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BI-FUNCTIONAL MOLECULES

FIELD OF THE INVENTION

[001] The present disclosure generally relates to novel bi-functional molecules
targeting an immune checkpoint molecule (e.g., PD-L1) and blocking activity of an
anti-tumor immunity suppressing (ATIS) cytokine (e.g., IL-1 or TGF[) or stimulating

Immunity.

BACKGROUND

[002] Programmed death 1 (PD-1) and 1its ligands PD-L1 and PD-L2 are key
co-inhibitory molecules 1n the modulation of T-cell mediated immune responses.
PD-1 1s a type I membrane protein with a single extracellular immunoglobulin
superfamily (IgSF) V-set domain that 1s expressed on the surface of activated T cells
in peripheral tissues (Zhang X, et al, Immunity, 2004, 20(3): 337-347). PD-L1 and
PD-L2 are commonly expressed on dendrnitic cells and macrophages, and their
ectodomains are composed of a membrane distal IgSF V-set and a membrane
proximal IgSF C-set domain (Latchman Y, et al, Nature immunology, 2001, 2(3):
261-268). Ligation of PD-1 with its two ligands initiates co-inhibitory signaling
through the cytoplasmic domain of PD-1, containing an 1mmunoreceptor
tyrosine-based inhibitory motif and an immunoreceptor tyrosine-based switch motif,
thus leading to activation of SHP phosphatases that downregulates TCR signaling by
dephosphorylating effector molecules involved 1n the signaling (Chemnitz J M, et al, J.
Immunol., 2004, 173(2): 945-954). As a result, PD-1 signaling prevents excessive or

harmful inflammation and maintains immune tolerance to self-antigens under normal

conditions (Collins A V, et al, Immunity, 2002, 17(2): 201-210).

[003] PD-L1 negatively regulates T-cell function also through interaction with
another receptor, B7.1 (also known as B7-1 or CD80). Formation of the PD-L1/PD-1

and PD-L1/B7.1 complex negatively regulate T-cell receptor signaling, resulting in
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the subsequent downregulation of T cell activation and suppression of anti-tumor

immune activity (Butte M J, et al, Immunity, 2007, 27(1): 111-122).

[004] PD-L1 1s often overexpressed in different tumors, and 1ts interaction with
PD-1 on T cells enables cancer cells to evade T-cell-mediated immune responses
(Okazaki T, et al, Nature immunology, 2013, 14(12): 1212-1218). Thus, blocking the
PD-1/PD-L1 interaction can restore T-cell activation and antitumor responses
(Callahan M K, et al, Immunity, 2016, 44(5): 1069-1078). The success of
antibody-based PD-1/PD-L1 blockade therapy, such as atezolizumab (Tecentriq®)
(Rittmeyer A, et al, The Lancet, 2017, 389(10066): 255-265), avelumab (Bavencio®)
(Hamilton G, et al, Expert Opinion on Biological Therapy, 2017, 17(4): 515-523) and
durvalumab (Imfinzi®) (Brower V, The Lancet Oncology, 2016, 17(7): €275), has
provided a breakthrough in the fight against human cancers, especially for solid
tumors. Although an association between PD-L1 expression by tumor cells and/or
infiltrating immune cells and clinical response to PD-1/PD-L1-targeted therapies has
been shown, this association 1s not flawless (Herbst, R., et al, Nature 515, 563-567
(2014); Taube J M, et al, Clinical cancer research, 2014, 20(19): 5064-5074). Only a
minority of PD-LI-positive tumors respond to these treatments, and certain
PD-LI1-negative tumors are nevertheless responsive to treatment. This raises the
possibility that additional factors govern patient response to PD-1/PD-L1-targeted
therapies, and that additional predictive biomarkers must be identified to improve the

clinical use of these agents.

[00S5] Manathasan S et al. found that lack of response was associated with a

signature of transforming growth factor [ (TGF-) signaling i1n fibroblasts
(Mariathasan S, et al, Nature, 2018, 554(7693): 544-548). David JM et al also found

that as a pleiotropic cytokine known to induce epithelial mesenchymal transition
(EMT) and suppress antitumor immunity, TGF-[3 could upregulate tumor PD-L1
expression in several epithelial NSCLC cell lines and the upregulation 1s associated

with phosphorylation of Smad2, which 1s a key downstream effector of TGF-[3
signaling (David J M, et al, Oncoimmunology, 2017, 6(10): €1349589). In mouse,
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therapeutic administration of a TGF-3 blocking antibody together with anti-PD-L1

reduced TGF-[3 signaling 1n stromal cells, facilitated T cell penetration into the center

of the tumor, and provoked vigorous anti-tumor immunity and tumor regression

(Mariathasan S, et al, Nature, 2018, 554(7693): 544-548).

[006] However, low affinity of anti-PD-L1 antibodies still poses a challenge to

achieve high treatment efficacy and low toxic side effect.

[007] Theretore, there 1s a need for therapeutic molecules with high binding

atfinity to PD-L1, improved therapeutic efficacy and reduced toxic side etfect.

SUMMARY OF THE INVENTION

[008] Throughout the present disclosure, the articles “a,” “an,” and “the” are used
herein to refer to one or to more than one (1.e., to at least one) of the grammatical

object of the article. By way of example, “an antibody” means one antibody or more

than one antibody.

[009] In one aspect, the present disclosure provides a bi-functional molecule
comprising a first moiety that binds to an immune checkpoint molecule, and a second

moiety that blocks activity of Interleukin-1 (IL-1).

[0010] In certain embodiments, the first moiety comprises an agonist of
immunostimulatory check point molecule, optionally selected from the group
consisting of: CD27, CD70, CD28, CD80 (B7-1), CD86 (B7-2), CD40, CD40L
(CD154), CD122, CD137, CD137L, OX40 (CD134), OX40L (CD252), GITR, ICOS
(CD278), and ICOSLG (CD275), CD2, ICAM-1, LFA-1 (CD11a/CD18), CD30,
BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, and CD83.

[0011] In certain embodiments, the first moiety comprises an antagonist of
immunoinhibitory check point molecule, optionally selected from the group
consisting of: A2AR, B7-H3 (CD276), B7-H4 (VTCN1), BTLA (CD272), CTLA-4
(CD152), IDO1, IDO2, TDO, KIR, LAG3, NOX2, PD-1, PD-L1, PD-L2, TIM-3,
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VISTA, SIGLEC7 (CD328), TIGIT, PVR(CDI155), SIGLEC9 (CD329), CD160,
LAIR1, 2B4 (CD244), CD47, and B7-H5.

[0012] In certain embodiments, the immune checkpoint molecule 1s PD-L1.

[0013] In certain embodiments, the first moiety comprises an antibody against
PD-L1 or an antigen-binding fragment thereof, and the second moiety comprises an

IL-1-binding moiety or an IL-1 Receptor (IL-1R)-binding moiety.

[0014] In certain embodiments, the IL-1-binding moiety comprises an IL-1R or an
IL-1-binding fragment or variant thereof, or an antibody against IL-1 or an

antigen-binding fragment thereof.

[0015] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises a heavy chain variable region and/or a light vanable
region from an anti-IL-1a antibody selected from the group consisting of: XB2001,
lutikizumab, LY2189102 and bermekimab, or from an anti-IL-1p antibody selected

from the group consisting of: SSGJ-613, CDP484, canakinumab and gevokizumab.

[0016] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 104 or SEQ ID NO: 112, a HCDR2
comprising a sequence of SEQ ID NO: 105 or SEQ ID NO: 113, and a HCDR3
comprising a sequence of SEQ ID NO: 106 or SEQ ID NO: 114, and/or a light chain
variable region comprising a LCDR1 comprising a sequence of SEQ ID NO: 107 or
SEQ ID NO: 115, a LCDR2 comprising a sequence of SEQ ID NO: 108 or SEQ ID
NO: 116, and a LCDR3 comprising a sequence of SEQ ID NO: 109 or SEQ ID NO:
117.

[0017] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1

comprising a sequence of SEQ ID NO: 104, a HCDR2 comprising a sequence of SEQ
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ID NO: 105, and a HCDR3 comprising a sequence of SEQ ID NO: 106, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
107, a LCDR2 comprising a sequence of SEQ ID NO: 108, and a LCDR3 comprising
a sequence of SEQ ID NO: 109.

[0018] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 112, a HCDR2 comprising a sequence of SEQ
ID NO: 113, and a HCDR3 comprising a sequence of SEQ ID NO: 114, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
115, a LCDR2 comprising a sequence of SEQ ID NO: 116, and a LCDR3 comprising
a sequence of SEQ ID NO: 117.

[0019] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, SEQ ID NO: 110, and a
homologous sequence thereof having at least 80% sequence 1dentity thereof, and/or a
light chain variable region comprising a sequence selected from the group consisting

of SEQ ID NO: 103, SEQ ID NO: 111, and a homologous sequence thereof having at

least 80% sequence 1dentity thereof.

[0020] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, and a homologous sequence
thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 103,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[0021] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence

selected from the group consisting of SEQ ID NO: 110, and a homologous sequence
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thereof having at least 80% sequence 1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 111,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[0022] In certain embodiments, the IL-1R-binding moiety comprises Interleukin-1
receptor antagonist or a fragment or variant thereof, or an antibody against IL-1R or

an antigen-binding fragment thereof.

[0023] In certain embodiments, the antibody against IL-1R or an antigen-binding
fragment thereof comprises a heavy chain variable region and/or a light vanable
region from an antibody selected from the group consisting of: spesolimab,

astegolimab, 1msidolimab, AMG 108, melrilimab, nidanilimab, MEDI8968,

)

REGN6490, HB0034 and CSCO12.

[0024] In another aspect, a bi-functional molecule comprises a first moiety that
binds to PD-L1, and a second moiety that a) blocks activity of an immunosuppressive
cytokine or b) stimulates immunity, wherein the first moiety comprises an antibody
against PD-L1 or an antigen-binding fragment thereof comprising a heavy chain
variable (VH) region and/or a light chain variable (VL) region, wherein the heavy

chain variable region comprises:

a) a HCDR1 comprising DYYMN (SEQ ID NO: 1) or a homologous sequence
of at least 80% sequence 1dentity thereof,

b) a HCDR2 comprising DINPNNXX,TX;YNHKFKG (SEQ ID NO: 19) or a
homologous sequence of at least 80% sequence 1dentity thereof, and

¢c) a HCDR3 comprising WGDGPFAY (SEQ ID NO: 3) or a homologous
sequence of at least 80% sequence 1dentity thereof, and/or

wherein the light chain variable region comprises:

d) a LCDRI1 comprises a sequence selected from the group consisting of

KASQNVX;X5XsVA (SEQ ID NO: 20) or a homologous sequence of at

least 80% sequence 1dentity thereof,
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e) a LCDR2 comprises a sequence selected from the group consisting of
SX-,SXgRYT (SEQ ID NO: 21) or a homologous sequence of at least 80%
sequence 1dentity thereof, and

f) a LCDR3 comprises a sequence selected from the group consisting of

QQYSNYPT (SEQ ID NO: 6) or a homologous sequence of at least 80%

sequence 1dentity thereof;

wherein X;1s Gor A, Xp1sGorDorQorEorL, XsisSorMorQorLorV, X415 G
or PorK, Xsis Aor G, Xg1is Aorl Xs1s AorNorRorV,and Xgis N orH or V or
D.

[0025] In certain embodiments, the heavy chain variable region comprises:

a) aHCDRI comprises a sequence of SEQ ID NO: 1,

b) a HCDR2 comprises a sequence selected from group consisting of SEQ ID
NO: 2, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 17,
and SEQ ID NO: 18 and

¢) aHCDR3 comprises a sequence of SEQ ID NO: 3,

and/or
a light chain variable region comprising:

d) a LCDRI1 comprises a sequence selected from the group consisting of SEQ
ID NO: 4, SEQ ID NO: 7, SEQ ID NO: 8 and SEQ ID NO: 9,

e) a LCDR2 comprises a sequence selected from the group consisting of SEQ
ID NO: 5, SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12, and

f) a LCDR3 comprises a sequence of SEQ ID NO: 6.

[0026] In certain embodiments, the heavy chain variable region 1s selected from the

agroup consisting of:

a) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 2, and
a HCDR3 comprising the sequence of SEQ ID NO: 3;
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b) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 13,
and a HCDR3 comprising the sequence of SEQ ID NO: 3;

c) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 14,
and a HCDR3 comprising the sequence of SEQ ID NO: 3;

d) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 15,
and a HCDR3 comprising the sequence of SEQ ID NO: 3;

e) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 17,
and a HCDR3 comprising the sequence of SEQ ID NO: 3; and

f) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 18,
and a HCDR3 comprising the sequence of SEQ ID NO: 3.

[0027] In certain embodiments, the light chain variable region 1s selected from the

agroup consisting of:

a) a light chain variable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 4, a LCDR2 comprising the sequence of SEQ ID NO: 5, and
a LCDR3 comprising the sequence of SEQ ID NO: 6;

b) a light chain vanable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 9, a LCDR2 comprising the sequence of SEQ ID NO: 5, and
a LCDR3 comprising the sequence of SEQ ID NO: 6;

c) a light chain vanable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 8, a LCDR2 comprising the sequence of SEQ ID NO: 5, and
a LCDR3 comprising the sequence of SEQ ID NO: 6;

d) a light chain vanable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 4, a LCDR2 comprising the sequence of SEQ ID NO: 12,
and a LCDR3 comprising the sequence of SEQ ID NO: 6; and
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)

a light chain varniable region comprising a LCDR1 comprising the sequence

of SEQ ID NO: 4, a LCDR2 comprising the sequence of SEQ ID NO: 11,
and a LCDR3 comprising the sequence of SEQ ID NO: 6.

[0028] In certain embodiments, the antibody against PD-L1 or the antigen-binding

fragment thereof further comprises one or more of heavy chain HFR1, HFR2, HFR3

and HFR4, and/or one or more of light chain LFR1, LFR2, LFR3 and LFR4, wherein:

)

b)

2)

h)

the HFR1 COmprises an amino acid sequence of
QVQLVQSGAEVKKPGASVKVSCKASGYXoFT (SEQ ID NO: 40) or a
homologous sequence of at least 80% sequence 1dentity thereof,

the HFR2 comprises an amino acid sequence of WVRQAPGQX\LEWMG
(SEQ ID NO: 41) or a homologous sequence of at least 80% sequence
1dentity thereof,

the HFR3 sequence comprises an amino acid sequence of
RVTX, TVDX{;SISTAYMELSRLRSDDTAVYYCX ;X3 (SEQ ID NO:
42) or a homologous sequence of at least 80% sequence 1dentity thereof,

the HFR4 comprises an amino acid sequence of WGQGTLVTVSS (SEQ ID
NO: 25) or a homologous sequence of at least 80% sequence 1dentity thereof,
the LFR]1 comprises an amino acid sequence of
DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 26) or a homologous
sequence of at least 80% sequence 1dentity thereof,

the LFR2 comprises an amino acid sequence of WYQQKPGKX ,PKLLIY
(SEQ ID NO: 43) or a homologous sequence of at least 80% sequence
1dentity thereof,

the LFR3 comprises an amino acid sequence of
GVPXsRFSGSGSGTDFTX;TISSLQPEDIATYYC (SEQ ID NO: 44) or
a homologous sequence of at least 80% sequence 1dentity thereof, and

the LFR4 comprises an amino acid sequence of FGQGTKLEIK (SEQ ID

NO: 29) or a homologous sequence of at least 80% sequence 1dentity thereof,
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wherein Xg1s T or V, Xjpo1s Gor S, Xj11s Tor K, Xjp1s Aor V, X318 R or K, X4 1s
A or S,_, X15 1S S or Dj Xm 1s M or V, and X17 isF or L.

[0029] In certain embodiments,

the HFR1 comprises a sequence selected from the group consisting of SEQ ID
NOs: 22 and 30,

the HFR2 comprises a sequence selected from the group consisting of SEQ ID
NOs: 23 and 31,

the HFR3 comprises the sequence selected from the group consisting of SEQ ID
NOs: 24 and 32-35,

the HFR4 comprises a sequence of SEQ ID NOs: 25,

the LFR1 comprises the sequence from the group consisting of SEQ ID NO: 26,
the LFR2 comprises a sequence selected from the group consisting of SEQ ID
NOs: 27 and 36,

the LFR3 comprises a sequence selected from the group consisting of SEQ ID
NOs: 28, and 37-38, 39, 45, and

the LFR4 comprises a sequence of SEQ ID NO: 29.

[0030] In certain embodiments, the heavy chain variable region comprises a
sequence selected from the group consisting of SEQ ID NO: 46, SEQ ID NO: 49,
SEQ ID NO: 50, SEQ ID NO: 31, SEQ ID NO: 52, SEQ ID NO: 56, SEQ ID NO: 37,
SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, and a homologous sequence

thereof having at least 80% sequence 1dentity thereof.

[0031] In certain embodiments, the light chain variable region comprises a sequence
selected from the group consisting of SEQ ID NO: 47, SEQ ID NO: 54, SEQ ID NO:
55, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO:

63, and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[0032] In certain embodiments, the antibody against PD-L1 or antigen-binding

fragment thereof comprises a pair of heavy chain variable region and light chain

10
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variable region sequences selected from the group consisting of: SEQ ID NOs: 49/54,
50/54, 51/54, 52/54, 49/55, 50/55, 51/55, 52/55, 58/62, 58/63, 58/64, 58/65, 59/62,

59/63. 59/64. 59/65. 60/62. 60/63, 60/64, and 60/65.

[0033] In certain embodiments, the antibody against PD-L1 or antigen-binding
fragment thereof further comprises one or more amino acid residue substitutions or

modifications yet retains specific binding specificity and/or affinity to PD-L1.

[0034] In certain embodiments, at least one of the substitutions or modifications 1s 1n
one or more of the CDR sequences, and/or in one or more of the non-CDR regions of

the VH or VL sequences.

[0035] In certain embodiments, the antibody against PD-L1 or antigen-binding
fragment thereof further comprises an immunoglobulin constant region, optionally a

constant region of human Ig, or optionally a constant region of human IgG.

[0036] In certain embodiments, the constant region comprises an Fc region of

human IgG1, IgG2, 1gG3, or IgG4.

[0037] In certain embodiments, the Fc region of human IgG1 comprises SEQ ID NO:
80, or a variant thereof having at least 80% (e.g. at least 85%, 90%, 95%, 96%, 97%,

98%, or 99%) sequence 1dentity thereof.

[0038] In certain embodiments, the constant region comprises an Fc¢ variant having
reduced effector function relative to the corresponding wildtype Fc region. In
certain embodiments, the Fc region comprises one or more amino acid residue

modifications or substitutions resulting in reduced effector functions relative to SEQ

ID NO: 80.

[0039] In certain embodiments, the Fc region comprises one or more amino acid
residue substitutions selected from the group consisting of: 2208, 2268, 228P, 2298,
233P, 234V, 234G, 234A, 234F, 234A, 235A, 235G, 235E, 236E, 236R, 237A, 237K,
2388, 267R, 268A, 268Q), 269R, 297A, 297Q), 297G, 309L, 318A, 322A, 325L, 328K,

11
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3308, 331S and any combination thereof, wherein the numbering of the residues in

the Fc region 1s that of the EU index as 1n Kabat.

[0040] In certain embodiments, the Fc region comprises a combination of mutations
selected from the group consisting of: a) K322A, L234A, and L235A; b) P3318,
L.234F, and L235E; ¢) L234A and L235A; ¢) N297A; d) N297Q); ¢) N297G; f) L233E;
o) L234A and L235A (IgGl); h) F234A and L235A (IgG4), 1) H268Q, V309L,
A330S and P331S (IgG2); 1) V234A, G237A, P238S, H268A, V309L, A330S and
P331S (IgG2), wherein the numbering of the residues in the Fc region 1s that of the

EU index as in Kabat.

[0041] In certain embodiments, the Fc variant comprises an amino acid sequence of

SEQ ID NO: 81.

[0042] In certain embodiments, the antibody against PD-L1 or antigen-binding

fragment thereof 1s humanized.

[0043] In certain embodiments, the antigen-binding fragment 1s a diabody, a Fab, a
Fab', a F(ab');, a Fd, an Fv fragment, a disulfide stabilized Fv fragment (dsFv), a
(dsFv),, a bispecific dsFv (dsFv-dsFv'), a disulfide stabilized diabody (ds diabody), a
single-chain antibody molecule (scFv), an scFv dimer (bivalent diabody), a
multispecific antibody, a camelized single domain antibody, a nanobody, a domain

antibody, and a bivalent domain antibody.

[0044] In certain embodiments, the antibody or antigen-binding fragment thereof 1s

capable of binding to both human PD-L1 and cyno PD-L]1.

[0045] In certain embodiments, the first moiety comprises an antibody or an
antigen-binding fragment thereof that competes for binding to PD-L1 with the

antibody or antigen-binding fragment thereof provided herein.

12
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[0046] In certain embodiments, the immunosuppressive cytokine comprises a
cytokine in transforming growth factor beta (TGF-B) superfamily, IL-1, or Vascular

endothelial growth factor (VEGF).

[0047] In certain embodiments, the immunosuppressive cytokine 1n TGF-[3

supertamily includes TGF-[3, bone morphogenetic proteins (BMPs), activins, NODAL,

and growth and differentiation factors (GDFs).
[0048] In certain embodiments, the immunosuppressive cytokine 1s TGF-f3.

[0049] In certain embodiments, the second moiety comprises a TGF[(-binding

moiety.

[0050] In certain embodiments, the TGF[3-binding moiety comprises a soluble TGF[3
Receptor (TGFBR) or a TGFP-binding fragment or variant thereof, or an antibody

against TGF[3 and an antigen-binding fragment thereof.

[0051] In certain embodiments, the soluble TGFBR comprises an extracellular

domain (ECD) of the TGF[3R, or a TGF[3-binding fragment, or variant thereof.

[0052] In certain embodiments, the TGF[3R 1s selected from the group consisting of
TGF[3 Receptor I (TGFPRI), TGF Receptor II (TGFBRII), TGF Receptor III

(TGFBRIII), and any combination thereof.
[0053] In certain embodiments, the TGFR 1s TGFBRIL

[0054] In certain embodiments, the TGFPRII selectively binds to TGF[(1 over

TGFB2 and TGFP3.

[0055] In certain embodiments, the TGFB1 1s human TGF(31 or mouse TGF[31.

[0056] In certain embodiments, the ECD of TGFR comprises an amino acid

sequence of SEQ ID NO: 66, 79, 78, 77 or a sequence having at least 80% sequence

1dentity thereof yet retains specific binding specificity and/or atfinity to TGF-[3.
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[0057] In certain embodiments, the second moiety comprises an IL-1-binding

moiety or an IL-1 Receptor (IL-1R)-binding moiety.

[0058] In certain embodiments, the IL-1-binding moiety comprises a soluble IL-1R,
an IL-1-binding fragment or variant of an IL-1R, or an antibody against IL-1 or an

antigen-binding fragment thereof.

[0059] In certain embodiments, the IL-1-binding moiety comprises an extracellular
domain (ECD) of the IL-1RI, an IL-1-binding fragment or variant of any of IL-1RI,
ECD of IL-1IRI, IL-1IRII, or ECD of IL-1RII, or IL-1RAP, or ECD of IL-1RAP,
IL-1sRI or IL-1sRIIL

[0060] In certain embodiments, the IL-1R-binding moiety comprises IL-1Ra or an
IL-1-binding fragment or variant thereof, or an antibody against IL-IR or an

antigen-binding fragment thereof.

[0061] In certain embodiments, the antibody against IL-1R or an antigen-binding
fragment thereof comprises a heavy chain variable region and/or a light varnable

region from an antibody selected from the group consisting of: spesolimab,

astegolimab, 1msidolimab, AMG 108, melrilimab, nidanilimab, MEDI8968,

)

REGN6490. HB0034 and CSCO012.

[0062] In certain embodiments, the IL-1R-binding moiety comprises an amino acid
sequence of SEQ ID NO: 67 or 76, or an amino acid sequence having at least 80%
sequence 1dentity to SEQ ID NO: 67 or 76, or an IL-1 binding fragment or variant

thereof.

[0063] In certain embodiments, the IL-1 1s IL-1c or IL-1[3.

[0064] In certain embodiments, the IL-1[3 1s human IL-1[3.

[0065] In certain embodiments, the antibody against IL-1 or an antigen-binding

fragment thereof comprises a heavy chain variable region and/or a light vanable
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region from an anti-IL-1a antibody selected from the group consisting of: XB2001,
lutikizumab, LY2189102 and bermekimab, or from an anti-IL-1 antibody selected

from the group consisting of: SSGJ-613, CDP484, canakinumab and gevokizumab.

[0066] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 104 or SEQ ID NO: 112, a HCDR2
comprising a sequence of SEQ ID NO: 105 or SEQ ID NO: 113, and a HCDR3
comprising a sequence of SEQ ID NO: 106 or SEQ ID NO: 114, and/or a light chain
variable region comprising a LCDR1 comprising a sequence of SEQ ID NO: 107 or
SEQ ID NO: 115, a LCDR2 comprising a sequence of SEQ ID NO: 108 or SEQ ID
NO: 116, and a LCDR3 comprising a sequence of SEQ ID NO: 109 or SEQ ID NO:
117.

[0067] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 104, a HCDR2 comprising a sequence of SEQ
ID NO: 105, and a HCDR3 comprising a sequence of SEQ ID NO: 106, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
107, a LCDR2 comprising a sequence of SEQ ID NO: 108, and a LCDR3 comprising
a sequence of SEQ ID NO: 109.

[0068] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 112, a HCDR2 comprising a sequence of SEQ
ID NO: 113, and a HCDR3 comprising a sequence of SEQ ID NO: 114, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
115, a LCDR2 comprising a sequence of SEQ ID NO: 116, and a LCDR3 comprising
a sequence of SEQ ID NO: 117.
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[0069] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, SEQ ID NO: 110, and a
homologous sequence thereof having at least 80% sequence 1dentity thereof, and/or a
light chain variable region comprising a sequence selected from the group consisting

of SEQ ID NO: 103, SEQ ID NO: 111, and a homologous sequence thereof having at

least 80% sequence 1dentity thereof.

[0070] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, and a homologous sequence
thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 103,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[0071] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 110, and a homologous sequence
thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 111,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[0072] In certain embodiments, the bi-functional molecule comprises a heavy chain
comprising an amino acid sequence of SEQ ID NO: 118 or SEQ ID NO: 120, and/or a
light chain comprising an amino acid sequence of SEQ ID NO: 119 or SEQ ID NO:
121.

[0073] In certain embodiments, the second moiety stimulates anti-tumor immunity

and comprises an immunostimulatory polypeptide.

[0074] In certain embodiments, the immunostimulatory polypeptide comprises

Interleukin (IL)-2 (IL-2), IL-15, IL-21, IL-10, IL-12, IL-23, IL-27, IL-35,
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ogranulocyte-macrophage colony-stimulating factor (GM-CSF), soluble CD4, soluble

LAG-3, or IFN-q, or a functional equivalent thereof.

[0075] In certain embodiments, the soluble LAG-3 comprises an extracellular

domain (ECD) of the LAG-3 or a MHCII-binding fragment or variant thereof.

[0076] In certain embodiments, the second moiety stimulates anti-tumor immunity

and comprises an antagonist of an immunoinhibitory receptor signaling.

[0077] In certain embodiments, the immunoinhibitory receptor 1s Signal-regulatory

protein alpha (SIRPo).

[0078] In certain embodiments, the second moiety blocks interaction between CD47

and SIRPo.

[0079] In certain embodiments, the second moiety comprises a CD47 binding

domain or a SIRPa binding domain.

[0080] In certain embodiments, the CD47 binding domain comprises a soluble

SIRPo or a CD47 binding fragment or variant thereof, or an ant1-CD47 antibody or an

antigen-binding fragment thereof.

[0081] In certain embodiments, the soluble SIRPo comprises an extracellular

domain (ECD) of the SIRPa, or a CD47-binding fragment or variant thereof.

[0082] In certain embodiments, the soluble SIRPa comprises an amino acid
sequence of SEQ ID NO: 84 or an amino acid sequence having at least 80% sequence

1dentity thereof yet retaining binding specificity to CD47.

[0083] In certain embodiments, the SIRPo binding domain comprises a soluble
CDA47 or a SIRPa binding fragment or variant thereof, or an anti-SIRPo antibody or

an antigen-binding fragment thereof.
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[0084] In certain embodiments, the soluble CD47 comprises an extracellular domain
(ECD) of the CD47 or a SIRPa binding fragment or a variant thereof, an

ant1-SIRPo antibody or an antigen-binding fragment thereof.

[0085] In certain embodiments, the bi-functional molecule further comprises a linker

connecting the first moiety and the second moiety.

[0086] In certain embodiments, the linker 1s selected from the group consisting of a
cleavable linker, a non-cleavable linker, a peptide linker, a flexible linker, a rigid

linker, a helical linker, and a non-helical linker.

[0087] In certain embodiments, the linker comprises an amino acid sequence of
((G)nS)m, wherein m and n are independently an integer selected from O to 30 (e.g. 1,
2,3,4,5,6,7, 8,9, 10). In certain embodiments, n1s 2, 3, 4or5,and mis 1, 2, 3, 4, 5,
6,7, 8,9, or 10. In certain embodiments, the linker comprises an amino acid sequence

of SEQ ID NO: 68.

[0088] In certain embodiments, the bi-functional molecule comprises one or more of

the second moieties.

[0089] In certain embodiments, at least one of the second moieties 1s linked to an N

terminus or a C terminus of a polypeptide chain of the first moiety.

[0090] In certain embodiments, at least one of the second moieties 1s linked to: a) an
N terminus or a C terminus of a heavy chain of the first moiety, or b) an N terminus or

a C terminus of a light chain of the first moiety.

[0091] In certain embodiments, at least one of the second moieties 1s linked to a C

terminus of a heavy chain constant region of the first moiety.

[0092] In certain embodiments, each of the second moieties 1s linked respectively to

the C terminus of each heavy chain constant region of the first moiety.
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[0093] In certain embodiments, the bi-functional molecule comprises more than one
of the second moieties that are linked respectively to: an N terminus of a heavy chain
of the first moiety, a C terminus of a heavy chain of the first moiety, an N terminus of
a light chain of the first moiety, a C terminus of a light chain of the first moiety, or

any combination thereof.

[0094] In certain embodiments, the bi-functional molecule comprises homodimeric

or heterodimeric heavy chains.

[0095] In certain embodiments, the heavy chains are heterodimeric with respect to

presence or position of the second moiety.

[0096] In certain embodiments, the heterodimeric heavy chains comprise one heavy

chain having the second moiety but the other heavy chain having not.

[0097] In certain embodiments, the heterodimeric heavy chains further comprise
heterodimeric Fc regions that associate 1n a way that discourages homodimerization

and/or favors heterodimerization.

[0098] In certain embodiments, the first and the heterodimeric Fc regions are
capable of associating i1nto heterodimers via knobs-into-holes, hydrophobic

interaction, electrostatic interaction, hydrophilic interaction, or increased flexibility.

[0099] In certain embodiments, the heterodimeric Fc regions comprises Y349C,
T366S, L368A or Y407V or any combination thereof 1n one Fc region, and S334C, or
T366W or combination thereof 1n another Fc region, wherein the numbering of the

residues 1n the Fc region 1s that of the EU 1index as in Kabat.

[00100] In certain embodiments, the bi-functional molecule 1s further linked to one or

more conjugate moieties.

[00101] In certain embodiments, the conjugate moiety comprises a

clearance-modifying agent, a chemotherapeutic agent, a toxin, a radioactive 1sotope, a
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lanthanide, a luminescent label, a fluorescent label, an enzyme-substrate label, a
DNA-alkylator, a topoisomerase 1inhibitor, a tubulin-binders, or other anticancer drugs

such as androgen receptor inhibitor.

[00102] In another aspect, the present disclosure further provides a pharmaceutical
composition or kit comprising the bi-functional molecule provided herein and a

pharmaceutically acceptable carrier.

[00103] In another aspect, the present disclosure further provides an 1solated

polynucleotide encoding the bi-functional molecule provided herein.

[00104] In another aspect, the present disclosure further provides a vector comprising

the 1solated polynucleotide provided herein.

[00105] In another aspect, the present disclosure further provides a host cell

comprising the vector provided herein.

[00106] In another aspect, the present disclosure further provides a method of
expressing the bi-functional molecule provided herein, comprising culturing the host

cell provided herein under the condition at which the vector 1s expressed.

[00107] In another aspect, the present disclosure further provides a method of treating,
preventing or alleviating a PD-L1 related disease 1n a subject, comprising
administering to the subject a therapeutically effective amount of the bi-functional
molecule provided herein and/or the pharmaceutical composition or kit provided

herein.

[00108] In certain embodiments, the disease 1s immune related disease or disorder,

cancers, autoirmmune diseases, or infectious disease.

[00109] In certain embodiments, the cancer 1s selected from the group consisting of:
lung cancer (e.g., non-small cell lung cancer), liver cancer, pancreatic cancer, breast

cancer, bronchial cancer, bone cancer, liver and bile duct cancer, ovarian cancer,
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testicle cancer, kidney cancer, bladder cancer, head and neck cancer, spine cancer,
brain cancer, cervix cancer, uterine cancer, endometrial cancer, colon cancer,
colorectal cancer, prostate cancer, gastric-esophageal cancer, rectal cancer, anal
cancer, gastrointestinal cancer, skin cancer, pituitary cancer, stomach cancer, vagina
cancer, thyroid cancer, glioblastoma, astrocytoma, melanoma, myelodysplastic

syndrome, sarcoma, teratoma, glioma, and adenocarcinoma.

[00110] In certain embodiments, the subject has been 1dentified as having a

PD-L1-expressing cancer cell.
[00111] In certain embodiments, the subject 1s human.

[00112] In certain embodiments, the method further comprises administering a

therapeutically effective amount of a second therapeutic agent.

[00113] In certain embodiments, the second therapeutic agent 1s selected from a
chemotherapeutic agent, an anti-cancer drug, radiation therapy, an immunotherapy
agent, anti-angiogenesis agent, a targeted therapy agent, a cellular therapy agent, a

gene therapy agent, a hormonal therapy agent, or cytokines.

[00114] In another aspect, the present disclosure provides use of the bi-functional
molecule provided herein in the manufacture of a medicament for treating a PD-L1

related disease or condition 1n a subject.

[00115] In another aspect, the present disclosure provides a method of treating,
preventing or alleviating 1n a subject a disease or condition that would benefit from
suppression of an immunosuppressive cytokine, from induction of sustained immune
responses, or from stimulation of anti-tumor immunity, comprising administering an

effective amount of the bi-functional molecule provided herein.

[00116] In certain embodiments, the immunosuppressive cytokine 1s TGF[3.
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[00117] In certain embodiments, the disease or condition 1s a TGF[3-related disease or

condition.

[00118] In certain embodiments, the TGF[3-related disease 1s cancer, fibrotic disease,

or kidney disease.

[00119] In certain embodiments, the immunosuppressive cytokine 1s IL-1.

[00120] In certain embodiments, the disease or condition 1s an IL-1-related disease or

condition.

[00121] In certain embodiments, the disease or condition would benefit from

sttimulation of anti-tumor immunity by inhibiting an immunoinhibitory receptor

signaling, e.g., SIRPa signaling.

BRIEF DESCFRIPTION OF THE DRAWINGS

[00122] Figure 1 shows humanized 4B6 antibodies binding to human PD-L1 by
ELISA.

[00123] Figure 2 shows Hu4B6 Hgl.a binding to human PD-L1 by ELISA.

[00124] Figure 3A - Figure 3C show AM-4B6-IgG1-TGFBRII variants binding to
PD-L1 by ELISA.

[00125] Figure 4 shows affinity ranking of AM-4B6-IgG1-TGFBRII variants using

flow cytometry.

[00126] Figure 5A and 5B show blockade of PD-L1/PD-1 or PD-L1/B7-1 by
AM-4B6-IgG1-TGFBRII variants.

[00127] Figure 6 shows blockade of PD-L1/PD-1 by AM-4B6-IgG1-TGFBRII

variants using cell based assay.

[00128] Figure 7 shows SDS-PAGE of AM4B6 hlgGl TBRII (20-136) expressed

with stable cell line.
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[00129] Figure 8A and Figure 8B show binding to human PD-L1 or cyno PD-L1 by
ELISA analysis.

[00130] Figure 9A - Figure 9C show binding to human PD-L1 and B7 family other

members and other members of TGF[3 superftamily by ELISA analysis.

[00131] Figure 10A - Figure 10F show binding to PD-L1 expressing cells by FACS

analysis.

[00132] Figure 11 shows binding to human PD-L1 on activated human T cells by
FACS analysis.

[00133] Figure 12A - Figure 12B show blockade of human PD-L1 binding to human
PD-1 or cyno PD-L1 binding to cyno PD-1 by ELISA analysis.

[00134] Figure 13 shows simultaneously binding to hPD-L1 and TGFbl by ELISA

analysis.

[00135] Figure 14 shows blocking hPD-L1/hPD-1 using a reporter assay.

[00136] Figure 15 shows blocking TGFB1 signaling using a TGF-3 reporter HEK-293

cell line.

[00137] Figure 16 shows effect of AM4B6-hlgG1-TGFBRII’ on IFNy release of
PBMC stimulated by tuberculin (TB).

[00138] Figure 17A - Figure 17B show anti-tumor activity in MC38-hPD-L1 tumor

model.

[00139] Figure 18A - Figure 18B show anti-tumor activity in H460 tumor model.

[00140] Figure 19A - Figure 19B show anti-tumor activity in EMT6-hPD-L1 tumor

model.
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[00141] Figure 20A - Figure 20C show pharmacokinetics and pharmacodynamics
study of AM4B6-hlgG1-TGFBRII 1n vivo.

[00142] Figure 21 shows binding activity of AM4B6-hlgG1-IL-IRA to human
PD-L1 by ELISA.

[00143] Figure 22 shows binding activity of AM4B6-hlgGIl-IL-1RA to human
PD-L1 by FACS analysis.

[00144] Figure 23 shows blockade of PD-L1/PD-1 by AM4B6-hlgG1-IL-1RA using

cell based assay.

[00145] Figure 24 shows blocking activity of AM4B6-IgG1-IL-1RA to human IL-1f3
by ELISA.

[00146] Figure 25 shows blocking activity of AM4B6-hIgG1-IL-1RA to human

IL-1[3 on reporter cells.

[00147] Figure 26 shows SEC-HPLC purity of asymmetric bifunctional antibodies.

[00148] Figure 27 shows binding of the bi-functional molecule to human PD-L1 as
measured by ELISA.

[00149] Figure 28 shows binding of the bi-functional molecule to human CD47 as
measured by ELISA.

[00150] Figure 29 shows ELISA binding activities of IgG-scFv-ACZ885-AM4B6
and IgG-scFv-XOMAO052-AM4B6 bsAbs to hIL-1[3 protein.

[00151] Figure 30 shows ELISA binding activities of IgG-scFv-ACZ885-AM4B6
and IgG-scFv-XOMAO052-AM4B6 bsAbs to hPD-L1 protein.

[00152] Figure 31 shows Dbinding of IgG-scFv-ACZ885-AM4B6  and
IgG-scFv-XOMAO052-AM4B6 to PD-L1 expressing 293T cells by FACS method.
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[00153] Figure 32 shows cell based PDI1/PD-L1 blockade activity of
[gG-scFv-ACZ885-AM4B6 and IgG-scFv-XOMAO052-AM4B6.

[00154] Figure 33 shows blocking activity of IgG-scFv-XOMAOS5S2-AM4B6 to
human IL-1p on HDF cells.

[00155] Figure 34 shows blocking activity of IgG-scFv-ACZ8385-AM4B6 to hIL-1[3

on reporter cell.

DETAILED DESCRIPTION OF THE INVENTION

[00156] The following description of the disclosure 1s merely intended to illustrate
various embodiments of the disclosure. As such, the specific modifications
discussed are not to be construed as limitations on the scope of the disclosure. It will
be apparent to a person skilled in the art that various equivalents, changes, and
modifications may be made without departing from the scope of the disclosure, and it
1s understood that such equivalent embodiments are to be included herein. All
references cited herein, including publications, patents and patent applications are

incorporated herein by reference in their entirety.

Definitions

[001S57] The term “antibody” as used herein includes any 1mmunoglobulin,
monoclonal antibody, polyclonal antibody, multivalent antibody, bivalent antibody,
monovalent antibody, multispecific antibody, or bispecific antibody that binds to a
specific antigen. A native intact antibody comprises two heavy (H) chains and two
light (L) chains. Mammalian heavy chains are classified as alpha, delta, epsilon,
gamma, and mu, each heavy chain consists of a variable region (VH) and a first,
second, third, and optionally fourth constant region (CHI1, CH2, CH3, CH4
respectively); mammalian light chains are classified as A or K, while each light chain

consists of a variable region (VL) and a constant region. The antibody has a “Y”
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shape, with the stem of the Y consisting of the second and third constant regions of
two heavy chains bound together via disulfide bonding. Each arm of the Y includes
the variable region and first constant region of a single heavy chain bound to the
variable and constant regions of a single light chain. The variable regions of the
light and heavy chains are responsible for antigen binding. The variable regions in
both chains generally contain three highly variable loops called the complementarity
determining regions (CDRs) (light chain CDRs including LCDR1, LCDR2, and
LCDR3, heavy chain CDRs including HCDR1, HCDR2, HCDR3). CDR boundaries
for the antibodies and antigen-binding fragments disclosed herein may be defined or
1dentified by the conventions of Kabat, IMGT, Chothia, or Al-Lazikani (Al-Lazikani,
B., Chothia, C., Lesk, A. M., J. Mol. Biol., 273(4), 927 (1997); Chothia, C. ef al., J
Mol Biol. Dec 5;186(3):651-63 (1985); Chothia, C. and Lesk, A.M., J Mol Biol.,
196,901 (1987); Chothia, C. et al., Nature. Dec 21-28;342(6252):877-83 (1989) ;
Kabat E.A. ef al., Sequences of Proteins of immunological Interest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, Md. (1991); Marie-Paule
Lefranc et al., Developmental and Comparative Immunology, 27 55-77 (2003);
Marie-Paule Lefranc et al., Immunome Research, 1(3), (2005); Marie-Paule Lefranc,
Molecular Biology of B cells (second edition), chapter 26, 481-514, (2015)). The
three CDRs are interposed between flanking stretches known as framework regions
(FRs) (light chain FRs including LFR1, LFR2, LFR3, and LFR4, heavy chain FRs
including HFR1, HFR2, HFR3, and HFR4), which are more highly conserved than the
CDRs and form a scaffold to support the highly variable loops. The constant regions
of the heavy and light chains are not involved 1n antigen-binding, but exhibit various
etfector functions. The term “effector function” as used herein refers to cell-mediated
or complement-mediated cytotoxic effects brought about by interactions between the
Fc region of an antibody and Clq complement protein or Fc receptors (FcRs) on
immune cells. Exemplary effector functions include, without limitation,
antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent cell-mediated
phagocytosis (ADCP) and complement-dependent cytotoxicity (CDC) effects.

Antibodies are assigned to classes based on the amino acid sequences of the constant

26



WO 2022/105817 PCT/CN2021/131389

regions of their heavy chains. The five major classes or 1sotypes of antibodies are
IgA, IgD, IgE, IgG, and IgM, which are characterized by the presence of alpha, delta,
epsilon, gamma, and mu heavy chains, respectively. Several of the major antibody
classes are divided into subclasses such as IgGl (gammal heavy chain), IgG2
(gammaZ2 heavy chain), IgG3 (gamma3 heavy chain), IgG4 (gamma4 heavy chain),
IgA1l (alphal heavy chain), or IgA2 (alpha2 heavy chain).

[00158] In certain embodiments, the antibody provided herein encompasses any
antigen-binding fragments thereof. The term “antigen-binding fragment” as used
herein refers to an antibody fragment formed from a portion of an antibody
comprising one or more CDRs, or any other antibody fragment that binds to an
antigen but does not comprise an intact native antibody structure. Examples of
antigen-binding fragments include, without limitation, a diabody, a Fab, a Fab', a
F(ab'),, an Fv fragment, a disulfide stabilized Fv fragment (dsFv), a (dsFv),, a
bispecific dsFv (dsFv-dsFv'), a disulfide stabilized diabody (ds diabody), a
single-chain antibody molecule (scFv), an scFv dimer (bivalent diabody), a bispecific
antibody, a multispecific antibody, a camelized single domain antibody, a nanobody,
a domain antibody, and a bivalent domain antibody. An antigen-binding fragment 1s

capable of binding to the same antigen to which the parent antibody binds.

[00159] “Fab” with regard to an antibody refers to that portion of the antibody
consisting of a single light chain (both variable and constant regions) bound to the

variable region and first constant region of a single heavy chain by a disulfide bond.

[00160] “Fab’” refers to a Fab fragment that includes a portion of the hinge region.

[00161] “F(ab’),” refers to a dimer of Fab’.

[00162] “Fc” with regard to an antibody (e.g. of IgG, IgA, or IgD 1sotype) refers to
that portion of the antibody consisting of the second and third constant domains of a
first heavy chain bound to the second and third constant domains of a second heavy

chain via disulfide bonding. Fc¢ with regard to antibody of IgM and IgE 1sotype
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further comprises a fourth constant domain. The Fc¢ portion of the antibody 1s
responsible for various effector functions such as antibody-dependent cell-mediated
cytotoxicity (ADCC), and complement dependent cytotoxicity (CDC), but does not

function 1n antigen binding.

[00163] “Fv” with regard to an antibody refers to the smallest fragment of the
antibody to bear the complete antigen binding site. An Fv fragment consists of the
variable region of a single light chain bound to the variable region of a single heavy

chain.

[00164] “Single-chain Fv antibody” or “scFv” refers to an engineered antibody
consisting of a light chain variable region and a heavy chain variable region

connected to one another directly or via a peptide linker sequence (Huston JS ef al.

Proc Natl Acad Sci USA, 85:35879(1988)).

[00165] “Single-chain Fv-Fc antibody” or “scFv-F¢” refers to an engineered antibody

consisting of a scFv connected to the Fc¢ region of an antibody.

[00166] “Camelized single domain antibody,” “heavy chain antibody,” or “HCAb”
refers to an antibody that contains two Vg domains and no light chains (Riechmann L.
and Muyldermans S., J Immunol Methods. Dec 10; 231(1-2):25-38 (1999);
Muyldermans S., J Biotechnol. Jun, 74(4):277-302 (2001); WQO94/04678;
W094/25591; U.S. Patent No. 6,005,079). Heavy chain antibodies were originally
derived from Camelidae (camels, dromedaries, and llamas). Although devoid of
light chains, camelized antibodies have an authentic antigen-binding repertoire
(Hamers-Casterman C. ef al., Nature. Jun 3; 363(6428):446-8 (1993). Neguyen VK. ef
al. Immunogenetics. Apr;, 54(1):39-47 (2002); Nguyen VK. ef al. Immunology. May;
109(1): 93-101 (2003)). The variable domain of a heavy chain antibody (VHH
domain) represents the smallest known antigen-binding unit generated by adaptive
immune responses (Koch-Nolte F. ef al., FASEB J. Nov;, 21(13): 3490-8. Epub 2007
Jun 15 (2007)).
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[00167] A “nanobody” refers to an antibody fragment that consists of a VHH domain

from a heavy chain antibody and two constant domains, CH2 and CH3.

[00168] A “diabody” or “dAb” includes small antibody fragments with two
antigen-binding sites, wherein the fragments comprise a VH domain connected to a
VL domain in the same polypeptide chain (VH-VL or VL-VH) (see, e.g. Holliger P.
et al., Proc Natl Acad Sc1 USA. Jul 15;90(14).6444-8 (1993), EP404097,
WO0O93/11161). By using a linker that 1s too short to allow pairing between the two
domains on the same chain, the domains are forced to pair with the complementary
domains of another chain, thereby creating two antigen-binding sites. The
antigen-binding sites may target the same or different antigens (or epitopes). In
certain embodiments, a “bispecific ds diabody” 1s a diabody target two different

antigens (or epitopes).

[00169] A “domain antibody” refers to an antibody fragment containing only the
variable region of a heavy chain or the variable region of a light chain. In certain
instances, two or more VH domains are covalently joined with a peptide linker to
create a bivalent or multivalent domain antibody. The two VH domains of a bivalent

domain antibody may target the same or different antigens.

[00170] The term “valent” as used herein refers to the presence of a specified number
of antigen binding sites 1n a given molecule. The term “monovalent” refers to an
antibody or an antigen-binding fragment having only one single antigen-binding site;
and the term “multivalent” refers to an antibody or antigen-binding fragment having
multiple antigen-binding sites. As such, the terms “bivalent”, “tetravalent”, and
“hexavalent” denote the presence of two binding sites, four binding sites, and six
binding sites, respectively, 1n an antigen-binding molecule. In some embodiments,

the antibody or antigen-binding fragment thereof 1s bivalent.

[00171] As used herein, a “bispecific” antibody refers to an artificial antibody which

has fragments derived from two different monoclonal antibodies and 1s capable of
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binding to two different epitopes. The two epitopes may present on the same antigen,

or they may present on two different antigens.

[00172] In certain embodiments, an “scFv dimer” 1s a bivalent diabody or bispecific
scFv (BsFv) comprising VH-VL (linked by a peptide linker) dimerized with another
VH-VL moiety such that VH's of one moiety coordinate with the VL's of the other
moiety and form two binding sites which can target the same antigens (or epitopes) or
different antigens (or epitopes). In other embodiments, an “scFv dimer” 1s a
bispecific diabody comprising VHI-VL2 (linked by a peptide linker) associated with
VLI1-VH2 (also linked by a peptide linker) such that VH1 and VL1 coordinate and

VH2 and VL2 coordinate and each coordinated pair has a different antigen specificity.

[00173] A “dsFv” refers to a disulfide-stabilized Fv fragment that the linkage
between the variable region of a single light chain and the variable region of a single
heavy chain 1s a disulfide bond. In some embodiments, a “(dsFv)2” or “(dsFv-dsFv')”
comprises three peptide chains: two VH moieties linked by a peptide linker (e.g. a
long flexible linker) and bound to two VL moieties, respectively, via disulfide bridges.
In some embodiments, dsFv-dsFv' 1s bispecific in which each disulfide paired heavy

and light chain has a different antigen specificity.

[00174] The term “chimeric” as used herein, means an antibody or antigen-binding
fragment, having a portion of heavy and/or light chain derived from one species, and
the rest of the heavy and/or light chain derived from a different species. In an
1llustrative example, a chimeric antibody may comprise a constant region derived
from human and a variable region from a non-human animal, such as from mouse.
In some embodiments, the non-human animal 1s a mammal, for example, a mouse, a

rat, a rabbit, a goat, a sheep, a guinea pig, or a hamster.

[00175] The term “humanized” as used herein means that the antibody or

antigen-binding fragment comprises CDRs derived from non-human animals, FR
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regions derived from human, and when applicable, the constant regions derived from

human.

[00176] The term “affinity” as used herein refers to the strength of non-covalent
interaction between an immunoglobulin molecule (1.e. antibody) or fragment thereof

and an antigen.

[00177] The term “specific binding” or “specifically binds” as used herein refers to a
non-random binding reaction between two molecules, such as for example between an
antibody and an antigen. Specific binding can be characterized in binding affinity,
for example, represented by Kp value, 1.e., the ratio of dissociation rate to association

rate (kos/kon) when the binding between the antigen and antigen-binding molecule

reaches equilibrium. Kp may be determined by using any conventional method
known 1n the art, including but are not limited to surface plasmon resonance method,
Octet method, microscale thermophoresis method, HPLC-MS method and FACS
assay method. A Kp value of <10° M (e.g. <5x107 M, <2x107" M, <10 M,
<5x10° M, <2x10° M, <10° M, <5x10° M, <4x10” M, <3x10” M, <
2x10° M, or <10” M) can indicate specific binding between an antibody or antigen

binding fragments thereof and PD-L1 (e.g. human PD-L1 or cynomolgus PD-L1).

[00178] The ability to “compete for binding to PD-L1” as used herein refers to the
ability of a first antibody or antigen-binding fragment to inhibit the binding
interaction between PD-L1 and a second anti-PD-L1 antibody to any detectable
degree. In certain embodiments, an antibody or antigen-binding fragment that
compete for binding to PD-L1 1nhibits the binding interaction between PD-L1 and a
second anti- PD-L1 antibody by at least 85%, or at least 90%. In certain

embodiments, this inhibition may be greater than 95%, or greater than 99%.

[00179] The term “amino acid” as used herein refers to an organic compound
containing amine (-NH;,) and carboxyl (-COOH) functional groups, along with a side

chain specific to each amino acid. The names of amino acids are also represented as
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standard single letter or three-letter codes in the present disclosure, which are

summarized as follows.
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[00180] The terms “polypeptide”, “peptide” and “protein” are used interchangeably
herein to refer to a polymer of amino acid residues. The terms also apply to amino
acid polymers in which one or more amino acid residue 1s an artificial chemical
mimetic of a corresponding naturally occurring amino acid, as well as to naturally

occurring amino acid polymers and non-naturally occurring amino acid polymers.

[00181] A “conservative substitution” with reference to amino acid sequence refers to
replacing an amino acid residue with a different amino acid residue having a side
chain with similar physiochemical properties. For example, conservative
substitutions can be made among amino acid residues with hydrophobic side chains
(e.g. Met, Ala, Val, Leu, and Ile), among amino acid residues with neutral hydrophilic

side chains (e.g. Cys, Ser, Thr, Asn and Gln), among amino acid residues with acidic
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side chains (e.g. Asp, Glu), among amino acid residues with basic side chains (e.g.
His, Lys, and Arg), or among amino acid residues with aromatic side chains (e.g. Trp,
Tyr, and Phe). As known 1n the art, conservative substitution usually does not cause
significant change 1n the protein conformational structure, and therefore could retain

the biological activity of a protein.

[00182] “Percent (%) sequence identity” with respect to amino acid sequence (or
nucleic acid sequence) 1s defined as the percentage of amino acid (or nucleic acid)
residues 1n a candidate sequence that are identical to the amino acid (or nucleic acid)
residues 1n a reference sequence, after aligning the sequences and, if necessary,
introducing gaps, to achieve the maximum correspondence. Alignment for purposes
of determining percent amino acid (or nucleic acid) sequence 1dentity can be achieved,
for example, using publicly available tools such as BLASTN, BLASTp (available on
the website of U.S. National Center for Biotechnology Information (NCBI), see also,
Altschul S.F. et al, J. Mol. Biol., 215:403—410 (1990); Stephen F. et al, Nucleic Acids
Res., 25:33890-3402 (1997)), ClustalW2 (available on the website of European
Bioinformatics Institute, see also, Higgins D.G. et al, Methods in Enzymology,
266:383-402 (1996); Larkin M.A. et al, Bioinformatics (Oxford, England), 23(21):
2947-8 (2007)), and ALIGN or Megalign (DNASTAR) software. Those skilled 1n
the art may use the default parameters provided by the tool, or may customize the
parameters as appropriate for the alignment, such as for example, by selecting a
suitable algorithm. In certain embodiments, the non-identical residue positions may
differ by conservative amino acid substitutions. A “conservative amino acid
substitution” 1s one 1n which an amino acid residue 1s substituted by another amino
acid residue having a side chain (R group) with similar chemical properties (e.g.,
charge or hydrophobicity). In general, a conservative amino acid substitution will not
substantially change the functional properties of a protein. In cases where two or
more amino acid sequences differ from each other by conservative substitutions, the
percent or degree of similarity may be adjusted upwards to correct for the

conservative nature of the substitution. Means for making this adjustment are well
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known to those of skill in the art. See, e.g., Pearson (1994) Methods Mol. Biol. 24

307-331, which 1s herein incorporated by reference.

[00183] As used herein, a “homologous sequence” refers to a polynucleotide
sequence (or 1ts complementary strand) or an amino acid sequence that has sequence
1dentity of at least 80% (e.g. at least 85%, 88%, 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99%) to another sequence when optionally aligned.

[00184] An “isolated” substance has been altered by the hand of man from the natural
state. If an “1solated” composition or substance occurs 1n nature, 1t has been changed
or removed from 1ts original environment, or both. For example, a polynucleotide or
a polypeptide naturally present in a living animal 1s not “isolated,” but the same
polynucleotide or polypeptide 1s “isolated” 1f 1t has been sufficiently separated from
the coexisting materials of 1ts natural state so as to exist in a substantially pure state.
An 1solated “nucleic acid” or “polynucleotide” are used interchangeably and refer to
the sequence of an 1solated nucleic acid molecule. In certain embodiments, an
“1solated antibody or antigen-binding fragment thereof” refers to the antibody or
antigen-binding fragments having a purity of at least 60%, 70%, 735%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% as determined by electrophoretic methods (such as SDS-PAGE,
1soelectric focusing, capillary electrophoresis), or chromatographic methods (such as

10on exchange chromatography or reverse phase HPLC).

[00185] The term “subject” includes human and non-human animals. Non-human
animals include all vertebrates, e.g., mammals and non-mammals, such as non-human
primates, mouse, rat, cat, rabbit, sheep, dog, cow, chickens, amphibians, and reptiles.

Except when noted, the terms “patient” or “subject” are used herein interchangeably.

[00186] “Treating” or “treatment” of a condition as used herein includes preventing
or alleviating a condition, slowing the onset or rate of development of a condition,

reducing the risk of developing a condition, preventing or delaying the development
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of symptoms associated with a condition, reducing or ending symptoms associated
with a condition, generating a complete or partial regression of a condition, curing a

condition, or some combination thereof.

[00187] The term “vector” as used herein refers to a vehicle into which a genetic
element may be operably inserted so as to bring about the expression of that genetic
element, such as to produce the protein, RNA or DNA encoded by the genetic element,
or to replicate the genetic element. A vector may be used to transform, transduce, or
transfect a host cell so as to bring about expression of the genetic element 1t carries
within the host cell. Examples of vectors include plasmids, phagemids, cosmids,
artificial chromosomes such as yeast artificial chromosome (YAC), bacterial artificial
chromosome (BAC), or P1-derived artificial chromosome (PAC), bacteriophages such
as lambda phage or M13 phage, and animal viruses. A vector may contain a variety
of elements for controlling expression, including promoter sequences, transcription
1nitiation sequences, enhancer sequences, selectable elements, and reporter genes. In
addition, the vector may contain an origin of replication. A vector may also include
materials to aid in 1ts entry into the cell, including but not limited to a viral particle, a
liposome, or a protein coating. A vector can be an expression vector or a cloning
vector. The present disclosure provides vectors (e.g. expression vectors) containing
the nucleic acid sequence provided herein encoding the antibody or antigen-binding
fragment thereof, at least one promoter (e.g. SV40, CMV, EF-1a) operably linked to

the nucleic acid sequence, and at least one selection marker.

[00188] The “host cell” as used herein refers to a cell into which an exogenous

polynucleotide and/or a vector has been introduced.

[00189] The term “soluble” as used herein refers to the capability of a molecule (e.g.,

protein) of being dissolved 1n a solvent, such as a liquid and an aqueous environment.

[00190] The terms “transforming growth factor beta” and “TGFp” as used herein

refer to any of the TGFP family proteins that have either the full-length, native amino
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acid sequence of any of the TGF-betas from subjects (e.g. human), including the
latent forms and associated or unassociated complex of precursor and mature TGFf
(“latent TGFB”). Reference to such TGFP herein will be understood to be a
reference to any one of the currently identified forms, including TGFp1, TGF[2,
TGFP3 1soforms and latent versions thereof, as well as to human TGF[} species
1dentified 1n the future, including polypeptides derived from the sequence of any
known TGFp and being at least about 75%, preferably at least about 80%, more
preferably at least about 85%, still more preferably at least about 90%, and even more
preferably at least about 95% homologous with the sequence. The specific terms
“TGFB1,” “TGFR2,” and “TGFP3” refer to the TGF-betas defined 1n the literature,
e.g., Derynck et al., Nature, Cancer Res., 47: 707 (1987);, Seyedin et al., J. Biol
Chem., 261: 5693-5695 (1986); deMartin et al., EMBO J., 6: 3673 (1987); Kuppner ef
al., Int. J. Cancer, 42: 562 (1988). The terms “transforming growth factor beta”,

“TGFP”, “TGFbeta”, “TGF-p”, and “TGF-beta” are used interchangeably in the

present disclosure.

[00191] As used herein, the term “human TGFB1” refers to a TGFp1 protein

encoded by a human TGFB1 gene (e.g., a wild-type human TGFBI1 gene). An

exemplary wild-type human TGFP1 protein 1s provided by GenBank Accession No.

NP 000651.3. As used herein, the term “human TGFB2” refers to a TGF[2 protein

encoded by a human TGFB2 gene (e.g, a wild-type human TGFB2 gene).

Exemplary wild-type human TGFB2 proteins are provided by GenBank Accession

Nos. NP 001129071.1 and NP 003229.1. As used herein, the term “human TGF[(3”
refers to a TGFP3 protein encoded by a human TGFB3 gene (e.g., a wild-type human

TGFB3 gene). Exemplary wild-type human TGFB3 proteins are provided by

GenBank Accession Nos. NP 003230.1, NP 001316868.1, and NP 001316867.1.

[00192] As used herein, the terms “mouse TGFP1”, “mouse TGFB2”, and
“mouse TGFP3” refer to a TGFB1 protein, TGFP2 protein, and TGFB3 protein

encoded by a mouse TGFBI1 gene (e.g., a wild-type mouse TGFB1 gene), mouse
TGFB2 gene (e.g., a wild-type mouse TGFB2 gene), and mouse TGFB3 gene (e.g., a
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wild-type mouse TGFB3 gene), respectively. Exemplary wild-type mouse (Mius
musculus) TGFB1 protein are provided by GenBank Accession Nos. NP 035707.1
and CAA08900.1. An exemplary wild-type mouse TGFPB2 protein 1s provided by
GenBank Accession No. NP 0333932, An exemplary wild-type mouse TGF[33
protein 1s provided by GenBank Accession No. AAA40422.1.

[00193] The term “TGF[ receptor” as used herein refers to any receptor that
binds at least one TGFP 1soform. Generally, the TGF[ receptor includes TGFp

Receptor 1 (TGFPRI), TGFP Receptor II (TGFPRII), or TGF[ Receptor III
(TGFPBRIII).

[00194] With regard to human, the term “TGF[3 Receptor I’ or “TGFPRI” refers
to human TGF[3 Receptor Type 1 sequence, including the wild type TGFBRI as well
as all 1soforms and variants thereof known to be capable of binding to at least one
TGE 1soform. Exemplary amino acid sequence of wild type TGFBRI 1s available
under GenBank Accession No. ABD46753.1 or under UniProtKB-P36897. also
included herein as SEQ ID NO: 69. A vaniant TGFPRI may have a sequence of at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
1dentity to the amino acid sequence of SEQ ID NO: 69 and retain at least 25%, 35%,
50%, 75%, 90%, 95%, or 99% of the TGFp-binding activity of the wild-type
sequence (e.g. SEQ ID NO: 69).

[00195] With regard to human, the term “TGFP Receptor II” or “TGFBRII”
refers to human TGF[ Receptor Type 2 Isoform A sequence, including the wild type
TGFPRII as well as all 1soforms and variants thereof known to be capable of binding
to at least one TGFP 1soform. Exemplary amino acid sequence of wild type TGFRII
1soform A or 1soform 1 1s available under GenBank Accession No. NP 001020018.1
or under UniProtKB - P37173-1, also included herein as SEQ ID NO: 70, and wild
type TGFPRII 1soform B 1s available under GenBank Accession No. NP 003233 .4 or
UniProtKB - P37173-2, also included herein as SEQ ID NO: 71. A variant TGF[RII
may have a sequence of at least 80%, 85%, 90%, 91%, 92%, 93%, 94%., 95%, 96%,
97%, 98%, 99% sequence 1dentity to SEQ ID NO: 70 or 71, and retains at least 25%,
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35%, 50%, 75%, 90%, 95%, or 99% of the TGFp-binding activity of the wild-type
sequence (e.g. SEQ ID NO: 70 or 71).

[00196] With regard to human, the term “TGF[ Receptor III” or “TGFBRIII”
refers to human TGFP Receptor Type 3 sequence, including the wild type TGFBRII as
well as all 1soforms and varnants. Exemplary amino acid sequence of wild type
TGFBRIII 1s available under GenBank Accession No. NP 003234.2 or under
UniProtKB - Q03167, also included herein as SEQ ID NO: 72.

[00197] As used herein, the term “variant” with respect to a certain reference
protein or peptide means a modified version of the reference protein or peptide, e.g.,
functional equivalents, fragments, fusions, derivatives, mimetics, or any combination
thereof, that has an amino acid sequence of at least 70% (e.g. 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%) sequence identity to the reference
sequence, and retains at least 25% (e.g. 35%, 50%, 75%, 90%, 95%, or 99%) of the
biological activity or binding activity of the reference sequence (e.g. the wild-type
sequence). The variant can be a fragment, mutant, a fusion, a truncation, or any

combination thereof, of the reference protein or peptide.

[00198] The term “Interleukin-1" or “IL-1" as used herein include IL-1o and

IL-1f3, their precursors (e.g. pro-IL-1o and pro-IL-1[3), 1soforms, and variants.

[00199] As used herein, the term “human IL-1a” refers to an IL-loa protein
encoded by a human IL1A gene (e.g., a wild-type human IL1A gene), and the

1soforms, and variants. An exemplary wild-type human IL1a protein 1s provided by

UniProtKB - PO1583.

[00200] As used herein, the term “human IL-1" refers to an IL-1[3 protein

encoded by a human IL1B gene (e.g., a wild-type human IL1B gene). An exemplary

wild-type human IL1[3 protein 1s provided by GenBank Accession No. NP 0005671,
or under UniProtKB - CO9JVKO.

[00201] The term “IL-1 receptor” or “IL-1R” as used herein refers to a receptor

that can bind to IL-1, including all wild type receptors, 1soforms, and variants thereof
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capable of binding to IL-1. Generally, there are two types of IL-1 receptors, 1.e.,
IL-1 Receptor I (IL-1RI), and IL-1 Receptor II (IL-1RII). IL-1RII acts as a decoy
receptor that binds to ligand without transducing a signal. Proteolytical cleavage of
IL-1RII results in formation of soluble receptors, e.g., IL-1sRI and IL-1sRII, which
bind to ligand without transducing signal (see, details in Thomas G. Kennedy,
Chapter V.B.2., in Encyclopedia of Hormones, 2003). IL-1sRI and IL-1sRII are
proteolytic cleavage products of IL-1RII and can be a group of extracellular domain
fragments of IL-1RII. The term IL-1R 1s also intended to encompass the coreceptor
IL-1RAP, which can associate with IL-1RI bound to IL-1[3 to form the high affinity
interleukin-1 receptor complex which mediates interleukin-1-dependent activation of

NF-kappa-B and other pathways.

[00202] As used herein, the term “IL-1RI” includes the wild type IL-1RI as well

as all 1soforms and varnants thereotf capable of binding to IL-low and/or IL-1[3.
Exemplary amino acid sequence of wild type IL-1RI 1s available under UniProtKB -
P14778, also included herein as SEQ ID NO: 73.

[00203] As used herein, the term “IL-1RII” includes the wild type IL-1RII as

well as all 1soforms and variants thereof capable of binding to IL-1a and/or IL-1[3.
Exemplary amino acid sequence of wild type IL-1RII 1s available under UniProtKB -
P27930, also included herein as SEQ ID NO: 75.

[00204] As used herein, the term “IL-1RAP” includes the wild type IL-1RAP as

well as all 1soforms and variants thereof capable of binding to IL-1R bound to IL-1[3.
Exemplary amino acid sequence of wild type IL-1RAP 1s available under UniProtKB
- QONPH3, also included herein as SEQ ID NO: 74.

[00205] As used herein, the term “IL-1sRI” includes all soluble forms of IL-1RI
that may be produced by proteolytic cleavage involving metalloproteinase.
Naturally occurring IL-1sRI may have a molecular weight ranging from about 45 kDa

to 60 Kda. This term also encompasses all i1soforms and variants of IL-1sRI, capable

of binding to IL-1co and/or IL-1[3.
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[00206] As used herein, the term “IL-1sRII” includes all soluble forms of
IL-1RII that may be produced by proteolytic cleavage involving metalloproteinase.
Naturally occurring IL-1sRII may have a molecular weight ranging from about 45

kDa to 60 Kda. This term also encompasses all 1soforms and variants of IL-1sRII,

capable of binding to IL-1o and/or IL-1[3.

[00207] The term “IL-1 receptor antagonist” as used herein generally include
any protein that can compete with IL-1a or IL-1f3 for binding to IL-1 receptor, and
inhibits activity of IL-la or IL-1[3. IL-1 receptor antagonist can 1nclude
naturally-occurring antagonists such as IL-1Ra, IL-1sRI and IL-1sRII, as well as other
artificial antagonists that can block binding of IL-1a or IL-1f3 for binding to IL-1

receptor, in particular IL-1RI.

[00208] The term “IL-1Ra” as used herein include the wild type IL-1Ra as well

as all 1soforms and variants thereof capable of binding to IL-la and/or IL-1J3.
Exemplary amino acid sequence of wild type IL-1Ra 1s available under UniProtKB -

P18510, also included herein as SEQ ID NO: 76.

[00209] “Cancer”’ as used herein refers to any medical condition characterized
by malignant cell growth or neoplasm, abnormal proliferation, infiltration or
metastasis, and can be benign or malignant, and includes both solid tumors and
non-solid cancers (e.g. hematologic malignancies) such as leukemia. As used herein

“solid tumor” refers to a solid mass of neoplastic and/or malignant cells.

[00210] The term “pharmaceutically acceptable” indicates that the designated
carrier, vehicle, diluent, excipient(s), and/or salt 1s generally chemically and/or
physically compatible with the other ingredients comprising the formulation, and

physiologically compatible with the recipient thereof.

[00211] Reference to “about” a value or parameter herein includes (and
describes) embodiments that are directed to that value or parameter per se. For
example, description referring to “about X” includes description of “X.” Numeric

ranges are inclusive of the numbers defining the range. Generally speaking, the term
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“about” refers to the indicated value of the variable and to all values of the variable
that are within the experimental error of the indicated value (e.g. within the 95%
confidence interval for the mean) or within 10 percent of the indicated value,

whichever 1s greater.

[00212] The term “fusion” or “fused” when used with respect to amino acid
sequences (e.g. peptide, polypeptide or protein) refers to combination of two or more
amino acid sequences, for example by chemical bonding or recombinant means, into a
single amino acid sequence which does not exist naturally. A fusion amino acid
sequence may be produced by genetic recombination of two encoding polynucleotide
sequences, and can be expressed by a method of introducing a construct containing

the recombinant polynucleotides into a host cell.

[00213] The term “pharmaceutically acceptable” indicates that the designated
carrier, vehicle, diluent, excipient(s), and/or salt 1s generally chemically and/or
physically compatible with the other ingredients comprising the formulation, and

physiologically compatible with the recipient thereof.

I. Bi-functional Molecules Targeting an Immune Checkpoint Molecule and
Blocking 11.-1 Activity

[00214] The present disclosure provides a bi-functional molecule comprising a
first moiety that binds to an immune checkpoint molecule, and a second moiety that
blocks activity of Interleukin-1 (IL-1). The bi-functional molecule provided herein
allows blockade and/or reduction 1n IL-1 activity 1n a tumor microenvironment by
blocking the interaction between IL-1 and the IL-1 Receptor with either an
IL-1-binding moiety or an IL-1 Receptor (IL-1R)-binding moiety (i.e., the second
moiety of the bi-functional molecule). The IL-1-binding moiety and/or the
IL-1R-binding moiety can be linked to a moiety targeting an immune checkpoint
molecule which can be found on the surface of certain tumor cells or immune cells

(1.e., the first moiety of the bi-functional molecule).
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[00215] IL-1 1s an inflammatory cytokine. Inflammation 1s an important
component of the tumor microenvironment, and IL-1 plays a key role 1n
carcinogenesis and tumor progression (A. Mantovam et al, Immunol Rev. 2018 Jan;
281(1): 57-61.). IL-1 acts at different levels 1n tumor initiation and progression,
including driving chronic non-resolving inflammation, tumor angiogenesis, activation
of the IL-17 pathway, induction of myeloid-derived suppressor cells (MDSC) and

macrophage recruitment, invasion and metastasis (/d.).

[00216] Immune checkpoint molecules are expressed on certain immune cells
such as T cells, Natural Killer cells, and so on. Some cancer cells may also express
certain immune checkpoint molecules, which can block activation of the immune
check point, thereby enabling the cancer cells to evade surveillance of the immune

system.

[00217] By reducing IL-1 in the tumor microenvironment, and reducing check
point blockade, the present disclosure provides a novel bi-functional molecule that
could be useful for treating immune check point related diseases such as cancer,

autormmune diseases, infectious diseases, and so on.

[00218] In certain embodiments, the first moiety comprises an agonist of a
check point molecule that has immunostimulatory or costimulatory activity. Such

immunostimulatory check point molecules can include, without limitation, CD27,

CD70, CD28, CD80 (B7-1), CD86 (B7-2), CD40, CD40L (CD154), CD122, CD137,
CD137L, OX40 (CD134), OX40L (CD252), GITR, ICOS (CD278), and ICOSLG
(CD275), CD2, , ICAM-1, LFA-1 (CD11a/CD18), CD30, BAFFR, HVEM, CD7,
LIGHT, NKG2C, SLAMF7, NKp80, CD160, and CD83.

[00219] In certain embodiments, the first moiety comprises an inhibitor of a
check point molecule that has immunoinhibitory or co-inhibitory activity. Such

immune 1nhibitory check point molecules can include, without limitation, A2ZAR,

B7-H3 (CD276), B7-H4 (VTCN1), BTLA (CD272), CTLA-4 (CD152), IDO1, IDO2,
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TDO, KIR, LAG3, NOX2, PD-1, PD-L1, PD-L2, TIM-3, VISTA, SIGLEC7 (CD328),
TIGIT, PVR(CD155), SIGLECY (CD329), CD160, LAIR1, 2B4 (CD244), CD47, and
B7-HS.

[00220] In certain embodiments, the immune checkpoint molecule 1s PD-L1. In
certain embodiments, the first moiety comprises an antibody moiety against PD-L1 or
an antigen-binding fragment thereof. In certain embodiments, the first moiety
comprises an antagonist antibody moiety against PD-L1 or an antigen-binding

fragment thereof.

[00221] In certain embodiments, the second moiety comprises an IL-1-binding

moiety or an IL-1 Receptor (IL-1R)-binding moiety.

[00222] Both IL-1a and IL-1P are proinflammatory and bind to IL-1R. Upon
binding to IL-1a or IL-1p, IL-1R can recruit both the IL-1R accessory protein and the
adaptor protein MyD88 to the receptor complex, resulting in activation of the
downstream signaling cascade and ultimately 1n the activation of a myriad of immune
and inflammatory genes. It 1s found by the present inventors that, blocking the
activity of IL-1 or 1ts binding to IL-IR would be useful in combination with

modulation of immune check point molecules.

[00223] In certain embodiments, the IL-1 1s IL-loc or IL-1[B.In certain

embodiments, the IL-1[3 1s human IL-1[.

[00224] In certain embodiments, the second moiety comprises an IL-1-binding
moiety. In certain embodiments, the IL-1-binding moiety specifically binds to IL-1a
or IL-1B. In certain embodiments, the IL-1-binding moiety comprises a soluble
IL-1R, an IL-1-binding fragment or variant of an IL-1R, or an antibody against I1L-1

or an antigen-binding fragment thereof.

[00225] A soluble IL-1R can be a domain or fragment of the IL-1R, for example,

the extracellular domain (ECD) of the IL-1R. Alternatively, a soluble IL-1R can
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also be IL-1sRI or IL-1sRII, which are isoforms that are naturally soluble and capable

of binding to IL-1.

[00226] A skilled person would understand that 1t could be sufficient to for a
shortened fragment of IL-1RI, or ECD of IL-1RI, or IL-1RII, or ECD of IL-1RII, or
IL-1RAP, or ECD of IL-1RAP, or IL-1sRI or IL-1sRII, to bind to IL-1 (e.g. IL-1a or
IL-1pP), as long as such a fragment contains the IL-1 binding domain. Therefore, the
present disclosure also encompasses all the IL-1-binding fragments and variants of
any of IL-1RI, ECD of IL-1RI, or IL-1RII, or ECD of IL-1RII, or IL-1RAP, or ECD
of IL-IRAP IL-1sRI and IL-1sRII. In certain embodiments, the IL-1-binding moiety
comprises an amino acid sequence of SEQ ID NOs: 73, 74, or 75, or an IL-1 binding
fragment or variant thereof. In certain embodiments, the IL-1-binding moiety

comprises an amino acid sequence having at least 80% sequence 1dentity to any of

SEQ ID NOs: 73, 74, and 75, or an IL-1 binding fragment or variant thereof.

[00227] In certain embodiments, the IL-1-binding moiety comprises an antibody

against IL-1 or an antigen-binding fragment thereof. Antibodies against IL-1 or its

antigen-binding fragment may also be used, as long as such antibodies or

antigen-binding fragment can interfere with the binding of IL-1 (e.g., IL-1la or IL-1[3)
to IL-1R.

[00228] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises a heavy chain variable region and/or a light varnable
region from an anti-IL-1a antibody selected from the group consisting of: XB2001,
lutikizumab, LY2189102 and bermekimab, or from an anti-IL-1 antibody selected

from the group consisting of: SSGJ-613, CDP484, canakinumab and gevokizumab.

[00229] In certain embodiments, the antibody against IL-1 or an antigen-binding

fragment thereof comprises: a heavy chain variable region comprising a HCDRI1

comprising a sequence of SEQ ID NO: 104 or SEQ ID NO: 112, a HCDR2
comprising a sequence of SEQ ID NO: 105 or SEQ ID NO: 113, and a HCDR3
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comprising a sequence of SEQ ID NO: 106 or SEQ ID NO: 114, and/or a light chain
variable region comprising a LCDR1 comprising a sequence of SEQ ID NO: 107 or
SEQ ID NO: 115, a LCDR2 comprising a sequence of SEQ ID NO: 108 or SEQ ID
NO: 116, and a LCDR3 comprising a sequence of SEQ ID NO: 109 or SEQ ID NO:.
117.

[00230] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 104, a HCDR2 comprising a sequence of SEQ
ID NO: 105, and a HCDR3 comprising a sequence of SEQ ID NO: 106, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
107, a LCDR2 comprising a sequence of SEQ ID NO: 108, and a LCDR3 comprising
a sequence of SEQ ID NO: 109.

[00231] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 112, a HCDR2 comprising a sequence of SEQ
ID NO: 113, and a HCDR3 comprising a sequence of SEQ ID NO: 114, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
115, a LCDR2 comprising a sequence of SEQ ID NO: 116, and a LCDR3 comprising
a sequence of SEQ ID NO: 117.

[00232] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, SEQ ID NO: 110, and a
homologous sequence thereof having at least 80% sequence 1dentity thereof, and/or a
light chain variable region comprising a sequence selected from the group consisting

of SEQ ID NO: 103, SEQ ID NO: 111, and a homologous sequence thereof having at

least 80% sequence 1dentity thereof.
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[00233] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, and a homologous sequence
thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 103,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[00234] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 110, and a homologous sequence
thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 111,
and a homologous sequence thereof having at least 80% sequence 1dentity thereof.In

certain embodiments, the second moiety comprises an IL-1R-binding moiety.

[00235] In certain embodiments, the IL-1R-binding moiety comprises IL-1Ra or
an IL-1R-binding fragment or variant thereof. IL-1Ra 1s an antagonist of IL-1R and
can compete with IL-1a or IL-1p for binding to IL-1R. Similarly, a skilled person
would understand that 1t could be sufficient for a shortened fragment of IL-1Ra to be
useful 1n binding to IL-1R and/or compete with IL-lo or IL-1B. In certain
embodiments, the IL-1R-binding moiety comprises a truncated form of IL-1Ra. In
certain embodiments, the IL-1R-binding moiety comprises an amino acid sequence of
SEQ ID NO: 67 or 76, or any IL-1 binding fragment or variant thereof. In certain
embodiments, the IL-1R-binding moiety comprises an amino acid sequence having at
least 80% sequence 1dentity to SEQ ID NO: 67 or 76, or any IL-1 binding fragment or
variant thereof. A skilled person would understand that, a variant of a wild-type
IL-1Ra could also be useful 1in the present disclosure, as long as such a variant 1s

capable of compete with IL-1a, or IL-1[3 for binding with IL-1R.

[00236] In certain embodiments, the IL-1R-binding moiety comprises an

antibody against IL-1R or an antigen-binding fragment thereof. Antibodies against
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IL-1R or i1ts antigen-binding fragment may also be used, as long as such antibodies or

antigen-binding fragment can compete with IL-1a or IL-1f3 for binding with IL-1R.

[00237] In certain embodiments, the antibody against IL-1R or an
antigen-binding fragment thereof comprises a heavy chain variable region and/or a
light vanable region from an antibody selected from the group consisting of:

spesolimab, astegolimab, 1msidolimab, AMG 108, melrnlimab, nidanilimab,

2

MEDI8968, REGN6490, HB0034 and CSCO012.

I1. Bi-functional Molecules Targeting PD-L.1 and a second moiety
[00238] Therapeutic efficacy of PD-1/PD-L1 axis checkpoint inhibitors (e.g.

PD-L1 antibodies) could be limited when a tumor microenvironment (“TME”) 1s
enriched with immunosuppressive cytokines. Signaling of such immunosuppressive
cytokines in the localized microenvironment can reduce tumor-infiltrating T cells, and

skew them toward Tregs and attenuate the activation of immune effector cells.

[00239] In one aspect, the present disclosure provides a novel bi-functional
molecule, comprising a first moiety that binds to PD-L1, and a second moiety that a)
blocks activity of an immunosuppressive cytokine or b) stimulates anti-tumor
immunity. The molecule may be a compound, a peptide, a polypeptide, a protein, or
any combination thereof. The second moiety can restore the immune response 1n the
tumor microenvironment, by either blocking an 1mmunosuppressive activity or

cytokine, or increasing or stimulating immunity.

[00240] In certain embodiments, the bi-functional molecule provided herein
comprises first moiety that binds to PD-L1 (1.e., a PD-L1-binding moiety), and a

second moiety that blocks activity of an immunosuppressive cytokine.

[00241] In certain embodiments, an immunosuppressive cytokine comprises a

cytokine 1n transforming growth factor beta (TGF-P) superfamily, IL-1, or Vascular

endothelial growth factor (VEGF). In certain embodiments, the immunosuppressive
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cytokine in TGF- superfamily includes bone morphogenetic proteins (BMPs),

activins, NODAL, and growth and differentiation factors (GDFs).

[00242] In certain embodiments, the immunosuppressive cytokine 1s TGF-[3. In

certain embodiments, the immunosuppressive cytokine 1s IL-1.

[00243] In certain embodiments, the second moiety comprises a TGF[3-binding
moiety. In certain embodiments, the second moiety comprises an IL-1-binding moiety.
As used herein, the term “binding moiety”, “binding fragment” refers to a moiety or
fragment that has an ability to specifically bind to a target molecule or complex. The
term “TGFB-binding moiety” refers to a moiety that has an ability to specifically bind
to one or more family members or 1soforms of the TGF[} family (e.g. TGFB1, TGF[32,
or TGFPB3). Similarly, the term “IL-1-binding moiety” refers to a moiety that has an

ability to specifically bind to one or more family members of the IL-1 family (e.g.,

IL-1o, IL-1B).

[00244] In certain embodiments, the bi-functional molecule provided herein
comprises first moiety that binds to PD-L1 (1.e., a PD-L1-binding moiety), and a
second moiety that stimulates anti-tumor immunity. In certain embodiments, the
second moiety comprises an immunostimulatory polypeptide or a functional
equivalent thereof or a varniant thereof. In certain embodiments, the
immunostimulatory polypeptide 1s Interleukin(IL)-2 (IL-2), IL-15, IL-21, IL-10,
IL-12, IL-23, IL-27, IL-35, granulocyte-macrophage colony-stimulating factor
(GM-CSF), soluble CD4, soluble LAG-3, or IFN-q, or a functional equivalent thereof.

[00245] In certain embodiments, the second moiety comprises an antagonist of

an 1mmunoinhibitory receptor signaling. In certain embodiments, the

immunoinhibitory receptor 1s SIRPa.

[00246] In certain embodiments, the bi-functional molecule comprises one or
more of the second moieties. In certain embodiments, the one or more of the second

moieties may be of the same type, for example, each of them may block activity of an
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immunosuppressive cytokine, or each of them may stimulate anti-tumor immunity.
In certain embodiments, the one or more of the second moieties may be of different
types. In certain embodiments, each of the second moieties may have the same

sequence, or may have different in amino acid sequences.

1. TGEP-Binding Moiety

[00247] In certain embodiments, the TGF[3-binding moiety comprises a soluble
TGF[ Receptor (TGFBR) or a TGF[-binding fragment or variant thereof, or an

antibody against TGF[3 and an antigen-binding fragment thereof.

[00248] The “TGFp-binding moiety” may also be referred to as “TGF[} Trap” 1n
the present disclosure. Accordingly, a protein targeting both PD-L1 and TGF[3 may

also be referred to as “anti-PD-L1/TGF[ Trap” 1n the present disclosure.

[00249] In certain embodiments, the TGF[(-binding moiety binds to human
and/or mouse TGFB. In certain embodiments, the TGFP-binding moiety 1s capable
of antagonizing and/or inhibiting TGFp signaling pathway. In certain embodiments,

the TGFB-binding moiety 1s capable of antagonizing and/or inhibiting TGFp.

[00250] In the present disclosure, the TGFp-binding moiety can comprise any
moiety that specifically binds to one or more family members or isoforms of TGFf3
family. In certain embodiments, the TGF[B-binding moiety comprises a moiety that
binds to TGFP1 (e.g. human TGFP1), TGFP2 (e.g. human TGFp2), and/or TGF[33
(e.g. human TGF[33), or a variant thereof that has similar or improved TGF[3 binding
affinity. In certain embodiments, the TGFB-binding moiety comprises a moiety that
binds to TGFB1 (e.g. human TGFP1). In certain embodiments, the TGFB-binding
moiety comprises a moiety that binds to TGFP2 (e.g. human TGFp2). In certain
embodiments, the TGFP-binding moiety comprises a moiety that binds to TGFP3 (e.g.
human TGFP3). In certain embodiments, the TGFP-binding moiety comprises a
moiety that specifically binds to both TGFB1 (e.g. human TGFB1) and TGFB2 (e.g.
human TGFp2). In certain embodiments, the TGFp-binding moiety comprises a
moiety that specifically binds to both TGFP1 (e.g. human TGFB1) and TGFB3 (e.g.
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human TGFB3). In certain embodiments, the TGFP-binding moiety comprises a
moiety that specifically binds to both TGFB2 (e.g. human TGFB2) and TGFB3 (e.g.
human TGFPB3). In certain embodiments, the TGFB-binding moiety comprises a
moiety that specifically binds to each of TGFP1 (e.g. human TGFP1), TGFB2 (e.g.
human TGFB2), and TGFB3 (e.g. human TGFp3). A person skilled in the art would
appreciate that a TGFB-binding moiety that binds to one family member or 1soform of
TGFB family may be capable of binding to one or more other family members or

1soforms of TGF[3 family with similar or higher affinity.

[00251] In certain embodiments, the TGFB-binding moiety comprises a moiety
that selectively binds to TGFB1 over TGF[32, and/or over TGF3.

[00252] In certain embodiments, the TGFB-binding moiety comprises a moiety

that specifically binds to human TGFB1 and mouse TGF[31 with similar affinity.

[00253] In certain embodiments, the TGFP-binding moiety of the present

disclosure comprises a soluble TGF[3 Receptor (TGF[3R) or a TGF[3-binding fragment

or a variant thereof

[00254] Exemplary TGF[3 Receptors include TGFBRI, TGFBRII and TGFBRIIL
In certain embodiments, the TGF[3 Receptor 1s selected from the group consisting of
TGF[p Receptor I (TGFBRI), TGF Receptor II (TGFBRII), TGF[3 Receptor III
(TGFBRIII), and any combination thereof. In certain embodiments, the TGF[3
receptor 1s TGFBRI (e.g. human TGFBRI). In certain embodiments, the TGF[3
receptor 18 TGFBRII (e.g. human TGFPRII). In certain embodiments, the TGF[3
receptor 1s TGFPRIII (e.g. human TGFBRIII).

[00255] In certain embodiments, the TGFp-binding moiety comprises an
extracellular domain (ECD) of a TGFp receptor (e.g. a human TGFp receptor), or a

TGF[-binding fragment or a variant thereof. In certain embodiments, the ECD of a
TGEP receptor comprises an ECD of TGFBRI (e.g. human TGFPRI), an ECD of

TGFBRII (e.g. human TGFBRII), an ECD of TGFBRIII (e.g¢. human TGFBRIII), or
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any combination thereof. In certain embodiments, the ECD of the TGFPRII
comprises an amino acid sequence of SEQ ID NO: 66, 79, or an amino acid sequence
having at least 80% (e.g. at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99%) sequence 1dentity thereof yet retaining binding
specificity to TGF[. In certain embodiments, the ECD of the TGFBRI comprises an
amino acid sequence of SEQ ID NO: 77, or an amino acid sequence having at least 80%
(e.g. at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99%) sequence i1dentity thereof yet retaining binding specificity to
TGFp. In certain embodiments, the ECD of the TGFBRIII comprises an amino acid
sequence of SEQ ID NO: 78, or an amino acid sequence having at least 80% (e.g. at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

or 99%) sequence 1dentity thereof yet retaining binding specificity to TGFp.

[00256] In certain embodiments, the TGF[-binding moiety comprises an
antibody against TGF[(3 and an antigen-binding fragment thereof. Exemplary
ant1-TGFP antibodies include fresolimumab and metelimumab, as well as the
ant1-TGF[ antibodies or antigen-binding fragments thereof described 1n, for example,

US7494651B2, US8383780B2, US8012482B2, W02017141208A1, each of which is

incorporated herein by reference 1n its entirety.

[00257] In certain embodiments, the TGFpB-binding moiety comprises a
combination of one or more ECDs of one or more TGF[} receptors and/or one or more

ant1-TGF[3 antibodies or antigen-binding fragments thereof.

[00258] The one or more ECDs may be the same or different. For example,
the TGFP-binding moiety may comprise identical repeats of an ECD of a TGFp
receptor, or alternatively may comprise a combination of different ECD sequences of
the same TGFP receptor, or alternatively may comprise a combination of different
ECDs from different TGF[3 receptors. Similarly, the one or more anti-TGF[3

antibodies may be the same of different.
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[00259] In certain embodiments, the TGFPB-binding moiety comprises a
combination (or fusion) of ECDs selected from the group consisting of: ECD of
TGFBRI (e.g. human TGFBRI), ECD of TGFBRII (e.g. human TGFBRII), ECD of
TGFBRIII (e.g. human TGFBRIII), or any combination thereof.

[00260] In certain embodiments, the TGFB-binding moiety comprises a

combination (or fusion) of one or more anti-TGF[3 antibodies or antigen-binding

fragments thereof.

[00261] In certain embodiments, the TGFp-binding moiety comprises a
combination (or fusion) of ECDs selected from the group consisting of: ECD of
TGFBRI (e.g. human TGFpRI), ECD of TGFBRII (e.g. human TGFBRII), ECD of
TGFBRIII (e.g. human TGFPRII), one or more anti-TGFB antibodies or

antigen-binding fragments thereof, or any combination thereof.

Ii. I1L-1-Binding Moiety
[00262] In certain embodiments, the second moiety comprises an IL-1-binding

moiety. In certain embodiments, the IL-1 1s IL-1a or IL-1[3. In certain embodiments,

the IL-13 1s human IL-1[3.

[00263] In certain embodiments, the IL-1-binding moiety specifically binds to
IL-1a or IL-1B. In certain embodiments, the IL-1-binding moiety comprises a

moiety that selectively binds to IL-1 over IL-1a, or selectively binds to IL-1a over

IL-1.

[00264] In certain embodiments, the IL-1-binding moiety comprises a soluble
IL-1R, an IL-1-binding fragment or variant of an IL-1R, or an antibody against IL-1

or an antigen-binding fragment thereof.

[00265] A soluble IL-1R can comprise a domain or fragment or variant of the
IL-1R, for example, the extracellular domain (ECD) of the IL-1R. Alternatively, a
soluble IL-1R can also comprise IL-1sRI or IL-1sRII, which are i1soforms that are

naturally soluble and capable of binding to IL-1.
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[002606] A skilled person would understand that 1t could be sufficient to for a
shortened fragment of IL-1R, or ECD of IL-1R, or IL-1sRI or IL-1sRII, to bind to
IL-1 (e.g. IL-lo or IL-1P), as long as such a fragment contains the IL-1 binding
domain. Therefore, the IL-1-binding moiety provided herein can also comprise an
IL-1-binding fragment of any of IL-1R, ECD of IL-1R, IL-1sRI and IL-1sRII. In
certain embodiments, the IL-1-binding moiety comprises an amino acid sequence of
SEQ ID NOs: 73, 74, or 75, or an IL-1 binding fragment or variant thereof. In certain
embodiments, the IL-1-binding moiety comprises an amino acid sequence having at
least 80% sequence 1dentity to any of SEQ ID NOs: 73, 74, and 75, or an IL-1 binding

fragment or variant thereof.

[00267] In certain embodiments, the IL-1-binding moiety comprises an antibody
against IL-1 or an antigen-binding fragment thereof. Antibodies against IL-1 or its
antigen-binding fragment may also be used, as long as such antibodies or
antigen-binding fragment can interfere with the binding of IL-1 (e.g., IL-1a or IL-13)
to IL-1R.

[00268] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises a heavy chain variable region and/or a light varnable
region from an anti-IL-1a antibody selected from the group consisting of: XB2001,
lutikizumab, LY2189102 and bermekimab, or from an anti-IL-1 antibody selected

from the group consisting of: SSGJ-613, CDP484, canakinumab and gevokizumab.

[00269] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 104 or SEQ ID NO: 112, a HCDR2
comprising a sequence of SEQ ID NO: 105 or SEQ ID NO: 113, and a HCDR3
comprising a sequence of SEQ ID NO: 106 or SEQ ID NO: 114, and/or a light chain
variable region comprising a LCDR1 comprising a sequence of SEQ ID NO: 107 or
SEQ ID NO: 115, a LCDR2 comprising a sequence of SEQ ID NO: 108 or SEQ ID
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NO: 116, and a LCDR3 comprising a sequence of SEQ ID NO: 109 or SEQ ID NO:
117.

[00270] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 104, a HCDR2 comprising a sequence of SEQ
ID NO: 105, and a HCDR3 comprising a sequence of SEQ ID NO: 106, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
107, a LCDR2 comprising a sequence of SEQ ID NO: 108, and a LCDR3 comprising
a sequence of SEQ ID NO: 109.

[00271] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a HCDRI1
comprising a sequence of SEQ ID NO: 112, a HCDR2 comprising a sequence of SEQ
ID NO: 113, and a HCDR3 comprising a sequence of SEQ ID NO: 114, and/or a light
chain variable region comprising a LCDR1 comprising a sequence of SEQ ID NO:
115, a LCDR2 comprising a sequence of SEQ ID NO: 116, and a LCDR3 comprising
a sequence of SEQ ID NO: 117.

[00272] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, SEQ ID NO: 110, and a
homologous sequence thereof having at least 80% sequence 1dentity thereof, and/or a
light chain variable region comprising a sequence selected from the group consisting

of SEQ ID NO: 103, SEQ ID NO: 111, and a homologous sequence thereof having at

least 80% sequence 1dentity thereof.

[00273] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 102, and a homologous sequence

thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
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region comprising a sequence selected from the group consisting of SEQ ID NO: 103,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[00274] In certain embodiments, the antibody against IL-1 or an antigen-binding
fragment thereof comprises: a heavy chain variable region comprising a sequence
selected from the group consisting of SEQ ID NO: 110, and a homologous sequence
thereof having at least 80% sequence i1dentity thereof, and/or a light chain variable
region comprising a sequence selected from the group consisting of SEQ ID NO: 111,

and a homologous sequence thereof having at least 80% sequence 1dentity thereof.

[00275] In certain embodiments, the IL-1-binding moiety comprises a
combination of one or more moieties selected from the group consisting of IL-1R,
ECD of IL-1R, IL-1sRI, IL-1sRII, antibody against IL-1, any IL-1-binding fragments
thereof, and any combination thereof. Such one or more moieties can be linked by

direct bond or can be linked by a suitable linker.

[00276] In certain embodiments, the IL-1R-binding moiety comprises IL-1Ra or
an IL-1R-binding fragment or variant thereof. IL-1Ra 1s an antagonist of IL-1R and
can compete with IL-1a or IL-1P for binding to IL-1R. Similarly, a skilled person
would understand that 1t could be sufficient for a shortened fragment of IL-1Ra to be
useful 1n binding to IL-1R and/or compete with IL-loo or IL-1B. In certain
embodiments, the IL-1R-binding moiety comprises a truncated form of IL-1Ra. In
certain embodiments, the IL-1R-binding moiety comprises an amino acid sequence of
SEQ ID NO: 67, or any IL-1 binding fragment or variant thereof. In certain
embodiments, the IL-1R-binding moiety comprises an amino acid sequence having at
least 80% sequence 1dentity to SEQ ID NO: 67, or any IL-1 binding fragment or
variant thereof. A skilled person would understand that, a variant of a wild-type
IL-1Ra could also be useful 1in the present disclosure, as long as such a variant 1s

capable of compete with IL-1a or IL-1[3 for binding with IL-1R.
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[00277] In certain embodiments, the IL-IR-binding moiety comprises an
antibody against IL-1R or an antigen-binding fragment thereof. Antibodies against
IL-1R or its antigen-binding fragment may also be used, as long as such antibodies or

antigen-binding fragment can compete with IL-1a or IL-1f3 for binding with IL-1R.

[00278] In certain embodiments, the IL-1R-binding moiety comprises a
combination of one or more moieties selected from the group consisting of IL-1Ra, an
antibody against IL-1R, any IL-1R-binding fragment or variant thereof and any
combination thereof. Such one or more moieties can be linked by direct bond or can

be linked by a suitable linker.

[00279] In certain embodiments, the antibody against IL-1R or an
antigen-binding fragment thereof comprises a heavy chain variable region and/or a
light vanable region from an antibody selected from the group consisting of:

spesolimab, astegolimab, 1msidolimab, AMG 108, melrilimab, nidanilimab,

MEDI8968, REGN6490, HB0034 and CSCO012.

11i. Immunostimulatory polypeptide
[00280] In certain embodiments, the second moiety comprises an

immunostimulatory polypeptide or a functional equivalent thereof or a variant thereof.
In certain embodiments, the immunostimulatory polypeptide 1s soluble CD4, soluble

LAG-3, or a functional equivalent thereof.

[00281] In certain embodiments, the soluble LAG-3 comprises an extracellular

domain (ECD) of the LAG-3 or a MHC class II (MHCII)-binding fragment or variant

thereof.

[00282] LAG-3 (Uniprot number: Q61790) belongs to immunoglobulin (Ig)
superfamily, which 1s a type I transmembrane protein comprising 503 amino acid.
Lag-3 comprises an intracellular domain (ICD), a transmembrane domain (TMD), and

an extracellular domain (ECD). The ECD comprises four Ig-like domains, 1.e., D1 to

56



WO 2022/105817 PCT/CN2021/131389

D4, wherein D1 comprises 9 B-chains: A, B, C, C’, C’, D, E, F and G chains.
Between the C and C’ chains, there 1s an additional sequence having about 30 amino
acids that forms an “extra loop”. Such “extra loop” has been reported to be involved
1n the interaction between LAG-3 and MHCII. In certain embodiments, the soluble
LAG-3 comprises the amino acid sequence of the extra loop, the D1 domain, D1 plus
D2 domains, or any MHC II-binding fragment or variant thereof. In certain
embodiments, the soluble LAG-3 comprises the amino acid sequence of SEQ ID NO:
99, SEQ ID NO:100, SEQ ID NO: 101, or any MHC II-binding fragment or variant

thereof.

[00283] LAG-3 1s expressed on activated T cells, natural killer cells, B cells and
plasmacytoid dendritic cells. Its principal ligand 1s MHC class II, to which 1t binds
with higher affinity than CD4. A connecting peptide (CP) exists between D4 and the
TMD of LAG-3, where cleavage occurs in presence of metalloproteinase ADAMI10
and/or ADAMI17 to produce cleaved soluble LAG-3. See, e.g., Huard et al., Proc Natl
Acad Sct U S A 1997:94:5744 - 9. Workman et al., J Immunol 2002;169:5392 -
5.d01:10.4049/jimmunol . 169.10.5392; and Lawrence et al., J Immunother Cancer.

2015; 3(Suppl 2): P216, which have herein incorporated by reference.

[00284] LAG-3 also encodes an alternative splice variant that 1s translated to a
soluble form of LAG-3. Soluble LAG-3 activates antigen-presenting cells (APCs)
through MHCII signaling, leading to increased antigen-specific T-cell responses 1n
vivo. For example, soluble LAG-3 activates dendritic cells (DC) and has been
reported to be involved 1n the proinflammatory activity of cytokine-activated (such as
TNF-o. and/or IL-12-activated) bystander T cells and 1t may directly activate DC. See,
e.g., Triebel, Trends Immunol., 2003, 24: 619-622, which 1s herein incorporated by

reference.

[00285] In certain embodiments, the soluble LAG-3 comprises Eftilagimod

alpha (IMP321) or a MHC II-binding fragment or variant thereof. IMP321 1s a

soluble dimeric recombinant form of LAG-3. IMP321 induces sustained immune
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responses by stimulating dendritic cells through MHCII molecules. Combinatory
therapy of MP321 and an anti-PD-1 antibody or an anti-PD-L1 antibody has been
shown to synergistically activate T cells (in particular, CD8+ T cells). See, e.g., Luc
et al., Future Oncol Actions Search in PubMed Search in NLM Catalog Add to Search.
2019 Jun;15(17):1963-1973. do1: 10.2217/ton-2018-0807. Epub 2019 Apr 12.; Julio
et al., Journal of Clinical Oncology, Volume 37, Issue 15; and US10874713 B, which

1S herein incorporated by reference.

1v. Antagonist of an Immunoinhibitory Receptor Signaling
[00286] In certain embodiments, the second moiety comprises an antagonist of

an 1mmunoinhibitory receptor signaling. In certain embodiments, the

immunoinhibitory receptor 1s SIRPa.

[00287] As used herein, the term “SIRPo”, interchangeably with the term
“Signal-regulatory protein alpha” refers to an inhibitory receptor expressed primarily
on myeloid cells and dendritic cells. SIRPa belongs to the SIRPs family that also
includes several other transmembrane glycoproteins, including, SIRPB and SIRPy.
Each member of the SIRPs family contains 3 similar extracellular Ig-like domains

with distinct transmembrane and cytoplasmic domains.

[00288] SIRPa can bind to CD47, which delivers a “don’t eat me” signal to
suppress phagocytosis, and blocking the CD47 mediated engagement of SIRPa on a
phagocyte can cause removal of live cells bearing “eat me” signals. CD47 1s a broadly
expressed transmembrane glycoprotein with an extracellular N-terminal IgV domain,
five transmembrane domains, and a short C-terminal intracellular tail. CD47 functions
as a cellular ligand for SIRPa. Tumor cells frequently overexpress CD47 to evade
macrophage-mediated destruction. The interaction of CD47 and SIRPa has been

shown to be involved 1n the regulation of macrophage-mediated phagocytosis

(Takenaka er al., Nature Immunol., 8(12): 1313-1323, 2007).

[00289] In certain embodiments, the second moiety blocks interaction between

CD47 and SIRPa. In a diverse range of preclinical models, therapies that block the
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interaction of CD47 and SIRPa stimulate phagocytosis of cancer cells in vitro and

antl-tumor immune responses iz Vivo.

[00290] The second moiety can comprise a CD47 binding domain or a
SIRPa binding domain. In certain embodiments, the immunoinhibitory receptor 1s
signal-regulatory protein alpha (SIRPa). In certain embodiments, the second moiety
blocks interaction between CD47 and SIRPo. In certain embodiments, the second
moiety comprises a CD47 binding domain or a SIRPa binding domain. In certain
embodiments, the CD47 binding domain comprises a soluble SIRPo or a CD47
binding fragment thereof, or an ant1-CD47 antibody or an antigen-binding fragment

thereof.

[00291] In certain embodiments, the soluble SIRPa comprises an extracellular
domain (ECD) of the SIRPa, or a CD47-binding fragment or a variant thereof. In
certain embodiments, the soluble SIRP comprises an amino acid sequence of
SEQ ID NO: 84 or an amino acid sequence having at least 80% (e.g. at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%)
sequence i1dentity thereof yet retaining binding specificity to CD47. Optionally, the
soluble SIRP 1s an engineered high-affinity SIRP  variant, which potently
antagonized CD47 on cancer cells but does not induce macrophage phagocytosis on
1ts own. In certain embodiments, the SIRP  variant comprises one or more mutations
selected from the group consisting of: L4V, L41, V61, V6L, A21V, V271, V27L, I31T,
I31S, I31F, E47V, E47L, K53R, E54Q, H56P, H56R, V631, S66T, S66G, K68R,
VO2I, F94L, F94V and F103V, relative to SEQ ID NO: 98. In certain embodiments,
the SIRPou variant comprises a combination of mutations selected from the group
consisting of: 1) V271, K53R, S66T, K68R, F103V; 2) L4V, V27L, E47V, K53R,
E54Q, S66G, K68R, VI2I; 3) L4V, VoI, A21V, V271, I31T, E47L, K53R, H56P,
S66T, K68R, FO4L; 4) VoI, V271, 131S, E47V, K53R, E54Q, H56P, S66G, VO2I,
FO4L; 5) L4, A21V, V271 I31F, E47V, K53R, E54Q, H56R, S66G, FO4V, F103V; 6)
L4V, Vol V271, I31F, E47V, K53R, H56R, S66G, K68R, VO2I, FO94L; 7) L4V, V6L,
I31F, E47V, K53R, H56P, S66G, V921, F103V; 8) V6l, V271, I31F, E47L, K53R,
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E54Q, H56P, S66T; 9) L4V, VoI, V271, I31F, E47V, K53R, E54Q, H56P, V63, S66T,
K68R, VO2I; 10) VoI, V271, I31T, E47V, K53R, E54Q, H56P, S66G, K68R, VO2I,
F103V; and 11) V6I, V271, I31F, E47V, K53R, E54Q, H56P, S66T,V92l. See, e.g.,
Kipp Weiskopt et al. Science 341, 83 (2013), which 1s herein incorporated by

reference.

[00292] In certain embodiments, the SIRPo binding domain comprises a
soluble CD47 or a SIRPa. binding fragment thereof, or an anti-SIRPat antibody or an
antigen-binding fragment thereof. In certain embodiments, the soluble CD47
comprises an extracellular domain (ECD) of the CD47 or a SIRPa binding fragment

thereof, an ant1-SIRPa. antibody or an antigen-binding fragment thereof.

[00293] In certain embodiments, the CD47-binding domain comprises an
ant1-CD47 antibody and an antigen-binding fragment thereof. Exemplary anti-CD47
antibodies include, without limitation, humanized 5F9 antibody, B6H12 antibody and
ZF1 antibody. See, Lu et al., OncoTargets and Therapy, Volume 13, DOI

hitps://dot,org/10 2147/0TT 5249822, which 1s herein incorporated by reference.. In

certain embodiments, the SIRPo binding domain comprises an anti-SIRPo antibody

or an antigen-binding fragment thereof. Exemplary anti-SIRPo. antibodies include,

without limitation, BI765064 and ALOO8. See, e.g, WO2019073080Al,
WO0O2019175218A1 and WO2018107058A1, which are herein 1ncorporated by

reference.

[00294] In certain embodiments, the CD47-binding domain comprises a

combination of one or more ECDs of one or more SIRPa, SIRP[3 or SIRPv, and/or

one or more ant1-CD47 antibodies or antigen-binding fragments thereof.

[00295] The one or more ECDs may be the same or different. For example,
the CD47-binding domain may comprise 1dentical repeats of an ECD of a SIRPaq,
SIRP[3 or SIRPy, or alternatively may comprise a combination of different ECD

sequences of the same SIRPo, SIRP[3 or SIRPy, or alternatively may comprise a
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combination of different ECDs from different SIRPo, SIRP3 or SIRPy. Similarly,

the one or more ant1-CD47 antibodies may be the same of different.

[00296] In certain embodiments, the CD47-binding domain comprises a
combination (or fusion) of ECDs selected from the group consisting of: ECD of

SIRPo., ECD of SIRP[3, ECD of SIRPYy, or any combination thereof.

[00297] In certain embodiments, the CD47-binding domain comprises a
combination (or fusion) of one or more anti-CD47 antibodies or antigen-binding

fragments thereof.

[00298] In certain embodiments, the CD47-binding domain comprises a
combination (or fusion) of ECDs selected from the group consisting of: ECD of

SIRPa, ECD of SIRPP, ECD of SIRPy, one or more anti-CD47 antibodies or

antigen-binding fragments thereof, or any combination thereof.

V. PD-L.1-Binding Moiety

[00299] In certain embodiments, the bi-functional molecule provided herein

comprises a first moiety which 1s a PD-L1-binding moiety.

[00300] In certain embodiments, the PD-LI-binding moiety of the present
disclosure binds to PD-L1 (e.g. human PD-LI1, or cynomolgus PD-L1). In certain
embodiments, the PD-L1-binding moiety of the present disclosure binds to human
PD-L1. In certain embodiments, the PD-L1-binding moiety of the present disclosure

binds to cynomolgus PD-L1.

[00301] In certain embodiments, the PD-LI-binding moiety of the present
disclosure comprises an anti-PD-L1 antibody moiety. In certain embodiments,
exemplary ant1-PD-L1 antibodies are disclosed 1in Section Anti-PD-L1 Antibodies and

Section Illustrative Anti-PD-L1 Antibodies of the present disclosure.

[00302] In certain embodiments, the anti-PD-L1 antibody moiety comprises one

or more CDRs. In certain embodiments, the anti-PD-L1 antibody moiety comprises
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one or more CDRs described 1n Section Illustrative Anti-PD-L1 Antibodies of the
present disclosure. In certain embodiments, the anti-PD-L1 antibody moiety
comprises a heavy chain variable region (VH) and a light chain variable region (VL).
In certain embodiments, the anti-PD-L1 antibody moiety comprises a VH and a VL of
an ant1-PD-L1 antibody as disclosed in Section Illustrative Ant1-PD-L1 Antibodies of

the present disclosure.

[00303] In certain embodiments, the anti-PD-L1 antibody moiety further
comprises a heavy chain constant domain appended to a carboxyl terminus of the
heavy chain variable region. In certain embodiments, the heavy chain constant
region 1S derived from the group consisting of IgA, IgG, and IgM. In certain
embodiments, the heavy chain constant region 1s derived from human IgGl, IgG2,
IgG3, IgG4, IgAl, IgA2 or IgM. In certain embodiments, the anti-PD-L1 antibody
moiety further comprises a light chain constant domain appended to a carboxyl
terminus of the light chain variable region. In certain embodiments, the light chain
constant region 1s derived from Kappa light chain or Lamda light chain. In certain
embodiments, the heavy chain constant region comprises an amino acid sequence of
SEQ ID NO: 80 or 81. In certain embodiments, the light chain constant region

comprises an amino acid sequence of SEQ ID NO: 82.

V. Linkage Between the First moiety and the Second Moiety

[00304] In the present disclosure, the second moiety can be linked to any
portton of the first moiety. For example, the second moiety such as the
TGEFB-binding moiety or the IL-1 -binding moiety can be linked to any suitable
portion of the first moiety such as the PD-L1-binding moiety (e.g. the anti-PD-L1

antibody moiety).

[00305] In certain embodiments, the PD-L1-binding moiety comprises one or

more polypeptide chains, such as antibody heavy chain and light chain.

[00306] In certain embodiments, the bi-functional molecule comprises one or

more of the second moieties. In certain embodiments, at least one of the second
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moieties 1s linked to an amino terminus (N terminus) or a carboxyl (C terminus) of a
polypeptide chain of the first moiety. In certain embodiments, the at least one of the
second moieties 1s linked to an N terminus or a C terminus of a heavy chain of the
first moiety, or linked to an N terminus or a C terminus of a light chain of the first

moiety.

[00307] In certain embodiments, the at least one of the second moieties 1s linked
to a C terminus of a heavy chain constant region of the first moiety. In certain
embodiments, each of the second moieties 1s linked respectively to the C terminus of

each heavy chain constant region of the first moiety.

[00308] In certain embodiments, the bi-functional molecule comprises at least
two of the second moieties, each of which 1s linked respectively to the C terminus of
each heavy chain of the first moiety, or each of which 1s linked respectively to the C
terminus of each light chain of the first moiety. In certain embodiments, the
bi-functional molecule comprises at least two of the second moieties, each of which 1s
linked respectively to the N terminus of each heavy chain of the first moiety, or each
of which 1s linked respectively to the N terminus of each light chain of the first

moiety.

[00309] In certain embodiments, the bi-functional molecule comprises more
than one of the second moieties that are linked respectively to: an N terminus of a
heavy chain of the first moiety, a C terminus of a heavy chain of the first moiety, an N
terminus of a light chain of the first moiety, a C terminus of a light chain of the first
moiety, or any combination thereof. For example, the bi-functional molecule can
comprise at least two of the second moieties, one of which 1s linked to C terminus of a
heavy chain of the first moiety and the other 1s linked to C terminus of a light chain of
the first moiety. For example, the bi-functional molecule can comprise at least two
of the second moieties, one of which 1s linked to N terminus of a heavy chain of the

first moiety and the other 1s linked to N terminus of a light chain of the first moiety.
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[00310] In certain embodiments, the one or more TGFB-binding moiety, the one
or more IL-1 -binding moiety, the one or more immunostimulatory polypeptide (e.g.,
soluble LAG3 or soluble CD4) or the one or more CD47-binding moiety 1s linked to
the anti1-PD-L1 antibody moiety at one or more positions selected from the group
consisting of: 1) N terminus of the heavy chain variable region, 2) N terminus of the
light chain variable region, 3) C terminus of the heavy chain variable region; 4) C
terminus of the light chain vanable region; 5) C terminus of the heavy chain constant
region; 6) C terminus of the light chain constant region, and 7) any combination

thereof, of the ant1-PD-L1 antibody moiety.

[00311] In certain embodiments, the bi-functional molecule comprises
homodimeric heavy chains. In certain embodiments, the bi-functional molecule
comprises heterodimeric heavy chains. The heavy chains are heterodimeric with
respect to presence or position of the second moiety. In certain embodiments, the
heterodimeric heavy chains comprise one heavy chain having the second moiety but

the other heavy chain having not.

VIL. Linker

[00312] The second moiety can be linked to the first moiety directly or via a

linker. The direct linkage can be a chemical linkage (such as a covalent bond).

[00313] In certain embodiments, the bi-functional molecule further comprises a
linker connecting the first moiety and the second moiety. The term “linker” as used
herein can be any suitable bifunctional moiety capable of reacting with at least two
entities to be linked, thereby bonding the entities to form one molecule or maintaining
association of the entities in sufficiently close proximity. The linker can be
integrated in the resulting linked molecule or structure, with or without 1ts reacted

functional groups.

[00314] In certain embodiments, the linker 1s selected from the group consisting
of a cleavable linker, a non-cleavable linker, a peptide linker, a flexible linker, a ngid

linker, a helical linker, and a non-helical linker.
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[00315] In certain embodiments, the linker comprises a peptide linker. The
peptide linker can be made up of amino acid residues linked together by peptide
bonds. In certain embodiments, the peptide linker can further comprise one or more
non-natural amino acids. In certain embodiments, the peptide linker comprises an
amino acid sequence having at least 1, 2, 3, 4, 5, 8, 10, 15, 20, 30, 50 or more amino
actd residues, joined by peptide bonds and capable of linking two or more

polypeptides. A peptide linker may or may not have a secondary structure.

[00316] Any suitable peptide linkers can be used. Many peptide linker
sequences are known 1n the art, see, for example, Holliger ef al., Proc. Natl. Acad. Sci.
USA 90:6444-6448 (1993); Poljak et al., Structure 2:1121-1123 (1994). In certain
embodiments, the peptide linker may comprise or consist of amino acid residues
selected from the amino acids glycine, serine, alanine, methionine, asparagine, and
glutamine. In some embodiments, the peptide linker can be made up of a majority of
amino acids that are sterically unhindered, such as glycine and alanine. In some
embodiments, linkers are polyglycines, polyalanines, combinations of glycine and

alanine (such as poly(Gly-Ala)), or combinations of glycine and serine (such as

poly(Gly-Ser)).

[00317] In certain embodiments, the linker comprises an amino acid sequence of
((G)nS)m, wherein m and n are independently an integer selected from O to 30, 1 to
29 2t0 28, 3t027,41t0206, 51025 6to 24,7 to23,8to22,9to2l, 10to 20, 11 to

19, 12t0 18, 13to 17, 14 to 16 or 5. In certain embodiments, m 1s 4 and n 1s 4.

[00318] In certain embodiments, the linker comprises an amino acid sequence of
SEQ ID NO: 68. In certain embodiments, the linker comprises an amino acid
sequence having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least

99% sequence 1dentity to SEQ ID NO: 68.

viii. Anti-PD-L1 Antibodies and Antigen-Binding Fragments Thereof
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[00319] In certain embodiments, the PD-L1-binding moiety of the bi-functional
molecules provided herein comprises a moiety comprising an anti-PD-L1 antibody or
antigen-binding fragments thereof. In certain embodiments, the anti-PD-L1

antibody and antigen-binding fragments thereof are capable of specifically binding to

PD-LI1.

[00320] In certain embodiments, the anti-PD-L1 antibodies and the
antigen-binding fragments thereof provided herein specifically bind to human PD-L]1
at an Kp value of no more than 0.8 nM, no more than 0.7 nM, no more than 0.6 nM,
no more than 0.5 nM, or no more than 0.4 nM as measured by Biacore assay.
Biacore assay 1s based on surface plasmon resonance technology, see, for example,
Murphy, M. et al., Current protocols in protein science, Chapter 19, unit 19.14, 2006.
In certain embodiments, the Kp value 1s measured by the methods as described in

Example 6 of the present disclosure.

[00321] Binding of the antibodies or the antigen-binding fragments thereof
provided herein to human PD-L1 can also be represented by “halt maximal effective
concentration” (ECsy) value, which refers to the concentration of an antibody where
50% of 1ts maximal binding 1s observed. The ECsy value can be measured by
binding assays known in the art, for example, direct or indirect binding assay such as
enzyme-linked immunosorbent assay (ELISA), Fluorescence Activated Cell Sorting
(FACS) assay, and other binding assay. In certain embodiments, the antibodies and
antigen-binding fragments thereof provided herein specifically bind to PD-L1 at an
ECso (1.e. 50% binding concentration) of no more than 0.3 nM, no more than 0.2 nM,
no more than 0.1 nM, or no more than 0.09 nM as measured by ELISA. In certain
embodiments, the antibodies and antigen-binding fragments thereof provided herein
specifically bind to PD-L1 at an ECsy (1.e. 50% binding concentration) of no more
than 1.4 nM, no more than 1.3 nM, no more than 1.2 nM, no more than 1.1 nM, no
more than 1.0 nM, no more than 0.3 nM, no more than 0.25 nM, or no more than 0.21

nM as measured by FACS assay.
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[00322] In some embodiments, the anti-PD-L1 antibody or an antigen-binding
fragment thereof provided herein specifically binds to PD-L1. In some embodiments,
the anti-PD-L1 antibody or an antigen-binding fragment thereof provided herein does

not bind to other members of B7 family.

[00323] In certain embodiments, the ant1-PD-L1 antibodies and antigen-binding
fragments thereof provided herein are capable of blocking the interaction between the
PD-L1 with its binding partner (e.g., PD-1 and B7-1) having an IC50 of no more than
22,2.1,20,19, 1.8 or 1.2 ug/ml as measured by ELISA.

[00324] In certain embodiments, the anti-PD-L1 antibodies and antigen-binding
fragments thereof provided herein are capable of blocking the interaction between the
PD-L1 with 1ts binding partner (e.g., PD-1, ) having an EC50 of no more than 1.3, 1.2,
1.1, 1.0, 0.9, or 0.8 nM as measured by cell-based assay.

IX. Hlustrative Anti-PD-L1 Antibodies and Antigen-Binding
Fragments Thereof

[00325] In certain embodiments, the anti-PD-L1 antibodies (1.e., an antibody
against PD-L1) and antigen-binding fragments thereof of the present disclosure
comprise one or more (e.g. 1, 2, 3, 4, 5, or 6) CDRs comprising the sequences
selected from the group consisting of DYYMN (SEQ ID NO: 1),
DINPNNX X, TX;YNHKFKG (SEQ ID NO: 19), WGDGPFAY (SEQ ID NO: 3),
KASQNVX X5XsVA (SEQ ID NO: 20), SX;SXgRYT (SEQ ID NO: 21),
QQYSNYPT (SEQ ID NO: 6), wherein X;1s Gor A, X;1s Gor D or Q or E or L, X5
IsSorMorQorLorV, X,1sGorPorK, XsisAorG, Xgis Aorl, X515 Aor N or

RorV, XgisNorHorV orD.

[00326] In certain embodiments, the heavy chain variable region comprises:
a) a HCDR1 comprises a sequence of SEQ ID NO: 1,
b) a HCDR2 comprises a sequence selected from group consisting of SEQ ID

NO: 2, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ
ID NO: 18 and
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C) a HCDR3 comprises a sequence of SEQ ID NO: 3,

and/or

a light chain variable region comprising:

d) a LCDR1 comprises a sequence selected from the group consisting of SEQ
ID NO: 4, SEQ ID NO: 7, SEQ ID NO: 8 and SEQ ID NO: 9.

c) a LCDR2 comprises a sequence selected from the group consisting of SEQ
ID NO: 5, SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12, and

i) a LCDR3 comprises a sequence of SEQ ID NO: 6.

[00327] In certain embodiments, the heavy chain variable region 1s selected

from the group consisting of:

o) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 2, and
a HCDR3 comprising the sequence of SEQ ID NO: 3;

h) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 13,
and a HCDR3 comprising the sequence of SEQ ID NO: 3;

1) a heavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 14,
and a HCDR3 comprising the sequence of SEQ ID NO: 3;

1) aheavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 15,
and a HCDR3 comprising the sequence of SEQ ID NO: 3; and

k) aheavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 17,
and a HCDR3 comprising the sequence of SEQ ID NO: 3; and

) aheavy chain variable region comprising a HCDR1 comprising the sequence
of SEQ ID NO: 1, a HCDR2 comprising the sequence of SEQ ID NO: 18 and
a HCDR3 comprising the sequence of SEQ ID NO: 3.
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[00328] In certain embodiments, the light chain variable region 1s selected from

the group consisting of:

a) a light chain vanable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 4, a LCDR2 comprising the sequence of SEQ ID NO: 5, and
a LCDR3 comprising the sequence of SEQ ID NO: 6;
b) a light chain vanable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 9, a LCDR2 comprising the sequence of SEQ ID NO: 5, and
a LCDR3 comprising the sequence of SEQ ID NO: 6;
c) a light chain variable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 8, a LCDR2 comprising the sequence of SEQ ID NO: 5, and
a LCDR3 comprising the sequence of SEQ ID NO: 6;
d) a light chain variable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 4, a LCDR2 comprising the sequence of SEQ ID NO: 12,
and a LCDR3 comprising the sequence of SEQ ID NO: 6; and
e) a light chain vanable region comprising a LCDR1 comprising the sequence
of SEQ ID NO: 4, a LCDR2 comprising the sequence of SEQ ID NO: 11,
and a LCDR3 comprising the sequence of SEQ ID NO: 6.
[00329] Antibody “4B6” as used herein refers to a monoclonal antibody
comprising a heavy chain variable region having the sequence of SEQ ID NO: 46, and

a light chain variable region having the sequence of SEQ ID NO: 47.

[00330] In certain embodiments, the present disclosure provides anti-PD-L1
antibodies and antigen-binding fragments thereof comprising one or more (e.g. 1, 2, 3,

4.5, or 6) CDR sequences of Antibody 4B6, or variants of Antibody 4B6. The CDR

boundaries were defined or 1identified by the convention of Kabat.

[00331] In certain embodiments, the present disclosure provides anti-PD-L1
antibodies and antigen-binding fragments thereof comprising HCDR1 comprising an

amino acid sequence of SEQ ID NO: 1, HCDR2 comprising an amino acid sequence

selected from the group consisting of SEQ ID NOs: 2, 13, 14, 15, 17, and 18, and
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HCDR3 comprising an amino acid sequence of SEQ ID NO: 3, and/or LCDRI
comprising an amino acid sequence selected from the group consisting of SEQ ID

NOs: 4, 7, 8-9, LCDR2 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 5, 10, 11-12, and LCDR3 comprising an amino acid
sequence of SEQ ID NO: 6.

[00332] Table 1. CDR amino acid sequences of the antibody 4B6.
Antibod _
[

SEQ ID NO: 1 SEQ ID NO: 2 SEQ ID NO: 3
HCDR Y NHK
¢ DYYMN E?PNNGGTS : WGDGPFAY
4B6

SEQ ID NO: S SEQ ID NO: 6
LCDR
KASQNVGAAVA SASNRY'T
[00333] Table 2. Variable region amino acid sequences of the antibody
4B6.
Antibody | VH VL
SEQ ID NO: 46 SEQ ID NO: 47

EVQLQQSGPELVKPGASVKISC | DIVMTQSQKFMSTSVGDRVS
KASGYVFTDYYMNWVKQSHG | ITCKASQNVGAAVAW YQQK
4B6 KSLEWIGDINPNNGGTSYNHKF | PGQSPKLLIYSASNRYTGVP

KGKATVTVDKSSRTAYMELLSL | DRFTGSGSGTDFTLTISNMQS
TSEDSAVYYCVKWGDGPFAYW | EDLADYFCQQYSNYPTFGSG
GQGTLVTVSA TKLGIK

[00334] CDRs are known to be responsible for antigen binding. However, 1t
has been found that not all of the 6 CDRs are indispensable or unchangeable. In
other words, 1t 1s possible to replace or change or modify one or more CDRs in
ant1-PD-L1 antibody 4B6, yet substantially retain the specific binding affinity to
PD-L1.

[00335] In certain embodiments, the antibodies and antigen-binding fragments
thereof provided herein comprise suitable framework region (FR) sequences, as long

as the antibodies and antigen-binding fragments thereof can specifically bind to
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PD-L1. The CDR sequences provided in Table 1 above are obtained from mouse
antibodies, but they can be grafted to any suitable FR sequences of any suitable
species such as mouse, human, rat, rabbit, among others, using suitable methods

known 1n the art such as recombinant techniques.

[00336] In certain embodiments, the antibodies and antigen-binding fragments
thereof provided herein are humanized. A humanized antibody or antigen-binding
fragment thereof 1s desirable in its reduced immunogenicity in human. A humanized
antibody 1s chimeric 1n 1ts variable regions, as non-human CDR sequences are grafted
to human or substantially human FR sequences. Humanization of an antibody or
antigen-binding fragment can be essentially performed by substituting the non-human
(such as murine) CDR genes for the corresponding human CDR genes in a human
immunoglobulin gene (see, for example, Jones ef al. (1986) Nature 321:522-525;
Riechmann et al. (1988) Nature 332:323-327; Verhoeyen ef al. (1988) Science
239:1534-1536).

[00337] Suitable human heavy chain and light chain variable domains can be
selected to achieve this purpose using methods known 1n the art. In an illustrative
example, “best-fit” approach can be used, where a non-human (e.g. rodent) antibody
variable domain sequence 1s screened or BLASTed against a database of known
human variable domain sequences, and the human sequence closest to the non-human
query sequence 1S 1dentified and used as the human scaffold for grafting the
non-human CDR sequences (see, for example, Sims et al, (1993) J Immunol.
151:2296; Chothia et al. (1987) J. Mot. Biol. 196:901). Alternatively, a framework
derived from the consensus sequence of all human antibodies may be used for the
grafting of the non-human CDRs (see, for example, Carter ef al. (1992) Proc. Natl.

Acad. Sci. USA, 89:4285; Presta et al. (1993) J. Immun<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>