
and incubated with 100 pl of media of HEK293T transfected with H3 or A2 variants harvested 72
hours post transfection, ELISA plates were shaken for additional hour. DR3-Fc (R&D Systems)
was added at a concentration of 2 pg/ml as a positive control, and PBS supplemented with 1% BSA
served as a negative control. Plates were then washed with PBST, incubated with 100 pl of
0.05 pg/ml of biotinylated goat polyclonal a-DR3 antibodies (R&D Systems), followed by
incubation with secondary peroxidase-conjugated streptavidin (Jackson, 1:10,000 dilution).

Finally, 100 pl of horseradish peroxidase (HRP) chromogenic 3,3°,5,5 -tetramethylbenzidine
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(TMB) substrate solution (Dako) were added. The reaction was stopped by the addition of 1 M

sulfuric acid and recorded at 450 nm using a Tecan Infinite M200 plate reader.

[0205] TACE in-vitro activity assay. Recombinant human ADAMI17/TACE (R&D Systems) was
diluted as recommended by the manufacturer to a final concentration of 2.85 nM and the A2 or
proTACE were added in various concentrations, the mixture was incubated for 5 minutes at RT.
Then 10 uM fluorogenic Peptide Substrate Mca-PLAQAV-Dpa-RSSSR-NH2 (R&D systems) was
added, and cleavage of the fluorogenic substrate from the Dpa quencher was monitored in Tecan

infinite M200 plate reader with excitation set at 320 nm and emission set at 405 nm.

[0206] Mouse peritoneal macrophages cell-based assay of TNF-o secretion inhibition. Mouse
peritoneal macrophage cells were harvest, 4 days post Thioglycollate injection, and incubated
overnight in RPMI 1640, with 10% FBS 2 mM Glutamine, 1 x Pen/strep solution (Biological
Industries, Beit-Haemek, Israel) supplemented with 10% heat inactivated FBS (Biological
Industries, Beit-Haemek, Israel). Macrophages medium was replaced and 2.5 ng/ml LPS and 1 uM
A2 or proTACE were added and incubated for three hours at 37 °C. The macrophages medium was
collected and the TNF-o in the medium was determined using mouse TNF-a DueSet ELISA kit

(R&D systems) as recommended by the manufacturer.

[0207] PBL cell-based assay for the inhibition of TL1A-induced IFN-y secretion. PBMC were
isolated from blood of normal healthy volunteers using Histopaque®-1077 (Sigma) according to
the manufactures instructions. The PBL fraction was isolated following incubation of the PBMC
in complete RPMI in a flask at 37 °C for overnight and the non-adherent fraction was designated
as PBL. For determining soluble DR3 inhibition of TL1A induced IFN-y secretion, PBL cells were
incubated in RPMI containing 10% FBS with IL-12 (2 ng/ml), IL-18 (50 ng/ml), TL1A (200 ng/ml)
and A2 or H3 at the indicated concentrations for 48 h. The cultured media was collected and the
levels of IFN-y were quantitated using a commercial ELISA kits (PeproTech) according to

manufacturer description.

[0208] TF-1 cell-based assay for the inhibition of TL1A-induced apoptosis. TF-1 cells were seeded
at 75,000 cells/well (7.5 x 10°/ml) in RPMI medium containing 1% FBS (Biological Industries,
Beit-Haemek, Israel), in a black 96-well plate with clear bottom (Greiner bio-one) at a final volume
of 100 pl. Next, 100 ng/ml TL1A, 10 pg/ml cycloheximide and A2, H3 or proTACE were added.
After six hours 100 pl of lysis buffer (50 mM HEPES pH 7.35, 1 mM EDTA, 1% NP-40 detergent,
25 uM DEVD-AMC) was added to each well, and cleavage of DEVD-AMC by caspase-3 was
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monitored for 60 minutes in a Tecan Infinite M200 plate reader with excitation and emission set at

350 nm and 450 nm, respectively.

[0209] Flow cytometer binding assay of A2 to TF-1 cell. TF-1 cells (1.5 x 10°) in a volume of
150 pl were incubated with the indicated concentrations of A2, H3 or A2 and proTACE in RPMI
1% FBS for 1 hour at 37 °C. Next, the cells were centrifuged at 200 rcf for 5 minutes at 4 °C and
washed three times with 200 pl PBS, 1% BSA. The washed cells were re-suspended in 50 ul PBS
containing 1% BSA and a final concentration of 10 pg/ml goat anti-human IgG Allophycocyanin
(APC) conjugate (Jackson immuneresearch) research was added. The cells were incubated for
30 minutes at RT in the dark and then washed three times with PBS containing 1% BSA. The cells
where resuspended in 500 pl of PBS containing 1% BSA and analyzed on a Acuri C6 flow

cytometer (BD Biosciences).
EXAMPLE 1
Generation of bi-specific DR3-pTACE inhibitor

[0210] For the generation of bi-specific DR3-pTACE inhibitor, an engineered DR3 mutant, termed
H3, which exhibits improved TL1A binding affinity and higher stability relative to the WT soluble
DR3 receptor, was used. International patent application No. W0O2015166486, which is hereby
incorporated by reference in its entirety, teaches that the H3 variant having SEQ ID NO: 31 showed
higher inhibition of TL1A induced interferon gamma (IFN-y) secretion from CD4* cells (Fig. 8A).
In order to validate those findings, cells were incubated for 72 hours with 100 ng/ml TL1A, 20
ng/ml IL-12 and 50 ng/ml IL-18 and different concentrations of soluble DR3 WT, H3 and O6
receptors. The 1:10 diluted cell supernatant was analyzed by ELISA for detection of IFN-vy levels.

[0211] It was further demonstrated that H3 and O6 DR3 mutants are more potent in inhibiting
TL1A-induced apoptosis in TF-1 cells than the WT DR3 (Fig. 8B). To this end, cells were
inoculated for six hours with 8 mg/ml cyclohexamide (CHX) and 75 ng/ml TL1A and the indicated
concentration of soluble DR3 WT, H3 and O6 receptors. Following six hours of incubation, lysis
buffer containing the caspase 3 fluorescent substrate DEVD-AMC was added and caspase-3

activity was monitored for 10 minutes.

[0212] For TACE inhibition, a pTACE domain containing mutations at the natural furin cleavage
site, was used. The pTACE domain, expressed and purified from E. coli, was previously shown to
exhibit significant inhibition of TACE both in vitro and on cell membrane (Figs. 2B and 3). The
generated bi-specific inhibitor consists of three major domains: the pTACE and H3 that specifically
bind TACE and TL1A, respectively, and an Fc domain derived from human IgG1. The role of the
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Fc domain is to extend the serum half-life of the inhibitor and to promote dimerization of the bi-
specific proTACE-H3 inhibitor. To test different constructs for optimizing protein expression in
mammalian cell line, two bi-specific inhibitors consistent of pTACE-H3-Fc and H3-pTACE-Fc
(termed A1 and A2, respectively, Fig. 1A) were generated. Both constructs contain a 16 residues
flexible linker containing a six-histidine tag (SEQ ID NO: 4 (GPQGIAGQHHHHHHDY)) between
the pTACE/H3 and H3/pTACE to facilitate protein purification. These constructs were cloned into
a mammalian expression vector containing a signal peptide to facilitate the secretion of the inhibitor

into the growth media.

[0213] To facilitate protein expression and purification, the A1 and A2 bi-specific inhibitors were
transiently transfected and expressed in HEK293F cells in serum free media for seven days (see
Materials and Methods for details). Western blot analysis demonstrated that the DR3-pTACE-Fc
(A2) is expressed and secreted much better than the pTACE-DR3-Fc (A1) (Fig. 1B). The presence
of the H3 domain was further verified by western blot analysis with polyclonal antibodies against
the DR3 domain of the protein (Fig. 1C). To test whether the A2 is secreted as an active protein,
the supernatant of HEK293F containing the A2 protein was subjected to a TL1A ELISA binding
assay (see Materials and Methods for details). It was found that the secreted A2 exhibits high TL1A
binding signal that is dose dependent (Fig. 1D). Next, the A2 was purified on Ni-NTA beads and
the pure A2 migrated on an SDS-PAGE gel as a band of ~100kDa, higher than the calculated 70

kDa, suggesting that protein undergo significant posttranslational modifications (Fig. 1E).
EXAMPLE 2
Biochemical activity of bi-specific inhibitors

[0214] To examine whether the bi-specific inhibitor containing the H3 and pTACE domains is
fully functional, the biochemical activity of both inhibitory domains relative to the respective
mono-specific inhibitors was examined. Binding analysis was performed by ELISA using plates
that were pre-coated with TL1A to examine A2 binding to TL1A relative to the purified mono-
specific H3 variant. Results demonstrated that the pure bi-specific A2 and H3 proteins exhibit
similar dose dependent binding to immobilized TL1A suggesting that A2 maintains full TLTA
binding activity relative to H3 (Fig. 2A).

[0215] To test the ability of A2 pTACE domain to inhibit TACE proteolytic activity, an activity
assay for TACE using a fluorogenic peptide substrate derived from TACE cleavage site in TNFa
was established. Next, increased A2 concentrations were added to TACE and the reduction in

enzymatic proteolytic activity toward the peptide substrate was measured and compared to the
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bacterial pT ACE mono-specific inhibitor. Results demonstrated that A2 and pTACE exhibit similar
TACE inhibition up to a concentration of 3.5 pM of inhibitor (Fig. 2B). Full inhibition with the
bacterial pTACE was observed at a concentration of 30 uM, a concentration that was beyond the
production capacity of our mammalian cell expression system. Overall, these results demonstrate
that the bi-specific A2 inhibitor maintains full activity capable of efficient TL1A binding and
TACE inhibition.

EXAMPLE 3
Cell based assays for the bi-specific A2 inhibitor

[0216] In vivo TACE activity involves proteolytic shedding of pro-inflammatory cytokines and
growth factors located on the cell membrane. Previously, macrophages were shown to respond to
LPS by activating TACE cleavage of membrane bound proTNF-a leading to the release of soluble
TNF-o. To examine the ability of A2 to inhibit TACE TNF-a “shedase” activity, the levels of TNF-
a released from mouse peritoneal macrophages were tested in the absence or presence of A2 and
pTACE. To this end, mouse peritoneal macrophages were stimulated for 3 hours with LPS at a
concentration of 2.5 ng/ml with or without 1 [JM A2 or proTACE. Media supernatant was analyzed
by ELISA for detection of TNF-a levels, the TNF-a values were calculated according to TNF-a

calibration curve, *P<0.05.

[0217] Results demonstrated that A2 and pTACE exhibit similar reduction in the level of TNF-q

released to the medium compared to control cells (Fig. 3).

[0218] Next, the ability of the H3 and A2 to inhibit TL1A induced cytokine secretion from immune
cells was examined and compared. It is known in the art that TL1A cooperates with IL-12 and IL-
18 to induce IFN-y secretion from peripheral blood lymphocytes (PBL). This cell base assay was
first utilized to examine the ability of a specific soluble DR3 variant ('H3") to inhibit TL1A induced
IFN-v secretion by competing with the endogenous DR3 cell surface receptor was compared to that
of WT soluble DR3 (SEQ ID NO: 1). Results demonstrated that H3 showed higher inhibition of
TLI1A induced IFN-y secretion from CD47 cells, relative to the WT receptor (Fig 4A). Next, the
cell-based assay was utilized to examine the ability of A2 and a specific soluble DR3 variant ('H3")
to inhibit TL1A induced IFN-y secretion by competing with the endogenous DR3 cell surface
receptor. To this end, cells were incubated for 72 hours with 200 ng/ml TL1A, 20 ng/ml IL-12 and
50 ng/ml IL-18 and different concentrations of A2 and H3 inhibitors. Next, a 1:10 diluted cell
supernatant was analyzed by ELISA for detection of IFN-y levels. The IFN-y values were

calculated according to an IFN-y calibration curve. Results demonstrate that A2 exhibits more than
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3-fold higher potency in inhibiting TL1A induced IFN-y secretion from PBL relative to H3 mono-
specific inhibitor (Fig. 4A). These results highlight the great potency of A2 in inhibiting TL1A
induced IFN-y secretion from PBL and indicates a possible synergism between the H3 and pTACE

in this assay.

[0219] To further examine the synergism between H3 and pTACE in inhibiting TL1A, a second
cell-based assay was employed. TL1A was shown to significantly enhance cyclohexamide (CHX)
induced apoptosis in TF-1 cells detected by the increase in caspase-3 activity toward the DEVD-
AMC fluorescent substrate (Figs. 4B and 5). Previously, this assay was utilized to demonstrate that
the addition of increasing concentrations of H3 led to a potent inhibition of TL1A induced apoptosis
in TF-1 cells. Here, this cell-based assay was utilized to compare the potency of A2 and H3 in
inhibiting TL1A induced apoptosis of TF1 cells. To this end, cells were inoculated for six hours
with 8 pg/ml cyclohexamide (CHX) and 75 ng/ml TL1A and the indicated concentration of A2 and
H3 receptors. Following six hours of incubation, lysis buffer containing the caspase-3 fluorescent

substrate DEVD-AMC was added, and enzyme activity was monitored for 10 minutes.

[0220] Results demonstrated that A2 inhibits TL1A induced apoptosis at a significantly lower
concentration than the H3 mono-specific inhibitor (Fig. 4B). Surprisingly, it was demonstrated that
while H3 completely inhibits TL1A induced apoptosis at a concentration 244 nM, the A2 led to a
complete inhibition at a concentration of 3 nM reflecting a more than 80-fold increase in potency

(Fig. 4B).
EXAMPLE 4
The synergism between H3 and pTACE in inhibiting TL1A induced apoptosis

[0221] The increased potency of the bi-specific A2 inhibitor relative to the H3 indicates a strong
synergism between the H3 and the pTACE domains in A2. One possible mechanism for such
synergism is the independent activity of the pTACE domain in preventing TL1A induced apoptosis
of the TF-1 cells due to direct TACE inhibition. Previously, TACE was reported to be involved in
inducing apoptosis in germ cells and neutrophils and its chemical inhibition resulted in reduced
apoptosis. To test whether A2 inhibits apoptosis through direct TACE inhibition, the inventors
examined the levels of TL1A induced apoptosis following cell incubation with a wide range of the
mono-specific pTACE concentrations. It was found that pTACE did not lead to the inhibition of
TL1A induced TF-1 apoptosis under the assay conditions suggesting that the high potency of A2
is not due to direct TACE inhibition (Fig. 5).
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[0222] An alternative mechanism for increasing the potency of A2 is by targeting the bi-specific
inhibitor to the cell membrane leading to a significantly enhanced local concentration of the
inhibitor on the membrane. To test this hypothesis, the inventors examined the binding of A2 to the
TF-1 cell membrane following cell incubation with A2 and H3. Binding was analyzed by cell
labeling with allophycocyanin (APC) fluorescent anti-human Fc. Flow cytometry analysis of the
labeled cells showed that while H3 binds very weakly to the TF-1 cells, A2 binds cells very
efficiently providing direct evidence for the targeting of A2 to the cell membrane (Fig. 6A). To
show that A2 binds cells through its pTACE domain, a competition experiment was performed.
TFE-1 cells were incubated with A2 and pTACE domain that lacks an Fc region. The resulting cell
population was labeled with APC-conjugated anti-Fc antibody and analyzed by flow cytometry. A
significant decrease in the mean cell fluorescence was observed, suggesting that pTACE domain

can compete with A2 for binding to the cells (Figs. 6B and 6C).

[0223] Without limiting the invention to any mechanism of action, the results support a model in
which the increased potency of A2 in inhibiting TL1A induced TF-1 apoptosis may be, at least
partially, attributed to increased local concentration of the bi-specific inhibitor on the cell
membrane (Figs. 7A-B). Since TL1A signals through binding to the endogenous DR3 cell surface
receptor, enhanced local concentration of the soluble DR3 domain in A2 on the cell membrane can

increase the potency of TL1A inhibition.

[0224] Although the invention has been described in conjunction with specific embodiments
thereof, it is 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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CLAIMS

1. A chimeric polypeptide comprising a first moiety and a second moiety, said first moiety
comprising an amino acid sequence having at least 90% identity to SEQ ID NO: 2 or an
analog, or a fragment thereof, wherein said amino acid sequence comprises at least one amino
acid substitution at a position selected from the group consisting of: H15, 118, E38, V47,
D51, W56, N61, A65, K93, Q101, Q104 and L129; and said second moiety comprises an
amino acid sequence having at least 90% identity to SEQ ID NO: 40 or an analog, or a
fragment thereof, wherein said amino acid sequence comprises at least one amino acid

substitution at a position selected from the group consisting of: R35, K36, R37.

2. The chimeric polypeptide of claim 1, wherein said second moiety further comprises at least
one amino acid substitution at a position selected from the group consisting of: C163, R190,

and R193.

3. The chimeric polypeptide of claim 1, wherein said first moiety is capable of binding TNF-
like ligand 1A (TL1A) and inhibiting or reducing at least one of TL1A mediated IFN-gamma

secretion and TL1A mediated apoptosis.

4. The chimeric polypeptide of any one of claims 1-2, wherein said second moiety is capable

of inhibiting or reducing the catalytic activity of TNFa Converting Enzyme (TACE).

5. The chimeric polypeptide of claim 1, wherein said first moiety comprises an amino acid

sequence selected from the group consisting of: SEQ ID NOs: 30-38.

6. The chimeric polypeptide of claim 1, wherein said second moiety comprises an amino acid

sequence selected from the group consisting of: SEQ ID NOs: 41-46.

7. The chimeric polypeptide of any one of claims 1-6, wherein said second moiety and said first

moiety are attached via a first peptide linker.

8. The chimeric polypeptide of claim 7, wherein said first peptide linker comprises an amino
acid sequence selected from SEQ ID NO: 3 (HHHHHH), SEQ ID NO: 4
(GPQGIAGQHHHHHHDY), and SEQ ID NO: 5 (IEGRMDRS).

9. The chimeric polypeptide of claim 1, further comprising a third moiety capable of facilitating

homodimerization of the chimera.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The chimeric polypeptide of claim 9, wherein said third moiety comprises a peptide of the

fragment crystallizable (Fc) region of an antibody.

The chimeric polypeptide of claim 10, wherein said peptide of the fragment crystallizable

(Fc) region of an antibody comprises the amino acid sequence as set forth in SEQ ID NO: 6.

The chimeric polypeptide of any one of claims 9-11, wherein said third moiety is attached to

anyone of said first moiety and said second moiety via a second peptide linker.

The chimeric polypeptide of claim 12, wherein said second peptide linker comprises the

amino acid sequence of SEQ ID NO: 5 (IEGRMDRS).

The chimeric polypeptide of claim 1, comprising an amino acid sequence having at least 90%
identity to an amino acid sequence selected from the group consisting of: SEQ ID NOs: 8-

29.
The chimeric polypeptide of claim 14, capable of binding at least one of: TL1A and TACE.

A pharmaceutical composition comprising the chimeric polypeptide of any one of claims 1-

15, and a pharmaceutically acceptable carrier.

A polynucleotide molecule encoding the chimeric polypeptide of any one of claims 1-15.
An expression vector comprising the polynucleotide molecule of claim 17.

A cell comprising the expression vector of claim 18.

A composition comprising the expression vector of claim 16 and a carrier.

The pharmaceutical composition of claim 16, for use in the treatment, amelioration, reduction

and/or prevention of inflammation in a subject in need thereof.

A method for treating, ameliorating, reducing and/or preventing inflammation, an immune
response, or both in a subject in need thereof, the method comprising administering to the

subject any one of:

(1) the chimeric polypeptide of any one of claim 1-15;

(i1) the pharmaceutical composition of claim 16;

59



WO 2018/154584 PCT/IL2018/050214

(ii1) the expression vector of claim 18; and
(iv) the composition of claim 20,

thereby treating, ameliorating, reducing and/or preventing inflammation, an immune

response, or both, in said subject.

23. The method of claim 22, wherein said subject is afflicted with a chronic inflammatory

disease.

24. The method of claim 22, wherein said subject is afflicted with an inflammatory bowel disease.
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