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PROTEINS THAT BIND CD88 AND/OR CD8s, AND (JX40L
CROSS-REFERENCE TO RELATED APPLICATIONS

{8061] Thus application claims the benefit of and prionity to U.S. Provisional Patent
Application No. 63/208,478, filed June 8, 2021; and to U.S. Provisional Patent Application No.
63/343,268, filed May 18, 2022, the entire disclosure of cach of which are mcorporated by

reterence bherein for all purposes.
SEQUENCE LISTING

{0062]  The instant application contains a Sequence Listing which has been submitted
clectronically in ASCH format and is hereby mmcorporated by reference in its entirety. Said
ASCH copy, created on May 25, 2022, is named EMD-O13WO SL txt and 15 872,058 bytes in

size.
FIELD OF THE DISCLOSURE

{0803]  The present disclosure relates generally to proteins capable of modulating T cell

costimulatory signaling, and ases of the same in the treatment of avtoiumune diseases/disorders.
BACKGROUND

{0804] A major therapeutic goal for the treatment of autoimmune diseases is to modulate T
cell stimulation by specifically targeting costimudatory pathways. T cells become folly activated
when they receive two signals from: 13} T-cell receptor (TCR} activation due to interaction with a
peptide/MHC complex on the surface of an antigen presenting cell (APC); and 2) T cell
costimulatory receptor activation due to interaction with their cognate ligands. T cell stumulation
in the absence of the second costimulatory signal results in the development of anergic or

tolerogenic T cell responses.

{00065]  There are two major groups of costimulatory molecules: 1) the B7-CD28 superfamily,
and 2) the tumor necrosis factor receptor (INFR) superfamily. Costimulatory molecules o the
B7-CD238 superfamily include CD28 and ICOS on T cells and their cognate higands CD80/CD86
{also known as B7.1/B7 2} and HCOS-L, respectively, on the surface of APCs. Costimulatory
molecules in the TNFR superfamily include 4-18BB, CD40L, 0X40, CD27, GITR, and CD30 on
T cells and their cognate igands 4-1BBL, CD40, OX40L, CD70, GITRL, and CD30L,

respectively.
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{8086]  APCs such as B cells, monocytes, macrophages and dendritic cells ap-regalate the
expression of CDE0 and CDI86 upon activation by antigenic, inflamamatory, or pathogen-
assoctated molecular pattern receptors. These ligands engage CD28 on T cells and provide the

necessary second costimulatory signal to activate naive T cells and promote T coll proliferation.

{0067]  Since CDBO and CD86 have a higher affinity to CTLA4 than CD28, CTLA4
expression on T cells inhibits CD8O/CDR6 binding to CD28 by sequestering the costimulatory
ligands and attenuating T cell activation. Abatacept is a soluble recombinant CTLA4-lg fusion
protein comprising of the extracellular domain of human CTLA4 and a modified human
mmunoglobulin 1 (IgG1) Fe domain. Abatacept selectively binds CD80O/CDES on AP(s and
prevent costinmdatory activation of CD28 on T cells, resulting in decreased T cell activation,
signaling and proliferation. Abatacept has demounstrated clinical efficacy in treating a number of
autoimmune discases includimg adult theumatoid artheitis, psoriatic arthritis, and juvenile
idiopathic arthritis. However, in clinical trials for systemic tupus erythematosuas (SLE}, lupus
nephritis (LN}, and primary Sjogren’s Syndrome {p58), Abatacept has missed its clinical

endpoints.

{0008]  OX40 ligand (OX40L, also known as CD252, ep34. and TNFSF4) 1s a 34kDa type H
transmembrane protein of the TNF superfanuly. OX40L expression is induced upon activation
of APCs and chronically activated T cells. OX40L is also upregulated n non-lvmphoid cells bike
human tonsillar mast cells, bronchial smooth muscle cells, and vascular endothelial cells of
milamed or discased tissucs. OX40L exists i a soluble form due to cleavage by proteolvtic
enzymes as is typical of most TNF farnily ligands. Soluble OX40L serum levels have been

reported o be clevated in avtoimnune discase patients as compared to healthy subjects.

{8069]  OX40L on APCs binds to OX40 (CD134, TNFRSF4) expressed on activated CDM and
CDR T ecells. OX40 15 not expressed on resting naive or resting memory T cells. OX40L binds
as a homotrimeric complex to three 0X40 monomers on T cells. Binding of OX40L to 0X40
stimulates T cell expansion, differentiation, and survival of T effoctor subscts including T helper
1 {Thl}, T helper 2 (Th2y, T follicidar helper (Tth), and T helper 17 {Th17) cells. 8X40
signaling is also critical for the generation, maintenance, and optimal re-activation of memory

CD4+ T cells.

{0010}  Dysregulation of the OX40L-0X40 pathway had been implicated in a wide variety of
mflammatory discases such as multiple sclerosis, arthritis, graft versus host disease (GVHD),

fupus nephritis and rheumatoid arthritis. TNESF4, the gene encoding OX40L, 15 a susceptibility
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iocas for systemic hupus ervthematosus (SLE} and systemic sclerosis {(SSc). Myeloid cells and B
cells expressing OX40L have been demonstrated to support Tth cell development, contributing
to SLE discase pathogenesis. OX40L-0X40 signaling also contributes to the pathogenesis of
autormmune disease by dysregulating T regulatory cells (Tregs or Tres). Foxp3+ Tregs play an
important role 1n establishing immunological tolerance by suppressing over-activated T effector
{Teft, Terr, or Teftector) cells. In human SLE, OX40L-0X40 signaling inhibits Foxp3 expression in

Trogs and negatively tmpacts their suppressive function,
SUMMARY OF THE DISCLOSURE

{0011]  The mmvention generally relates to proteins capable of modulating T cell costimulatory

signaling, and uses of the same i the treatment of autoimmune diseases/disorders.

{0012] 1o one aspect the present disclosure provides a protein comprising a polyvpeptide or
complex of two or more polypeptides that specifically binds CDB0 and/or CD86, and a
polypeptide or complex of two or more polypeptides that specifically binds OX40L. In some
embodiments, the polypeptide or complex of two or more polypeptides that specifically binds
CDRO and/or CD86 is a polvpeptide comprising a CTLA4 extracellular domain or functional
fragment thereof, a polypeptide comprising a CD28 extracellular domain or functional fragment
thereof, an antibody; a Fab; a Faby’, a F{ab ), a single-chain variable fragment (scFv); a
minibody; or a nanobody (VHH). In some embodiments the polypeptide or complex of two or
more polypeptides that specifically binds CD80 and/or CD86 comprises an extracellular domain
of CTLA4 or functional fragment thercof consisting of or comprising a sequence having at least
90% sequence tdentity to SEQ ID NO: 29, SEQ 1D NO: 173, or SEQ ID NO: 174, In some
embodiments, the polypeptide or complex of two or more polypeptides that specifically binds

CDRO and/or CD86 inlubits CD28 costimulatory signaling in T cells.

{0813]  Io another aspect of the present disclosure, the polvpeptide or complex of two or more
polypeptides that specifically binds OX40L inhibits binding of endogenous OX40L to
endogenous OX40. In some embodiments, the polypeptide or complex of two or more
polypeptides that specifically binds OX40L comprises an antigen-bindmg site. o some
embodiments, the antigen binding site 1s an antibody, a Fab, a Fab’, a F{ab™}, a single-chain
variable fragment {scFv}, a minibody, or a nanobody (VHH). In some embodiments, the
antigen-binding site is a Fab comprising a polypeptide comprising the sequence of SEQ 1D NO:

336 connected to the C-ternunus of the Fab heavy chain CHI domain. In other embodiments,
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the polypeptide or complex of two or more polypeptides that specifically binds OX40L s an

extracellular domain of OX40 or functional fragment thercof.

{0014]  In some embodiments, proteins of the present disclosure further comprise a bridging
moiety. In some embodiments, the bridging moiety is functional or non-functional. In some
embodiments, the bridging motety comprises polypeptide of an tmmunoglobulin Fe domain or
functionpal fragment thereof, a human serum albumin (HSA) polvpeptide or functional fragment
thereof, a polypeptide linker, or a polypeptide hinge. In some embodiments, the bridging moicty
comprises a polypeptide of a human IgGl, 1gG2, 1eG3, or g4 Fe domain. 1o some
embodiments, the polyvpeptide of a buman IgG1 Fo domain comprises a sequence having at least
90% or 100% sequence identity to an amino acid sequence selected from a group consisting of
SEQ ID NG: 178, SEQ 1D NO: 237, SEQ ID NO: 238, SEQ ID NO: 214, SEQ ID NO: 216,
SEQ D NO: 179, SEQ D NG: 180, SEQ ID NO: 239, and SEQ 1D NO: 240. In some
embodiments, the polypeptide of a human IgG1 Fe domain comprises one or more than one
cffector function silencing mutation. In certain embodiments, the hinge polypeptide comprises

mutations at positions 234 and 235 from leucine to alanine.

{0015]  In some embodiments, the bridging moicty further comprises a hinge polypeptide
comprismg an amino acid sequence having at feast 90% sequence identity to an amino acid
sequence selected from a group consisting of SEQ 1D NO: 175, SEQ ID NG: 242, SEQ ID NO:
176, SEQ 1D NO: 249, SEQ 1D NQO: 177, SEQ 1D NO: 243, SEQ ID NO: 212, SEQ 1D NO: 244,
SEQID NO: 213, SEQ ID NO: 245, SEQ ID NO: 247, and SEQ 13 NO: 248

{0016]  In some embodiments of proteins of the present invention, the bridging moiety is
connected o the N-terminus or the C-terminus of the polypeptide or complex of two or more
polvpeptides that specifically binds CD80 and/or CDE6. In some embodiments, the polvpeptide
or complex of two or more polypeptides that specifically binds CD80 and/or CD&6 is connected
to the N-terminus of the bridging moiety. In some embodiments, the bridging moiety is
connected to the N-terminus o1 the C-terounus of the polypeptide or complex of two or more
polypeptides that specifically binds OX40L. In some embodiments, the polypeptide or complex
of two or mare polypeptides that specitically binds OX40L is connected to the C-terminus of the
bridging moiety. In some embodiments, a inker polypeptide comprising a (GGGGS): (SEQ 1D
N 181} sequence, wherein n is 1 o 12, connects the polypeptide or complex of two or more

polypeptides that spocifically binds (OX40L to the bridging moiety.
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{8017]  In some embodiments, proteins of the present disclosure comprise a second
polypeptide or complex of two or more polypeptides that specifically binds OX40L. In some
cmbodiments, the bridging moiety is a polypeptide of a human IgG 1 Fe domain and the
polypeptide or complex of two or more polvpeptides that specifically binds OX40L i connected
to the C-terminus of the polypeptide of the uman IgG1 Fe domain and the second polvpeptide
or complex of two or more polypeptides that specifically binds OX40L s connected to the C-
terminus of a second polypeptide of a human IgGl Fo domain. To some embodiments, the first
and/or the second polypeptide or complex of two or more polypeptides that specifically binds
3X40L comprises an antigen-binding site, for example a Fab, or an extraceHular domain of
OX490 or functional fragment thereof. In some embodiments, the second polypeptide or complex
of two or more polvpeptides that specificallv binds OX40L, is connected to the bridging moiety
by a linker polypeptide compnising a {GGGGS (SEQ ID NG: 181) sequence, wheremn nis 1 io
12.

{0018]  In some embodiments, proteins of the present disclostre comprise antigen-binding
sites comprising an amino acid sequence of (a) ARHRGXIYXRFDX; (SEQ ID NO: 2203,
wherein X1is Sorl, Xois For H, and Xsisfor Y; or (b) ARERSX 2OWYPXGDY (SEQ 1D NO:
22 wherein X1 is Nor 8§, X218 N, I Gor 8, and Xsisfor F.

{0619]  In some emboduments, proteins of the present disclosure comprise antigen-binding
sites comprising {a} a heavy chain variable complementarity-determining region 1 (VHCDR1)
comprising an aming acid sequence GXG8XXGXESXsYY (SEQ 1D NG: 222), wheretn Xiis A,
GoorV, XoisV,or L XsisSorR, Xais 8, or T, and X515 S, or G (b) a heavy chain variable
complementarity-determining region 2 (VHCDRZ} comprising an amino acid seqaence of. (1)
IXGYXRGST (SEQ ID NG 223) wherein Xa s Y, or N and X218 §, or G, {2} XuDYSGT (SEQ
D NG 224) wherein Xo is Tor M, or (3) IGSVDYSGX T (SEQ ID NG: 225), wherein Xiis N,
A, or S; and (¢} a heavy chain variable complementarity-determining region 3 (VHCDR3)
comprising an amino acid sequence of: (1) ARHRGX Y XOFDXs (SEQ ID NO: 220), wherein X1
isSorf, XoisForH and XsisTor Y or (2) ARERSX JOWYPXDY (SEQ ID NO: 221),
wherem X1isNor S, Xois N, 3, Gor S, and Xsislor F

{00201  In some emboduncnts, proteins of the present disclosure corprise antigen-binding
sttes comprising {a) a light chamn vanable complementarity-determining region 1 (VLCDRYD)
comprising an aming acid sequence oft (13} XUIENKN (SEQ 1D NG: 226), wherein X1is N or D,
or {2) SXGRXGXGX(SEGQ IDNG: 227), wherein Xois Vor L, Xois Ror N, Xsis For Y, and X4

is F or Y, (b) a light chain varable complementanty-deternining region 2 (VLCDR2)

3
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comprising an aming actd sequence of RDN (SEG 1D NG: €2), GKD (SEGQ 1D NO: 228), or
RS (SEQ ID NO: 90); and (¢} a light chain vaable complementarity-determining region 3
{VLCDR3) comprising an amino acid sequence of: (1) QVXGDSXoX5VV (SEQ 1D NO: 231),
wherein X1 s Ror W, Xo s N, T, or A, and Xa s LT, or A, or (2) NSRDSSGY X VX0 (SEQ 1D
NQO: 232), wherein XiisLorH and XoisLor V.

{0821]  In some cmbodiments, proteins of the present disclosure comprise antigen-binding
sites comprising {1} (a) a heavy chain variable complementarity-determining region 1
{(VHCDR) comprising an anmino acid sequence GXOSX¥GXSXYY (SEQ D NO: 222,
wherein X118 A, G, or V. Xo sV, or EXG s Sor R Xes S, or T and Xsis S, or Grand (b a
heavy chain variable complementarity-determining region 2 (VHCDRZ) comprising an amino
acid sequence XA YXRGET (SEQ ID NG: 223}, wherein Xi s Y, of N, and X218 8§, or G; and (¢)
a heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence ARHRGXIYXGFDX; (SEQ 1D NG: 220}, wherein Xo s Sor, Xois For H, and
XsisTorY; and (i1} (a) a light chain variable complementarity-determining region | {VLCDR1)
comprising an amino acid sequence XoIENKN(SEQ 1D NO: 226), wherein Xiis Nor D {b) a
light chain variable complementarity-deternuning region 2 (VLCDR2) comprising an amino acid
sequence RDN (SEQ 1D NG 82); and {¢} a light chain vanable complementarity-deternyining
region 3 {VLCDR3) comprising an amino acid sequence QVXIDSXX5VV (SEQ ID NO: 231,
whercin X1isRor W, Xois N, T, or A and X3is L, T, or A.

{0022] 1o some crobodiments, proteins of the present disclosure comprise antigen-binding
sites comprising (1} (a) a heavy chain varable complementarity-determiming region 1
{(VHCDRI) comprising an amino actd sequence GX1SX0X3XaSXsYY (SEQ ID NO: 2223,
wherein Xo s A, Gor V. XoisV,orE, XsisSor R Xeis S, or T and X518 S, or Grand (b} a
heavy chain variable complementanity-determuning region 2 (VHCDRY) comprising an anuno
acid sequence XuDYSGT (SEQ ID NG 224), wherein X1 1s or M: and {¢} a heavy chain
variable complementarity-deternuning region 3 {VHCDR3} comprising an amino acid seguence
ARERSX XoWYPXSDY (SEQ 1D NO: 221), wherein XaisNor 8, Xo s N, B, Gor §, and Xz s
T or F; and (it} {a) a light chain variable complementanity-determining region | (VLCDRY)
comprising an amino acid sequence SXaR XXX (SEQ 1D NO: 2273, wherein Xiis VorL, Xz
isRorN, Xsis ForY, and Xais For Y (b} a light chain variable complementarity-determining
region 2 {(VLCDRZ) comprising an amino acid sequence GKD (SEQ 1D NO: 229} and (c}a
light chain variable complementarity-determining region 3 (VLCDR3} comprising an amino acid

sequence NSRDSSGYXOVX: (SEQ IDNG: 232y wherein Xy is L orH, and XoisLor V.

6
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{0823]  In some cmbodiments, proteins of the present disclosure comprise antigen-binding
sites comprising a heavy chain complementarity-determining region i {(VHCDRI) comprising an
amino acid scguence of GGSISTSSYY (SEQ 1D NO: 77), a heavy chain complementarity-
determning region 2 (VHCDRZ) comprising an amino acid scquence of IYYSGST (SEQ ID
NQO: 783, a heavy chain complementarity-determining region 3 (VHCDR3) comprising an aming
acid sequence of ARHRGSYFFDI (SEQ 1D NO: 79}, a light chain complementarity-determining
region | (VLCDR1) comprising an anuno acid sequence of DIENKN (SEQ 1D NO: 81), a hight
chain complementanity-determining region 2 (VLCDR2) comprising an amino acid sequence of
RDN (SEQ ID NO: 82), and a light chain complementarity-determining region 3 (VLCDR3)
comprising an amino acid sequence of QVRDSNIVV (SEQ 1D NO: 83).

{0024]  In some embodiments, proteins of the present disclosure comprise antigen-binding
sttes comprising a heavy chain complementanity-determining region 1 (VHCDRI) comprising an
amino acid sequence of GVSIRSNGYY (SEQ ID NG 93), a heavy chain complementarity-
determining region 2 (VHCDRZ) comprising an amino acid sequence of MDYSGT (SEQ 1D
NO: 94), a heavy chain complementarity-~-deternuning region 3 (VHCDR3) comprising an amino
acid sequence of ARERSNNWYPIDY (SEQ ID NO: 85), a light chain complementarnity-
determuning region | (VLCDR1I) comprising an amino acid sequence of SYRRFF (SEQ 1D NO:
97}, a light chain complementanity-determining region 2 (VLCBR2) comprising an amino acid
sequence of GKI (SEQ 1D NO: 98), and a light chain complementarity-~-deternuning region 3
(VLCDR3) comprising an amino acid sequence of NSRDSSGYLVL (SEQ ID NG: 99).

{08251 In some embodiments, proteins of the present disclosure comprise antigen-binding
sites comprising a heavy chain complementarity-determining region 1 (VHCDRU) comprising an
amino acid sequence of GASYSSSSYY (SEQ ID NO: 83), a heavy chain complementarity-
determining region 2 {VHCDR2) comprising an amino acid sequence of INYGGST (SEQ ID
N 86), a heavy chain complementarity-determining region 3 (VHUDR3) comprising an anuno
acid sequence of ARHRGIYHFDY (SEQ ID NG 87), a heht chain complementarity-
determining region 1 (VLCDRI) comprising an amino acid sequence of NEENKN (SEG 1D NG:
89, a light chain complementanty-determining region 2 (VLCDR2) comprising an amino acid
sequence of RDS (SEQ ID NG 90), and a light chamn complementarity-determining region 3
(VLUDR3) comprising an anuno acid sequence of QVWDSNTVY (SEQ ID NG 91).

{0826]  In some cmbodiments, proteins of the present disclosure comprise antigen-binding
sites comprising a heavy chain complementarity-determining region 1 {(VHCDRI) comprising an
amino acid scguence of GGSISSSSYY (SEQ 1D NO: 101}, a heavy chain complementarity-

5
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determimng region 2 (VHCDR2) comprising an amino acid sequence of IGEVDYSGNT (SEQ
1D NO: 102), a heavy chain complementarity-determuining region 3 {VHCDR3) comprising an
aming acid sequence of ARHRGIYFFDY (SEGQ 1D NO: 103), a hight chain complementarity-
determuning region | {(VLCDRI) comprising an ammno acid sequence of NIENEN (SEQ ID NG:
89}, a light chain complementanty-determining region 2 {(VLCDR2) comprising an amino acid
sequence of RDS (SEQ ID NG: 90), and a light chain complementarity-determining region 3

(VLCDR3) comprising an anuno acid sequence of QVWDSNTVVY (SEQ 1D NG 91).

{0027] 1o some crobodiments, proteins of the present disclosure comprise antigen-binding
sites comprising an amino acid sequence having at least 90% sequence identity to SEQ ID NO:
76, SEQ ID NG: 92, SEQ ID NG: 84, or SEQ [D NG 100, and an amino acid sequence having
at least 90% sequence identity to SEQ 1D NO: 80, SEQ ID NG: 96, SEQ ID NO: 88, or SEQ ID
NGO 104,

{0028] 1o some crobodiments, proteins of the present disclosure comprise antigen-binding
sites comprising an amino acid sequence having at least 90% sequence identity to SEQ ID NG:

76, and an amino actd sequence having at least 90% sequence identity to SEQ 1D NO: 80,

{06291  In some embodiments, proteins of the present disclosure comprise antigen-binding
sites comprising an amino acid sequence having at least 90% sequence identity to SEQ 1D NO:

92, and an amino acid scquence having at least 90% sequence dentity to SEQ D NO: 96,

{0836]  In some embodiments, proteins of the present disclosure comprise antigen-binding
sttes comprising an anuno acid sequence having at least 90% sequence identity to SEQ ID NO:
8, SEQ ID NG: 16, SEQ ID NO: 14, or SEQ ID NO: 18, and an amino acid sequence having at
least 90% sequence identity to SEQ ID NG: 7, SEQ ID NO: 15, SEQ ID NG: 13, or SEG ID NG
17.

{0831]  In some embodiments, proteins of the present disclosure comprise antigen-binding
sttes comprising an anuno acid sequence having at least 90% sequence identity to SEQ ID NO:

&, and an amino acid sequence having at least 0% sequence identity to SEQ ID NG: 7.

{0032] 1o some crabodiments, proteios of the present disclosure comprise antigen-binding
sites comprising an aminge acid sequence having at least 90% sequence identity to SEQ ID NO:

16, and an amino acid sequence having at least 90% sequence identity to SEQ 1D NG: 15,
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{0833]  In some cmbodiments, proteins of the present disclosure comprise antigen-binding
sites that bind at position 60 and/or 83 of the extracellular domain of human OX40L. In some
embodiments, the antigen-binding site binds at position 17, 18, 19, 20, 21, 23, 26, 28, 60, 83,
IO, 11T, 112, 113, and 114 of the extracellular domain of buman OX40L, In some
embodiments, the antigen-binding site binds at position 58, 59, 60, 61, 62, 63, 81, 82, and 83 of

the extracellular domain of human OX40L.

{9634]  In some cmbodiments, proteins of the present disclosure comprise (i) a polypeptide
comprising the extracellular domain of CTLA4 comprising SEQ ID NO: 174; (1) a budging
maotety comprising g sequence comprising of SEQ ID NG: 177 and a sequence comprising of
SEQ ID NG 179 and (1) an anbigen-binding stte comprising, 8 heavy chain vanable
complementarity-determining region 1 {VHCDRI) comprising an amino acid sequence of
GOSISTSSYY (SEQ ID NO: 77), a heavy chain variable complementarity-determining region 2
{VHCDR2} comprising an amino acid sequence of IYYSGST (SEQ ID NO: 78), a heavy chain
variable complementarity-determining region 3 {(VHCDR3) comprising an anmino acid sequence
of ARHRGSYFFDI (SEGQ ID NG: 79), a light cham variable complementarity-determining
region | {VLCDRI) comprising an amino acid sequence of DIENKN (SEQ ID NO: 81), a light
chain variable complementarity-determining region 2 (VLCDR2Z) comprising an amino acid
sequence of RDN (SEQ ID NO: 82), and a light chain variable complementarity-determining
region 3 (VLCDR3) comprising an amino acid sequence of QVRDSNIVY (SEQ ID NO: 83).

{0035] 1o some crobodiments, proteins of the present disclosure comprise a fust arm and a
sccond arm, the first arm comprising (1) a fivst polypeptide comprnising the extracellular domain
of CTLA4 comprising SEQ 1D NO: 174; (i1} a first bridging moiety comprising a sequence
comprising of SEQ 1B NGO 177 and a sequence comprising of SEQ 1D NO: 179; and (111} a first
antigen-binding site comprising, a heavy chain variable complementarity-deternuning region |
(VHCDRI1} comprising an amino acid sequence of GGSISTSSYY (SEQ D NO: 77), a heavy
chain variable complementarity-determining region 2 (VHCDR?2) comprising an amino acid
sequence of IYYSGST (SEQ 1D NO: 78), a heavy chain variable complementarity-detormining
region 3 (VHUDR3) comprising an anino acid sequence of ARHRGSYFFDL (SEQ ID NG: 79},
a light chamn variable complementarity-determining region 1 (VLCDRI) comprising an amino
acid sequence of DIENKN (SEG 1D NO: &1), a light chain variable complementarity-
deternuning region 2 (VLCDRZ) comprising an anuno acid sequence of RDN (SEQ 13 NO: 823,
and a light chain variable complementarity-deternuning region 3 (VLCDR3) comprising an

aming acid sequence of QVRDSNIVY (SE( D NO: 83), and the second arm comprising: (i} a

9
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second polypeptide comprising the extracellolar domain of CTLA4 comprising SEQ ID NG
174; (11} a sccond bridging moicty comprising a sequence comprising of SEQ IDNG: 177 and a
sequence comprising of SEQ 1D NO: 179; and (111} a second antigen-binding site comprising, a

heavy chain variable complementanty-deternuning region 1 {VHCDR) comprising an ammo

W

acid sequence of GGSISTSSYY (SEQ 1D NG: 773, a heavy chain variable complementarity-
determining region 2 {VHCDR2) comprising an aming acid sequence of IYYSGST (SEQ ID
NQO: 78}, a heavy chain varniable complementarity-determining region 3 (VHCUDIR3) comprising
an amino acid sequence of ARHRGSYFFDI (SEQ 1D NG: 79}, a light chamn variable
complementarity-determining region 1 {VLCDRI} comprising an amino acid sequence of

10 DIENKN (SEQ ID NG: 81), a light chain variable complementanty-determining region 2
{VLCDRZ2) comprising an amino acid sequence of RDN (SEQ ID NO: 82), and a hight chain
vartable complementarity-determining region 3 (VLUDR3) comprising an amino acid sequence
of QVRDSNIVY {(SEQ 1D NO: 83}, wherein the first arm and the second arm dimerize with

each other.

15 [0036] o some embodiments, proteins of the present disclosure comprise (1) a polypeptide
comprising the extracellular domain of CTLA4 comprismg SEQ ID NO: 174; (11) a brdging
motety comprising a sequence comprising of SEQ ID NO: 213 and a sequence comprising of
SEQ D NO: 216; and (it} an antigen-binding site comprising, a heavy chain variable
complementarity-determuning region 1 (VHCDRI) comprising an amsino acid sequence of

20 GVSIRSNGYY (SEQ ID NO: 93), a heavy chain variable complementarity-determining region
2 (VHCDR?Z) comprising an amino acid sequence of MDY SGT (SEQ 1D NO: 94}, a heavy chain
variable complementarity-determining region 3 (VHCDR3) comprising an anuno acid sequence
of ARERSNNWYPIDY (SEQ ID NG: 95), a light chain variable complementanty-determining
region 1 {VLCDRI) comprising an amino acid sequence of SVRRFF (SEQ ID NO: 97), a light

N2
(¥4

chain variable complementarity-determining rogion 2 (VLCDRZ) comprising an amino acid
sequence of GKB (SEQ {3 NO: 98), and a light chain vartable complementarity-determining
region 3 {VLCDR3) comprising an amino acid sequence of NSRDSSGYLVL (SEQ 1D NO: 99).

{08371 Io some ermbodiments, proteins of the present disclosure comprise a fust arm and a
second arm, the first arm comprising (1) a first polypeptide comprising the extracelular domain
30 of CTLA4 comprising SEGQ 1D NG: 174, (i1} a first bridging moiety comprising a sequence
comprising of SEQ [ NO: 213 and a sequence comoprising of SEQ 1D NOG: 216 and (1) a first
antigen-binding site comprising, a heavy chain variable complementarity-determining region |

(VHCDRI1) comprising an amino acid sequence of GVSIRSNGYY (SEQ ID N(: 93), a heavy

10
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cham variable complementarity-determining region 2 (VHCDR2) comprising an amino acid
sequence of MDY SGT (SEQ D NO: 94), a heavy chain variable complementarity-detcrmining
region 3 {(VHCDR3) comprising an amino acid sequence of ARERSNNWYPIDY (SEQ ID NO:
95}, a light chain variable complementanty-determining region 1 {VLCDR1} comprising an
amino acid sequence of SVRRFF (SEQ ID NG §7), a hght chain variable complementarity-
determining region 2 {(VLCDR2) comprising an amino acid sequence of GKD (8EQ 1D NG: 98),
and a light chain variable complementarity-deternuning region 3 (VLCDR3) conprising an
amine acid sequence of NSRDSSGYLVL (SEQ ID NG: 99), and the second arm comprising: (1)
a second polypeptide comprising the extracelular domain of CTLA4 comprising SEQ 1D NO:
174; (1) a second bridging moicty comprising a sequence comprising of SEQIDNG: 213 and a
sequence comprising of SEQ 1D NO: 216; and (111} a second antigen-binding site comprising, a
heavy chain variable complementarity-determining region 1 (VHCDRIL) comprising an amino
acid sequence of GYSIRSENGYY (SEQ 1D NO: 93}, a heavy chain variable complementarity-
determining region 2 {(VHCDR2) comprising an ammno acid sequence of MDY SGT (SEQ ID
NO: 94), a heavy cham variable complementarify-determining region 3 (VHCDR3) comprising
an amino acid sequence of ARERSNNWYPIDY (SEQ 1D NO: 95}, a light chain variable
complementarity-determinmg region | (VLCDRI) comprising an amino acid sequence of
SVRRFF (SEQ 1D NO: 97}, a light chamn variable complementarnity-determining region 2
{(VLCDR2) comprising an amino acid sequence of GKD (SEQ 1D NO: 98), and a light chain
variable complementarity-determining region 3 (VLCDR3) comprisiog an amino acid sequence
of NSRDSSGYLVL (SEQ 1D NO: 99), whercin the first arm and the sccond amm dimerize with

each other.

{0038]  In some embodiments, proteins of the present disclosure comprise (i) a polypeptide
comprising the extracellular domain of CTLA4 comprising SEQ 1D NO: 174; (11) a bridging
moiety comprising a sequence comprising of SEQ ID NOG: 213 and a sequence comprising of
SEQ D NO: 214; and (ut) an antigen-binding site comprising, a heavy chain variable
complementarity-determining region 1 (VHCDR1) comprising an amino acid sequence of
GASVESSSYY (SEQ ID NO: 85}, a heavy chain variable complementarity-determining region
2 (VHCDR?Z) comprising an amino acid sequence of INYGGST (SEQ 1D NO: 86), a heavy
chain variable complementanty-deterouning region 3 (VHCDR3) comprising an amsing acid
sequence of ARHRGIYHFDY (SEQ 1D NO: 87}, a light chain vaniable complementarity-
determining region | {VLCDR1) comprising an amino acid sequence of NIENKN (SEQ 1D NO:
89}, a light chain varable complomentarity-deternining region 2 (VLLDIR2) comprising an
amino acid sequence of RDS (SEQ ID NG: 903, and a hght chain variable complementarity-
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determining region 3 (VLCDR3) comprnising an amino acid sequence of QVWDSNTVV (SEQ
D NQO: oLy

{08391 In some embodiments, proteins of the present disclosure comprise a first arm and a
second arm, the first arm comprising (1} a first polypeptide complex the extracelular domain of
CTLA4 comprising SEQ D NO: 174; (1) a fust bridging moiety comprising a sequence
comprising of SEQQ ID NG 213 and a sequence comprising of SEQ ID NO: 214; and (i1} a first
antigen-binding sitc comprising, a heavy chain variable complementarity-determining region 1
{(VHCDR) comprising an anyino actd sequence of GASVSSSSYY (SEQ 1D NOG: 85), a heavy
chain variable complementarity-deternuning region 2 (VHCDR2) comprising an amino acid
sequence of INYGGRT (SE(Q ID NQG: 86}, a heavy chain variable complementanty-determining
region 3 {(VHUDR3) comprising an amino acid sequence of ARHRGIYHFDY (SEQ 1D NO:
&7}, a light chain vanable complementarity-determining region | (VLCDRI) comprising an
aming acid sequence of NIENKN (SEQ D NO: 89), a light chain variable complementarity-
determining region 2 (VLCDRZ2) comprsing an amino acid sequence of RIS (SEQ 1D NO: 50),
and a light chain variable complementarity-determining region 3 (VLCDR3) comprising an
amino acid sequence of QVWDISNTVV (SEQ 1D NG: 91), and the sccond arm comprising: (i} a
second polypeptide comprising the extraceihddar domain of CTLA4 comprnising SEQ ID NO:
174; (11} a second bridging moiety comprising a sequence comprising of SEQ ID NG 213 and a
sequence comaprising of SEQ 1D NG: 214; and (110) a second antigen-binding sife comprising, a
heavy chain variable complementanty-determining region | (VHUDRI) comprnising an amino
acid sequence of GASVESSEYY (SEQ 1D NG: 83), a heavy chain variable complementarity-
deternuning region 2 (VHCDRZ) comprising an amino acid sequence of INYGGST (SEQ ID
NG: 86), a beavy chamn vanable complementarity-determuning region 3 (VHCDR3) comprising
an amino acid sequence of ARHRGIYHEFDY (SEQ ID NG: 87}, a light chain variable
complementarity-determining region 1 (VLLDRI) comprising an amine acid scquence of
NIENKN (SEQ [ NO: 89}, a hight chain variable complementarity-determining region 2
(VLCDR2) comprising an amino acid sequence of RDS (SEQ 1D NO: 90}, and a light chain
vartable complementarity-deternuning region 3 {VLCDR3) comprising an anino acid sequence
of QVWDSENTVV (SEQ 1D NG 91), wherein the first arm and the second arm dimerize with

cach other,

{0040]  In some emboduments, proteins of the present disclosure corapuse (i} a polypeptide
comprising the extracellular domain of CTLA4 comprising SEQ ID NG: 174, (11) a bndging

motety comprising a sequence comprising of SEQ 1D NO: 213 and a sequence comprising of
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SEQ ID NO: 216; and (i) an antigen-binding site comprising, a heavy chain variable
complementarity-determinmg region 1 {(VHUDR1) comprising an amino acid sequence of
GGSISSSSYY (SEQ 1D NO: 101), aheavy chain variable complementarity~determining region
2 {(VHCDR2) comprising an amino acid sequence of IGSVDYSGNT (SEQID NG: 102),a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an anuno
acid sequence of ARHRGIYFFDY (SEQ 1D NO: 103}, a light chain variable complementarity-
determining region | (VLCDR1D) comprising an amino acid sequence of NIENKN (SEQ 1Dy NO:
89}, a light chain variable complementarity-determining region 2 (VLCDRZ) comprising an
aming acid sequence of RDS (SEQ ID NG 903, and a light chain variable complementarity-
determining region 3 (VLCDR3) comprising an amino acid sequence of QVWDSNTVV (SEQ
D NGO 81

{8041]  In some embodiments, proteins of the present disclosure comprise a first arm and a
second arm, the first amm comprising (i) a first polvpeptide comprising the extracellular domain
of CTLA4 comprising SEQ ID NO: 174; (i) a tirst bridging moiety comprising a sequence
comprising of SEQ 1D NO: 213 and a sequence comprising of SEQ ID NO: 216; and (11} a first
antigen-binding stte comprising, a heavy chain vanable complementanity-determining region |
{(VHCDRI1) comprising an amino acid sequence of GGSISSSSYY (SEQ ID NO: 101), a heavy
chain variable complementarity-determining region 2 (VHCDRZ) comprising an amino acid
sequence of JIGSVDYSGNT (SEQ ID NG: 102}, a heavy chain variable complementarity-
determining region 3 (VHCDR3) comprising an amino acid sequence of ARHRGIYFFDY (SEQ
1D NO: 103}, a light chaimn variable complementarity-determining region 1 (VLCDR1D)
comprising an aming acid sequence of NIENKN (SEQ 1D NO: 89}, a light chain variable
complementarity-determining region 2 (VLCDR2) comprising an amine acid sequence of RDS
(SEQ ID NO: 90), and a light chain vaniable complementarity-determining region 3 (VLCDR3)
comprising an amino acid sequence of GVWDSNTVY (SEQ 1D NO: 91}, and the second arm
comprisimg: {1} a second polypeptide comprising the extraceliular domain of CTLA4 comprising
SEQ ID NO: 174; (11} a second bridging motety comprising a sequence comprising of SEQ 1D
N©O: 213 and a sequence comprising of SEQ ID NO: 216; and (111} a second antigen-binding site
comprising, a heavy chain variable complementarnity-determining region | (VHCDRI)
comprising as amine acid scquence of GGSISSSSYY (SEQ D NO: 101), a heavy chain variable
complementarity-determining region 2 (VHCDR2) comprising an amino acid sequence of
IGSVDY SGNT (SEQ 1D NGO: 192}, a heavy chain variable complementarity-determining region
3 (VHCDR3) comprising an aming acid sequence of ARHRGIYFFDY (SEQ ID NG: 163), a
light chain varable complementanty-determining region 1 (VLCDRI) comprising an amino acid
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sequence of NIENKN {(SEQ ID NO: 89), a light chain variable complementarity-determining
region 2 (VLCDR2) comprising an amino acid sequenee of RDS (SEQ 1D NG: 60}, and a light
chain variable complementarity-deternining region 3 (VLCDR3) comprising an anuno acid
sequence of QVWDSNTVVY (SEQ 1D NO: 91), wherein the first arm and the second armm

dimerize with each other.

{8042]  In some embodiments, proteins of the present disclosure comprise (1)} a polypeptide
comprising the extracellular domain of CTLA4 comprising SEQ ID NO: 174; (i1} a bridging
MOICty comprising a scquence comprising of SEQ 1D NG: 713 and a sequence comprising of
SEQ ID NG: 216; and (111) an antigen-binding stte comprising, 3 heavy chain variable
complementarity-determining region 1 (VHCDRI) comprising an amino acid seqoence of
GGSISTSSYY (SEQ ID NO: 77), a heavy chan variable complementarity-determining region 2
(VHCDR2) comprising an amino acid sequence of IYYSGST (SEQ ID NO: 78), a heavy chamn
variable complementanty-deternuning region 3 {(VHUDR3) comprising an amine acid sequence
of ARHRGSYFFDI (SEG 1D NG: 79), a light chain variable complementarity-determining
region 1 {VLCDRI1) comprsing an amino acid sequence of DIENKN (SEGQ 1D NG: 81), a light
cham variable complementarity-determining region 2 (VLCDRZ) comprising an amino acid
sequence of RDN (SEQ ID NO: 82), and a light chamn variable complementarity-determining

region 3 {VLCDR3) comprising an amino acid sequence of GQVRDSNIVV (SEQ ID NG §83).

{0043]  In some embodiments, proteins of the present disclosure comprise a first arm and a
second arm, the first arm comprising (1) a first polypeptide comprising the extracellular domain
of CTLA4 comprising SEQ 1D NO: 174; (11) a first bridging moiety comprising a sequence
comprising of SEQ ID NG: 213 and a sequence comprising of SEQ 1D NO: 216, and (i) a first
antigen-binding site comprising, a heavy chain variable complementarity-determining region |
{(VHCDRI) comprising an amino acid sequence of GGSISTSSYY (SEQ 1D NO: 77}, a heavy
chain variable complementarity-determining region 2 (VHCDR?Z) comprising an amino acid
sequence of IYYSGST (SEQ 1D NG: 78}, a heavy chain vartable complementarity-determining
region 3 (VHCDR3) comprising an amino acid sequence of ARHRGSYFFDI (SEQ ID NG: 79),
a light chamn vanable complementarity-determuning region 1 (VLCDRI) comprising an amino
acid sequence of DIENKN (SEQ ID NO: &1), a light chain variable complementarity-
determining region 2 {(VLCDR2) comprising an amino acid sequence of RDN (SEQ 1D NO: 82},
and a light chain variable complementarity-deterouning region 3 (VLCDR3) conprising an
aming acid sequence of QVRDSNIVY (SEQ 1D NO: 83}, and the second arm comprising: (U a
second polypeptide comprising the extracellelar domain of CTLA4 comprising SEQ ID NO:

14
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174; (i1} a second bridging moiety comprising a sequence comprising of SEQ IDNG: 213 and a
sequence comprising of SEQ ID NG 216; and (111} a second antigen-binding site comprising, a
heavy chain variable complementanty-deternmining region | (VHCDR1) comprising an amino

acid sequence of GGSISTSSYY (SEQ ID NG: 77), a heavy chan vanable complementarity-

W

determuning region 2 {VHUDR2) comprising an aming acid sequence of IYYSGST (SEQ ID
NQ: 78}, a heavy chain variable complementaritv-determining region 3 (VHUDR3) comprising
an amino acid sequence of ARHRGSYFFDL (SEQ ID NO: 79), a light chain varable
complementasity-determining region 1 (VLCDRI) comprising an amino acid sequence of
DIENKN (SEQ 1D NO: 81), a hight chain variable complementarity-determining region 2

10 (VLCDR2) comprising an amino acid sequence of RDN (SEQ 1D NG: 82), and a light chan
variable complementaritv-determining region 3 (VLUDR3) comprising an amino acid sequence
of QVRDSNIVY {(SEQ ID NO: 83), wherein the first arm and the second arm dimerize with

cach other.

{0844]  In some embodiments, proteins of the present disclosure comprise (i) a polypeptide
15 comprising the extracellular domain of CTLA4 comprising a sequence selected from a group
consisting of SEQ 1D NO: 174, SEQ ID NG: 119, SEQ ID NO: 215, SEQ ID NG: 233, SEQ ID
NG 234, and SEQ ID NO: 235, (31} a bridging moiety comprising a sequence selected from a
group consisting of SEQ 1D NG: 175, SEQ ID NG: 176, SEQ D NO: 177, SEG 1D NO: 212,
SEQ D NO: 213, and SEQ ID NO: 248, and a scquence selected from a group consisting of
20 SEQIDNO: 178, SEQ ID NO: 237, SEQ ID NO: 214; SEQ ID NO: 216, SEQ ID NG: 179,
SEQ 1D NO: 180, SEQ ID NO: 239, and SEQ ID NGO 240; and (u1) an antigen-binding site
comprising a heavy chain variable complementarity-determining region | {(VHCDRL)
comprising an amino acid sequence of GFTFANYA (SEQ ID NG: 133), a heavy chain variable

complementarity-detenmining region 2 (VHCDRZ) comprising an amino acid sequence of

N2
7t

ISGSGGAT (SEQ 1D NO: 113), a heavy chain variable complementarity-determining rogion 3
(VHCDR3) comprising an amino acid sequence of TKDRUIMATVRGPYYYGMDYVY (SEQ 1D
NGO 114}, a hght chan vanable complementarity-determining region 1 (VLCDRI) comprising
an amine acid sequence of QSISSY (SEQ ID N(: 121), a light chain variable complementarity-
determining region 2 (VLCDRZ) comprising an amino acid sequence of AAS (SEQ 1D NO:

30 146}, and a light chain vanable complementarity-determining region 3 (VLCDR3) comprising
an amino acid sequence of QQSHSYSFT (SEQ ID NO: 154},

{8045]  In some embodiments, proteins of the present disclosure comprise a first arm and a

second arm, the first arm comprising (i) a first polypeptide comprising the extracellular domain

15
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of CTLA4 comprising a sequence selected from a group consisting of SEQ 1D NQ: 174, SEG 1D
NGO 119, SEQ ID NG 215, SEQ 1D NO: 233, SEQ ID NO: 234, and SEQ ID NG: 235: (i a
first bridging moiety comprising a sequence selected from a group consisting of SEQ 1D NO:
175, SEGQ ID NO: 176, SEQ ID NQ: 177, SEQ ID NG: 212, SEQ TD NO: 213, and SEQ IDNO:
248, and a sequence selected from a group consisting of SEQ 1D NO: 178, SEQ 1D NO: 237,
SEQID NO: 214; SEQ ID NO: 216, SEQ ID NO: 179, SEQ 1D NO: 180, SEQ ID N{O: 239, and

W

SEQ D NO: 240; and (ut) a fust antigen-binding site comprising a heavy chain variable
complementasity-determining region 1 (VHCDR1} comprising an amino acid sequence of
GETFSNYA (SEQ 1D NO: 133}, a heavy chain vanable complementarity-determining region 2

0 (VHCDR2) comprising an anino acid sequence of ISGSGGAT (SEQ 1D NO: 113), aheavy
cham variable complementarity-determining region 3 (VHCDR3) comprising an amino acid
sequence of TKDRLIMATVRGPYYYGMDVY (SEQ 1D NO: 114), a light chain vaniable
complementarity-determining region 1 (VLCDRI) comprising an amino acid sequence of
QSISSY {(SEQ ID NG 121), a hight chain variable complementarity-determining region 2

15 (VLCDR2) comprising an amino acid sequence of AAS (SEQ ID NO: 1406}, and a hight chain
variable complementanty-determining region 3 {(VLCDR3) comprising an amino acid sequence
of QQSHSVSFT (SEQ 1D NO: 154), and the second arm comprising: (1) a sccond polypeptide
comprising the extracellular domain of CTLA4 comprising a sequence selected from a group
consisting of SEQ I NO: 174, SEQ ID NQG: 119, SEQ 1D NO: 215, SEQ ID NG 233, SEQ ID

20 NO: 234, and SEQ 1D NO: 235; (i1} a second bridging moiety comprising a sequence sclected
from a group consisting of SEQ D NO: 175, SEQ D NO: 176, SEQ 1D NQO: 177, SEQ ID NOG:
212, SEQ ID NG 213, and SEQ ID NG: 248, and a sequence selected from a group consisting of
SEQ ID NO: 178, SEQ ID N(: 237, SEG ID NG: 214, SEQ ID NO: 216, SEQ ID NG: 179,
SEQ ID NO: 180, SEQ ID NO: 239, and SEQ ID NG: 240; and (ii1) a sccond antigen-binding

[\
L

site comprising a heavy chain variable complementanty-determining region 1 (VHCUDR1D)

comprising an amino acid sequence of GFTFSNYA (SEQ ID NO: 133), a heavy chain variable
complementarity-determining region 2 (VHCDRZ) comprising an amino acid sequence of
ISGSGGAT (SEQ ID NO: 113), a heavy chain variable complementarity-determining region 3
(VHCDR3) comprising an amino acid sequence of TKDRLIMATVRGPYYYGMDY (SEQ ID

30 N 114), a light chain variable complementarity-determining region 1 (VLCDRI) comprising
an amino acid sequence of Q8ISSY (SEQ ID NG: 121), a lght chain varniable complementarity-
determining region 2 (VLCDR2) comprising an amino acid sequence of AAS (SEQ 1D NG:

146}, and a light chan vaniable complementarity-determining region 3 (VLCDR3) comprising
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an amino acid sequence of QUSHSVSFT (SEQ 1D NG: 154}, wherein the first anm and the

second arm dimerize with each other.

{0846]  In some embodiments, proteins of the present disclosure comprise (i} a polypeptide
comprising the extracellular domain of CTLA4 comprising a sequence selected from a group
consisting of SEQ 1D NG: 174, SEQ ID NG: 119, SEQ 1D NG: 215, SEQ ID NO: 233, SEQ ID
N 234, and SEQ ID NG 235, (i1} a bridging moiety comprising a sequence selected from a
group consisting of SEQ ID NG: 175, SEQ 1D NO: 176, SEQ 1D NO: 177, SEQ 1D NO: 212,
SEQ D NO: 213, and SEQ ID NO: 248, and a sequence selected from a group consisting of
SEQID NG: 178, SEQG ID NG: 237, SEQ ID NO: 214, SEQ ID NG: 216, SEQ IDNO: 179,
SEQ ID NG 180, SEQ ID NG: 239, and SEQ 1D NO: 240; and (11} an antigen-binding site
comprising a heavy chain variable complementarity-determining region 1 {VHCDR1Y)
comprising an amino acid sequence of SYAMS (SEQ 1D NO: 105}, a heavy chain variable
complementarity-determining region 2 (VHUDR2} comprising an amino acid sequence of
HSGSGGFTYYADSVK (SEQ ID NO: 106), a heavy chain vanable complementarity-
determining region 3 (VHCDR3) comprising an amino acid sequence of DRLVAPGTFDY
(SEQ ID NG 107), a hight chain varable complementanity~determining region 1 (VLCDRD)
comprising an amino acid sequence of RASQGISSWLA (SEQ 1D NO: 169}, a light chain
variable complementarity-determining region 2 (VLCDR2) comprising an amino acid sequence
of AASSLOQS (SEQ D NO: 170), and a light chain vanable complementarity-determining
region 3 {(VLCDR3) comprising an amino acid sequence of QQYNSYPYT (SEQ ID NO: 171).

{0047]  In some embodiments, proteins of the present disclosure comprise a first arm and a
sccond arm, the first arm comprising (1) a first polypeptide comprising the extracelular domain
of CTLA4 comprising a sequence selected from a group consisting of SEQ ID NO: 174, SEQ ID
NO: 119, SEQ IDNG: 215, SEQ ID NO: 233, SEQ 1D NO: 234, and SEQ ID NG: 235, (W) a
first bridging moicty comprising a sequence selected from a group consisting of SEQ 1D NO:
175, SEQ ID NG 176, SEQID NG: 177, SEQ ID NO: 212, SEQ ID NG: 213, and SEQ ID NG:
248, and a sequence selected from a group consisting of SEQ 1D NG 17, SEQ 1D NO: 237,
SEQIDNO: 214, SEQ ID NO: 216, SEQ ID NO: 179, SEGQ 1D NO: 180, SEQ 1D NO: 239, and
SEQ ID NO: 240; and {(i11) a first antigen-binding site comprising a heavy chain variable
complementarity-determining region 1 (VHCDRI) comprising an amino acid sequence of
SYAMS (SEQ ID NO: 105}, a beavy chain varnable complomentarity-deternuning region 2
(VHCDRZ) comprising an amino acid sequence of ISGSGGFTYYADSVE (SEQ ID NG: 106},

a heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an amino
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acid sequence of DBRLVAPGTFDY (SEQ ID NQ: 107), a light chain variable complementarity-
determining region 1 (VLCDRI comprising an amino acid scquence of RASQGISSWLA (SEQ
1D NO: 169), a light chan variable complementarity-deternuining region 2 (VLUDR2)

comprising an amino acid sequence of AASSLQS (SEQ ID NG: 170), and a hight chain variable

W

complementarity-determining region 3 (VLCDR3) comprising an amine acid sequence of

QOQYNSYPYT (SEQ ID NG: 171), and the second arm comprises: {i) a second polypeptide

comprising the extracclular domain of CTLA4 comprising a sequence sclected from a group

consisting of SEQ ID NQO: 174, SEQ 1D NG: 119, SEQ ID NG: 215, SEQ ID NO: 233, SEQ ID

NO: 234, and SEQ ID NG: 235, (1) a second bridging moiety comprising a sequence selected

10 from a group consisting of SEQ ID NO: 175, SEQ 1D NO: 176, SEQ D NO: 177, SEQ ID NG
212, SEQ ID NQ: 213, and SEQ ID NO: 248, and a sequence selected from a group consisting of
SEQ IDNG: 178, SEQ ID NO: 237, SEQ 1D NO: 214, SEQ ID NQ: 216, SEQ ID NO: 179,
SEQ ID NG 180, SEQ 1D NQ: 239, and SEQ 1D NG: 240; and (i) 2 second antigen-binding
stte compusing a heavy chain variable complementanty-determuning region 1 (VHCDRI)

15 comprising an amino acid sequence of SYAMS (SEQ 1D NO: 103), a heavy chain variable
complementarity-determining region 2 { VHUDR2) comprising an amino acid sequence of
HASGSGGFTYYADSVYK (SEQ ID NO: 106), a heavy chain vanable complementarity-
determining region 3 {(VHCDR3) comprising an amino acid sequence of DRLVAPGTFDY
(SEQ ID NG 107}, a hight chain variable complementarity-determining region 1 (VLCDR1})

20 comprising an amino acid sequence of RASQGISSWELA (SEQ 1D NO: 169), a light chain

variable complementanty-determining region 2 (VLCDR2) comprising an amino acid sequence

of AASSLOQS (SEQ ID NO: 170), and a light chain vanable complementarity-deternmining

region 3 {(VLCDR3) comprising an amino acid sequence of QUYNSYPYT (SEQ 1D NO: 171),

wheremn the first arm and the second arm dumerize with each other,

N2
7t

{0048]  In some embodiments, proteins of the present disclosure comprise (i} a polypeptide
comprising the extraccliular domain of CTLA4 comprising a sequence sclected from a group
consisting of SEQ ID NQG: 174, SEQ I NO: 119, SEQID NG: 215, SEQ IDNO: 233, SEQ ID
N 234, and SEQ ID NG 235, (i1} a bridging moiety comprising a sequence selected from a
group consisting of SEQ ID NO: 175, SEQ 1D NO: 176, SEQ 1D NO: 177, SEQ 1D NG: 212,
30 SEQIDNG: 213, and SEQ 1D NO: 248, and a sequence sclected from a group consisting of
SEQID NG: 178, SEQ ID NO: 237, SEQ ID NO: 214 | SEQ ID NG: 216, SEQ ID NO: 179,
SEQ ID NG 180, SEQ D NO: 239, and SEQ 1D NG: 240; and (i) an antigen-binding site
comprising, according to the IMGT uique numbering scheme, VHCDRI, VHCDR2, VHCDR3,
VLCDRI, VLCBRZ, and VLCDR3 cach comprising an anino acid sequence corresponding o
1%
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the VHCDRI, VHCBR2, VHUDRS, VLCDRI, VLCDR2, and VLUDRS3 sequences of a heavy

chain variable domatn and a light chain variable domain Histed m TABLE 3, respectively.

{08491 In some embodiments, proteins of the present disclosure comprise a first arm and a
second arm, the first arm comprising (1} a first polypeptide comprising the extracelular domain
of CTLA4 comprising a sequence selected from a group consisting of SEQ ID NO: 174, SEQ 1D
NG 119, SEQ ID NG: 215, SEQ 1D NO: 233, SEQ ID NO: 234, and SEQ ID NG: 235 (it} a
first bridging moiety comprising a sequence sclected from a group consisting of SEQ 1D NO:
175, SEQ ID NO: 176, SEQ D NO: 177, SEQ ID NG: 212, SEQ ID NO: 213, and SEQ ID NO:
248, and a sequence selected from a group consisting of SEQ TD NO: 178, SEQ 1Dy NO: 237,
SEQIDNG: 214 SEQ ID NG 216, SEQ ID NQG: 179, SEQ 1D NO: 180, SEQ ID NG: 239, and
SEQ ID NO: 240; and {u1) a first antigen-binding site comprising, according to the IMGT unigue
numbering scheme, VHCDRI, VHCDR2, VHCDR3S, VLCDRI1, VLCDR2, and VLCDRS3 cach
comprising an aming actd sequence corresponding to the VHCDRI, VHCDRZ, VHUDR3,
VLCDRI, VLCDRZ, and VLCDR3 sequences of a heavy chain variable domain and a light
chain variable domain listed in TABLE 3., respectively, and the second arm comprising: (i) a
second polvpeptide comprising the extracellular domamn of CTLA4 comprising a sequence
selected from a group consisting of SEQ ID NG: 174, SEQG ID NG: 119, SEQ IDNO: 213, SEQ
1D NO: 233, SEQ ID NO: 234, and SEQ 1D NO: 235; (i1 a second bridging moiety comprising a
sequence selected from a group consisting of SEQ 1D NOQ: 173, SEGQ ID NG: 176, SEQ ID NO:
177, SEQID NG 212, SEQ ID NO: 213, and SEQ 1D NG: 248, and a sequence selected from a
group consisting of SEQ ID NG: 178, SEQ 1D NQO: 237 SEGIDNO: 214, SEGQ ID NO: 216,
SEQ D NO: 179, SEQ 1D NO: 180, SEQ 1D NO: 239, and SEQ 1D NO: 240; and (1U) a sccond
antigen-binding site comprising, according to the IMGT unigue numbering scheme, VHCDRI,
VHCDRZ, VHCDRS, VLCDRI, VLCDRZ, and VLCDR3 ecach comprising an anuno acid
sequence corresponding to the VHCDRI, VHCDR2, VHCDRZ, VLCDRL VLCDR2, and
VELCDIR3S sequences of a heavy chain varnable domain and a light chain varniable domain listed in

TABLE 3, respectively, wherein the first arm and the second arm dimenze with each other.

{0058] 1o some crobodiments, proteins of the present disclosure comprise (1) a polypeptide
comprising the extracellular domain of CTLA4 comprising a sequence selected from a group
consisting of SEQ 1D NOG: 174, SEQ ID NG: 119, SEQ 1D NO: 215, SEQ ID NG: 233, SEQ 1D
NO: 234, and SEQ [0 NO: 235; (11} a bridging moiety comprising a sequence selocted from a
eroup consisting of SEQ ID NG: 175, SEQ 1D NO: 176, SEQ ID NGO 177, SEQ ID NO: 212,
SEQ ID NO: 213, and SEQ 1D NO: 248, and a sequence selected from a group consisting of
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SEQ ID NO: 178, SEQ ID NG: 237, SEG ID NG 214 | SEQ ID NQO: 216, SEQ 1D NG: 179,
SEQ ID NO: 180, SEQ ID NGO: 239, and SEQ ID NO: 240; and (u1} an antigen-binding site

comprising a polypeptide that specifically binds to OX40L.

{0051]  In some embodiments, proteins of the present disclosure comprise a first arm and a
second arm, the first arm comprising (1) a first polvpeptide comprising the extracellular domain
of CTLA4 comprising a sequence selected from a group consisting of SEQ ID NQ: 174, SEG 1D
NO: 119, SEQ D NO: 215, SEQ 1D NG: 233, SEQ ID NQO: 234, and SEQ ID NO: 235; (it} a
first bridging moiety corprising a sequence selected from a group consisting of SEQ 1D NO:
175, SEGQG ID NO: 176, SEQ ID NQ: 177, SEQ ID NG: 212, SEQ ID NO: 213, and SEQ IDNO:
248, and a sequence selected from a group consisting of SEQ 1D NO: 178, SEQ D NO: 237,
SEQIDNG: 214  SEQID NG 216, SEQ ID NO: 179, SEQ ID NO: 180, SEQ ID NO: 239, and
SEQ ID NO: 240; and (i) a first antigen-binding site comprising a polvpeptide that specifically
binds to OX40L, and the second arm comprising: (i) a second polypeptide comprising the
extracellular domain of CTLA4 comprising a sequence selected from a group consisting of SEQ
DN 174, SEQID NG: 119, SEQ ID NG: 215, SEQ 1D NO: 233, SEQ D NO: 234, and SEQ
{0 NO: 235; (11) a second bridging moiety comprising a sequence selected from a group
consisting of SEQ 1D NG: 175, SEQ ID NO: 176, SEQ 1D NO: 177, SEQ ID NG 212, SEQ ID
NQ: 213, and SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ 1D NO:
178, SEQ I NO: 237, SEQID NG 214, SEQ 1D NG: 216, SEQ ID NG: 179, SEQ 1D NO:
180, SEQ D NG: 239, and SEQ ID NG 240; and (11) a second antigen-binding site comprising
a polypeptide that specifically binds to OX40L, wherein the first arm and the second arm

dimernize with cach other,

{0052] In some embodiments, proteins of the present disclosure comprise an amino acid
sequence at least 90% identical to the amino acid sequence of SEQ 1D NGO 40, SEQ 1D NO: 62,
SEQ IDNQG: 64, SEQ ID NG: 182, SEQ ID NO: 183, SEQ D NO: 184, SEQ ID NO: 185, SEQ
ID NQO: 186, SEQ 1D NG: 48, SEQ ID NQ: 68, SEQ IDNG: 187, SEQ ID NG: 188, SEQ ID
NGO 189, SEQ ID NG 190, SEQ 1D NO: 191, SEQ ID NO: 46, SEQ 1D NO: 66, SEQ ID NO:
192, SEQ 1D NO: 193, SEQ 1D NO: 194, SEQ ID NG: 195, SEQ ID NQO: 196, SEQ ID NO: 50,
SEQ D NG: 70, SEQ ID NG: 197, SEQ ID NGO 198, SEQ ID NO: 199, SEG 1D NO: 200, SEQ
ID NG 201, SEQ ID NG: 38, SEQ ID NO: 73, SEQ ID NG: 42, SEG 1D NO: 44, SEQ 1D NO:
52, SEQ ID NG: 54, SEQ ID NO: 56, SEQ 1D NG: 58, SEQ ID NG 60, SEQ ID NO: 37, SEQ
ID NQ: 256, SEQ 1D NG: 257, SEQ ID NG: 258, SEQ ID NO: 259, SEQ IDNO: 260, SEQ ID
N 261, SEQ ID NG: 262, SEQ 1D NO: 263, SEQ [D NO: 264, SEQ ID NO: 265, SEQ D NO:
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266, SEQ [D NO:
SEQ ID NO:
SEQIDNO: 2
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

272,

SEQ ID NO
. SEQID NO

282, SEQ ID NO:
287, SEQ ID NO:
292, SEQ ID NO:

267, SEG ID NO: 268, SEQ 1D NO: 269, SEQ ID NO:
- 273, SEQ ID NO:
<278, SEQ ID NO:
283, SEQ ID NO:
288, SEQ ID NO:
293, SEQ ID NO:

274, SEQID NG
279, SEQIDNG: 2
284, SEQ ID NG:
289, SEQID NG 2

PCT/US2022/032482

270, SEQ ID NO: 271,
5, SEQ ID NO:
). SEQ 1D NO:
285, SEQ 1D NO:
6, SEQ 1D NO:

276,

281,

294, SEQ ID NO:
299, SEQ 1D NO: 3
304, SEQ 1D NO:
309, SEQ 1D NO: 310, SEQ ID NO:
314, SEQ IDNO: 315, SEQ 1D NO:
319, SEQ ID NQ: 320, SEQ 1D NO:
324, SEQ ID NO: 325, SEQ 1D NO:
329, SEQ ID NO: 330, SEQ 1D NO:
334, or SEQ ID NO: 335,

. SEQ 1D NO:
. SEQ 1D NO:
. SEQ ID NO:

SEQ 1D NO: 297
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO-

SEQ 1D NO:
SEQ ID NO:
. SEQ ID NO:
2, SEQID NO:
317, SEQ ID NO:
322, SEQ ID NO:
327, SEQ ID NO:
332, SEQ ID NO:

298, SEQ 1D NO:
303, SEQ ID NO:
308, SEQ ID NO:
313, SEQ ID NO:
318, SEQ 1D NO:
323, SEQ 1D NO:
328, SEQ 1D NO:
333, SEQ 1D NO:

{0033] 1o some crobodiments, proteins of the present disclosure comprise polypeptides
comprising anuno acid sequences at least 909% identical to the amino acid sequences of, SEQ ID
NQ: 40 and SEQ ID NG: 39; SEGQ ID NG: 62 and SEQ ID NO: 61; SEQ ID NQG: 64 and SEQ ID
NQ: 63; SEQ ID NO: 182 and SEG 1D NG: 63; SEQ 1D NO: 183 and SEQ ID NO: 63; SEG 1D
NO: 184 and SEQ ID NO: 63; SEQ ID NG: 185 and SEQ 1D NG: 63; SEQ ID NG: 186 and SEQ
D NQO: 63; SEQ ID NG 48 and SEQ D NQ: 47, SEQ ID NO: 68 and SEQ ID NQ: 67; SEQ ID
NO: 187 and SEQ ID NO: 67 SEQ ID NO: 188 and SEG ID NO: 67; SEQ 1D NO: 189 and SEQ
D NG 67 SEQ 1D NG: 190 and SEQ ID NG: 67; SEQ 1D NO: 191 and SEQ ID NG 67, SEQ
I3 NO: 46 and SEQ TD NO: 45; SEQ ID NGO: 66 and SEQ ID NG: 65, SEQ ID NG: 192 and
SEQ ID NG: 65; SEQ ID NG 193 and SEQ ID NG: 65; SEQ ID NQO: 194 and SEQ D NG 65
SEQ ID NO: 195 and SEGQ 1D NO: 63; SEQ 1D NO: 196 and SEQ ID NO: 65; SEQ 1D NG: 50
and SEQ 1D NO: 49; SEQ D NO: 70 and SEQ 1D NG: 69, SEQ ID NG 197 and SEQ 1D NO:
69; SEQ ID NG: 1958 and SEQ ID NO: 69; SEQ 1D NO: 199 and SEQ ID NO: 69, SEQ D NO:
200 and SEQ ID NG: 69, SEQ 1D NG: 201 and SEQ 1D NG: 69, SEQ ID NG: 38 and SEQ [D
NGO 5, SEQ 1D NG: 73 and SEQ 1D NO: 5; SEQ ID NO: 42 and SEQ ID NO: 41; SEG 1D NG:
44 and SEQ ID NO: 43; SEQ ID NO: 52 and SEQ ID NG: 51; SEQ ID NO: 54 and SEQ ID NO:
53, SEG ID NO: 36 and SEQ 1D NO: 55; SEQ ID NQO: 58 and SEQ ID NG: 57, SEQ 1D NO: 60
and SEQ 1D NG: 39; SEQ 1D NO: 37 and SEQ ID NO: 35, SEQ ID NO: 256 and SEQ 1D NO:
63, SEGQ ID NG: 257 and SEQ D NO: 63; SEQ 1D NO: 258 and SEG ID NO: 63; SEQ 1D NO:
259 and SEQ ID NQO: 63; SEQ ID NO: 260 and SEQ ID NO: 63; SEQ ID NO: 261 and SEQ ID
23
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N 63; SEQ ID NO: 262 and SEQ ID NG: 63, SEQ ID NO: 263 and SEQ 1D NO: 63; SEQ ID
NGO 264 and SEQ 1D NO: 63; SEQ ID NO: 265 and SEG 1D NO: 63; SEQ 1D NO: 266 and SEQ
1D NO: 63; SEQ 1D NO: 267 and SEQ ID NO: 63; SEQ 1D NO: 268 and SEQ 1D NQ: 63; SEQ
D NO: 269 and SEQ ID NO: 63; SEQ ID NG: 270 and SEQ D NO: 63; SEQIDNG: 271 and
SEQ D NG: 63; SEQ 1D NO: 272 and SEQ 1D NG: 63; SEQ ID NG: 273 and SEQ [DNO: 63;
SEQ ID NO: 274 and SEQ 1D NO: 63; SEQ 1D NO: 275 and SEQ D NO: 63, SEG 1D NG: 276
and SEQ 1D NO: 63; SEQ D NO: 277 and SEQ ID NO: 63; SEQ 1D NG: 278 and SEQ 1D NO:
63, SEQ ID NG: 270 and SEQ ID NO: 63; SEQ ID NO: 280 and SEQ ID NO: 63; SEQ ID NO:
281 and SEQ ID NO: 63, SEQ 1D NO: 282 and SEQ 1> NO: 63; SEQ ID NO: 283 and SEQ 1D
NGO 63; SEQ ID NO: 284 and SEQ 1D NG 63; SEQ ID NO: 285 and SEQ 1D NO: 63; SEQ 1D
NG: 286 and SEQ ID NG: 63; SEQ 1D NO: 287 and SEQ ID NO: 63; SEQ [D NO: 288 and SEQ
1D NO: 63; SEQ 1D NO: 289 and SEQ ID NQ: 63, SEQ ID NO: 290 and SEQ 1D NO: 63; SEQ
1D NG: 291 and SEQ 1D NO: 63; SEQ 1D NO: 292 and SEGQ 1D NG: 63; SEQ 1D NO: 293 and
SEQ ID NO: 63; SEQ ID NO: 294 and SEQ [D NO: 67, SEQ 1D NG: 295 and SEGQ 1D NG: 67;
SEQ D NG: 296 and SEQ ID NO: 67, SEQ D NG: 297 and SEQ ID NG: 67, SEQ ID NG: 298,
and SEQ 1D NG: 67; SEQ 1D NO: 299 and SEQ 1D NO: 67; SEQ 1D NG: 300 and SEQ 1D NO:
67, SEQ D NO: 301 and SEQ ID NO: 67; SEQ 1D NO: 302 and SEQ ID NO: 67, SEQ ID NO:
303 and SEQ 1D NO: 67; SEQ ID NO: 304 and SEQ ID NG: 67, SEQ 1Dy NO: 305 and SEQ ID
NQO: 67, SEQ [D NG: 306 and SEGQ IDNG: 67, SEQ ID NO: 307 and SEQ ID NG 67, SEQ ID
NQO: 308 and SEQ ID NO: 67; SEQ 1D NG: 309 and SEQ ID NO: 67. SEQ ID NG: 310 and SEQ
ID NG 67; SEQ ID NG: 311 and SEQ ID NO: 67, SEQ ID NO: 312 and SEQ ID NG: 67, SEQ
ID NQO: 313 and SEQ [D NO: 67, SEQ 1D NG: 314 and SEQ ID NG: 67, SEQID NG: 315 and
SEQ ID NO: 67, SEQ ID NO: 316 and SEQ D NG 67; SEQ 1D NG: 317 and SEQ ID NG: 67;
SEQ ID NO: 318 and SEQ ID NO: 67, SEQ 1D NGO: 319 and SEQ ID NG: 67, SEQ 1Dy NG 320
and SEQ ID NO: 67; SEQ ID NO: 321 and SEQ ID NGO: 67, SEQ D NO: 322 and SEQ ID NO:
67, SEG ID NO: 323 and SEQ ID NO: 67, SEQ ID NO: 324 and SEGQ 1D NO: 67; SEQ 1D NO:
325 and SEG 1D NO: 67; SEQ 1D NO: 326 and SEQ ID NO: 67, SEG 1D NG: 327 and SEQ 1D
NO: 67, SEQ D NGO: 328 and SEQ ID NO: 67, SEQ [D NO: 329 and SEQ ID NG: 67, SEQ 1D
N 330 and SEQ ID NG: 67, SEQ ID NG: 331 and SEQ ID NO: 67; SEQ ID NO: 332 and SEQ
ID NQO: 253; SEQ ID NO: 333 and SEQ ID NO: 255, SEQ ID NGO: 334 and SEQ 1D NO: 253,
and SEQ 1D NGO 335 or SEQ 1D NO: 255,

{0054]  In some embodiments, proteins of the present disclosure comprise two polypeptides

comprising amino acid sequences of SEG ID NO: 63 and two polypeptides comprising amino
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acid sequences of SEQ ID NG: 64, or two polypeptides comprising amino acid sequences of

SEQ ID NO: 68 and two polypeptides comprising amino acid sequences of SEQ 1D NO: 67,

{0855]  In some embodiments, proteins of the present disclosure have an 1Cso less than 12 oM,
for example 5 uM to 12 oM or 5 oM to 9 nM, as measured in an OX40L neutralization/QX40-

HEK reporter assay.

{0056] 1o some crabodiments, proteins of the present disclosure have an ICs0 of 2 oM to 12

nM, for example 2 nM to 9.5 nM, as measured in a primary T cell activation assay.

{00577  In some emboduncnts, proteins of the present disclosure have a Ko for OX40L

binding of less than 75 nM, for example 20 oM to 75 nM, as measured in a Biacore assay.

{0038]  In some embodiments, a protein of the present disclosure significantly inhibits at least
one of 1L-2, IFNy, IL-6, and TNFa production by cells in an in virro mixed lvmphocyte reaction
assay as compared to cells treated under the same conditions but in the absence of protein, or in
the presence of a hurman CTLA4 extracellular domain fused at the N-terminus of a human IgGl
Fe domain {CTLA4-Ig) and an anti-OX40L antibody, presented mdividually or in combination

of the two proteins presented separately.

{0039]  In some embodiments, a protein of the present disclosure significantly inhibits
alloreactive CD4™ and CD8" T cell proliferation in an i vifro mixed lymphocyte reaction assay
as compared to alloreactive CD47 and CD8™ T cells treated under the same conditions but in the

absence of protemn, or in the presence of a CTLA4-Ig and/or an anti-DX40L antibody.

{0068]  In some embodiments, a protein of the present disclosure preferentially inhibits
alloreactive CD4Y and CD8" T cell proliferation as compared to regulatory T cell (Treg)
proliferation in an i vifro mixed lymphocyte reaction assay as compared to alloreactive CD47
and CD8™ T cells treated under the same conditions but in the absence of protein, or i the

presence of a CTLA4-Ig and/or an anti-OX40L antibody.

{0061] 1o some crobodiments, a protein of the present disclosure significantly enhances Trep
sappressive function i an i vitre mixed lvmphoceyte reaction assay as compared 1o Twg cells
treated under the same conditions but in the absence of protein, or in the presence of a CTLA4-

g and/or an anti-OX40L antibody.

{0062]  In some cmbodiments, a protein of the prescat disclosure significantly inhibits
alloreactive CD4" and CD8Y T cell proliferation in an adoptive transfer assay in humanized mice
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as compared io alloreactive {D4" and CD8" T cells in mice treated under the same conditions

but in the absence of protein, or in the presence of a CTLA4-Ig and/or an anti-OX40L antibody.

{0863]  In some embodiments, a protein of the present disclosure significantly inhibits seram
IFNy levels 1n an adoptive transfer assay in humanized mice as compared to mice treated under
the same conditions but n the absence of proten, or in the presence of a CTLA4-Ig and/or an
anti-OX40L antibody.

{0864]  In some embodiments, a protein of the present disclosure is not significantly

internalized into myeloid-derived dendritic cells (MDDCs).

{80565]  In some embodiments, a protein of the present disclosure is cross-reactive with
cynomolgus OX40L and/or is not cross-reactive with mouse, rabbit, or rat OX40L. In some
embodiments, a protein of the present disclosure is cross reactive with cynomolgus CD80 and

CD36.

{0066]  In another aspect, the present disclosure provides the use of a heavy chain polypeptide
as disclosed herein in the preparation of a protein comprising the heavy chain polyvpeptide and a

light chain polypeptide as disclosed herein.

{0067]  In another aspect, the present disclosure provides a formulation comprising a protein

as disclosed herein and a pharmaceutically acceptable carrier.

{0068]  In another aspect, the present disclosure provides a nucleic acid encoding a protein as

disclosed hercin.

{0069]  In yet another aspect, the prosent disclosure provides a cell comprising one or more

nucleic acids encoding a protein as disclosed hercin.

{0070]  In another aspect, the present disclosure provides a method of treating an avtoimmune
discase in a paticnt coroprisivg adiuustering to the patient a protein or formulation as disclosed
herein. For example, autoimmune diseases that can be treated by proteins of the present
disclosure include rheumatoid arthritis, fuvenile idiopathic arthritis, psoriatic arthritis, atopic
dermatitis, Achalasia, Addison’s disease, Adult Still's disease, Agammaglobulinenua, Alopecia
arcata, Amvloidosis, Ankylosing spondylitis, Anti~-GBM/Anti-TBM vephnitis, Antiphospholipid
svndrome, Autoimmune angioedema, Autoimmune dysautonomia, Autoimmane
encephalomyelitis, Autormmune hepatitis, Autotmmune inner car disease (AlED), Autoimumune
myocarditis, Autoinunune cophoritis, Autoimmune orchitis, Autoimnwne pancreatitis,
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Autoimmaone retinopathy, Autoimmune urticaria, Axonal & newronal neuropathy {AMAN), Balo
discase, Beheet's discase, Benign mucosal pemphigoid, Bullous pemphigoid, Casticman discase
{CD), Celiac disease, Chagas disease, Chromie inflammatorv demvelinating polyneuropathy
{CIDP), Chrowme recurrent multifocal osteomyehitis {CRMO), Churg-Strauss Syndrome (CS8) or
Eosmophilic Gramdomatosis (EGPA), Cicatricial pemphigoid, Cogan’s syadrome, Cold
agglutinin discase, Congenital heart block, Coxsackie myocarditis, CREST syndrome, Crohn’s
disease, Cutaneous Lupus, Dermatitis herpetifornus, Demnatomyositis, Devic’s disease
{neuromyelitis optica}, Discoid lupus, Dressler’s syndrome, Endometriosis, Eosinophilic
csophagitis (EoE), Eosinophilic fasciitis, Ervthema nodosum, Essential mixed cryoglobulinenua,
Fvans syndrome, Fibromvalgia, Fibrosing alveolitis, Giant cell arteritis (temporal arteritis),
Giang cell myocarditis, Glomerulonephritis, Goodpasture’s syndrome, Granulomatosis with
Polyangiitis, Graves™ discase, Guillain-Barre syndrome, Hashimoto's thyroiditis, Hemolytic
ancmia, Henoch-Schonlein purpura (HSP), Herpes gestationis or peraphigoid gestationis (PG},
Hidradenitis Suppurativa (HS) (Acne Inversa), Hypoganmalglobulinemia, IgA Nephropathy,
1gG4-related sclerosing discase, Immune thrombocytopenic purpura (TP}, Inclusion body
myositis (IBM), Iterstitial cvstitis (IC), Juventle arthritis, Juvenile diabetes (Type 1 diabetes),
Juvenile myositis (M), Kawasaki disease, Lambert-Eaton syndrome, Leukocytociastic
vasculitis, Lichen planus, Lichen sclervosus, Ligneous conjunctivitis, Limear IgA disease (LAD),
Lupus, Lvme disease chronic, Mentere’s disease, Microscopic polyangutis (MPA), Mixed
connective tissue discase (MCTD), Mooren’s ulcer, Mucha-Habermann discase, Multifocal
Motor Neuropathy (MMN} or MMINCB, Multiple sclerosis, Myasthenia gravis, Myositis,
Narcolepsy, Neonatal Lupus, Neuromyelitis optica, Neutropema, Ocular cicatricial pemphigoid,
Optic neuritis, Palindromic rheumatism (PR}, PANDAS, Parancoplastic cercbellar degeneration
{PCD), Paroxysmal nocturnal hemoglobinuria (PNH), Parry Romberg syndrome, Pars planitis
{peripheral uveitis), Parsonage-Tumer syndrome, Pemphigus, Peripheral neuropathy, Perivenous
encephalomyelitis, Permicious anemia (PA), POEMS syndrome, Polyarteritis nodosa,
Polyglandular syndromes type 1, L, L Polymyalgia rtheumatica, Polymvositis, Postmyocardial
mfarction syndrome, Postpericardiotomy syndrome, Primary biliary cirrhosis, Primary sclerosing
cholangitis, Progesterone dermatitis, Psoriasis, Psonatic arthritis, Pure red cell aplasia (PRCA},
Pyoderma gangrenosum, Raynand’s phenomenon, Reactive Arthntis, Reflex sympathetic
dystroply, Relapsing polychondritis, Restless legs syndrome (RLS), Retroperitoneal fibrosis,
Rheumatic fever, Rheumatoid arthritis, Sarcoidosis, Schoudt syndrome, Sclertis, Scleroderma,
Siogren’s syadrome, Sperm & testicular autotmmunity, Stff person svndrome (SPS), Subacuic

bacterial endocarditis (SBE), Susac’s syndrome, Sympathetic ophthalnia (8O), Takayasu’s
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arteritis, Temporal artenitis/Giant cell artenitis, Thrombocytopenic purpura (TTP), Thyroid eye
disease (TED), Tolosa-Hunt syndrome (THS), Transverse myelitis, Type 1 diabetes, Ulcerative
colitis (UC), Undifferentiated connective tissue disease (UCTD), Uvettis, Vasculitis, Vitiligo,
and Vogt-Koyanagi-Harada Discase. In another aspect, the present disclosure provides a method
of treating graft versus host disease (GVHD) in a patient, comprising administering to the patient

a profein or formulation as disclosed herein.

{96711  In stll another aspect, the present disclosure provides an antibody or functional
fragment thereof comprising, according to the IMGT uwnique numbering scheme, a heavy chain
variable complementarity-determinimg region § (VHCDRI) comprising an amino acid sequence
of GGSISTSSYY (SEQ ID NOG: 77), a heavy chain vanable complementarity-determining
region 2 {(VHUDR2) comprising an aming actd sequence of FYYSGST (SEQ ID NG: 783, a
heavy chain variable complementanty-determining region 3 (VHUDR3) comprnising an amino
acid sequence of ARHRGSYFFDI (SEQ ID NGO: 79), a light chain variable complementarity-
determining region 1 (VLCDRI) comprising an amino acid sequence of DEENKN (SEQ 1D NO:
81}, a light chain vanabie complementarity-determining region 2 {(VLCDRZ) comprising an
amino acid sequence of RDN (SEQ 1D NO: 82}, and a light chain vaniable complementarity-
determuning region 3 {(VLCDR3) comprising an amino acid sequence of GQVRDSNIVY SEQ ID
NO: 83).

{0872]  In some embodiments, an antibody of the present disclosure comprises a heavy chain
variable domain comprising an amino acid sequence at least 90% deotical to SEQ 1D NG: 76,

and a light chain comprising an amino acid sequence at least 909 identical to SEQ 1D NO: 80,

{00731  In some embodiments, an antibody of the present disclosure or functional fragment
thereof comprises, according to the IMGT unique numbenng scheme, a VHCDR I comprising an
amino acid sequence of GVSIRSNGYY (SEQ ID NQ: 03}, a VHUDR?2 comprising an amino
acid sequence of MDY SGT (SEQ 1D NO: 94}, a VHCDR3 comprising an amino acid sequence
of ARERSNNWYPIDY (SEQ 1D NOG: 935), a VLCDRI comprising 3o anivo acid sequence of
SVRRFF (SEQ 1D NO: 97), a VLUDR2 comprising an aminge acid sequence of GKD (SEQ 1D
NQ: 98), and a VLCDR3 comprising an amino acid sequence of NSRDSSGYLVL (SEQ 1D NO:
99},

{0074}  In some embodiments, an antibody of the present disclosure comprises a heavy chain

variable domain comprises an aming acid sequence at feast 90% jdentical to SEQ 1D NO: 92,
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and a light chain variable domain comprises an aminge acid sequence at least 90% identical to

SEQ ID NO: 96.

{08751 In some embodiments, an antibody of the present disclosure or functional fragment
thereof comprises, according to the IMGT unique numbering scheme, a VHCDRI comprising an
amino acid seguence of GASVSSSSYY (SEQ D NO: 85), a VHCDRZ comprising an amino
acid sequence of INYGGST (SEQ 1D NO: 86), a VHCDR3S comprising an amino acid sequence
of ARHRGIYHFDY (SEQ ID NO: 87}, a VLCDRI comprising an aming acid sequence of
WNIENKN (SEQ ID NO: 89), a VLCDR?Z comprising an amino acid sequence of RDS (SEQ ID
NG: 60), and a VLCDR3 comprising an amino acid sequence of QVWDRSNTVV (SEQ ID NO:
91}

{0676]  In some embodiments, an antibody of the present disclosure comprises a heavy chain
variable domain comprising an amino acid sequence at least 90% identical to SEQ 1D NG: 84,
and the light cham variable domain (V1) comprises an amino acid sequence at least 90%

identical to SEQ ID NG: 858,

[0077]  In some embodiments, an antibody of the present disclosure or functional fragment
thereof comprises, according to the IMGT unigue numbenng scheme, a VHCDRI comprising an
amino acid sequence of GGRISSSSYY (SEQ ID NO: 101), a VHCDRZ comprising an amino
acid sequence of IGSVDYSGNT (SEQ 1D NO: 102), a VHCDR3 comprising an aming acid
sequence of ARHRGIYFFDY (SEQ ID NO: 103), a VLCDRI comprising an amino acid
sequence of NEENKN (SEQ 1D NO: 89), a VLCDR2 comprising an amino acid sequence of
RDS (SEQ 1D NO: 903, and a VLCDRS3 comprising an amino acid sequence of QYVWDENTVY
(SEQ ID NO: 91y

{0078]  In some crabodiments, an antibody of the present disclosure comprises a heavy chain
variable domain (VH) corapusing an amine acid scquence at least 90% identical to SEQ 1D NG:
100, and a hight chain variable domain (VL) comprises an amino acid sequence at least 90%

identical to SEQ ID NG: 104

{80791  In some embodiments, antibodies of the present disclosure, or functional fragments

thereof, are human IgGl antibodies.

{0080]  In another aspect, the present disclosure provides the use of an antibody as disclosed

herein or functional fragment thereof, in the preparation of a protein as disclosed herein.
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{8081}  Other embodiments and details of the disclosure are presenied herein below.
BRIEF DESCRIPTION OF THE DRAWINGS

{0682]  FiGs. 1A-1W provide schematic iHustrations of various protein designs of fusion

proteins with Ig Fo constant domains that bind CD80 and/or CD86, and OX40L. FIG. 1A isa

e

schematic illustration of an exemplary fusion protein where Extracelhular Domains {(ECDs) of
CD28 are fused to the N-terminus of an Fo domain and ECDs of OX40 are tused to the C-
terminus of the same Fe domain. FIG. 1B 15 a schematic dlustration of an exemplary fasion
protein where ECDs of OX40 are fused to the N-terminus of an Fe domain and ECDs of CD28
are fused to the C-terminus of the same Fo domain. FI1G. 1€ 1s a schematic illustration of an

10 exemplary fusion protein where ECDs of CTLA4 are fused to the N-terminus of an Fe domain
and ECDs of OX40 are fused to the C-terminus of the same Fe domain, FIG. 1D 15 a schematic
illustration of an exemplary fusion protein where ECDs of 0X40 are fused to the N-terminus of
an Fc domain and ECDs of CTLA4 are fused to the C-terminus of the same Fe domain. FIG. 1E

1s a schematic illustration of an exemplary fusion protein where ECDs of CD28 are each fused in

J—
W

tandem to the N-termini of ECDs of OX40 which are then fused to the N-termini of an Fe
domain. FIG. 1F is a schematic illustration of an exemplary fusion protein where ECDs of
CTLA4 are cach fused in tandem to the N-termind of ECDs of (0X40 which are then fused to the
N-ternunus of an Fo domam. FIG. 1G 15 a schematic fHustration of an exemplary fusion protein
where ECDs of OX40 are each fused in tandem to the N-ternuini of ECDs of CD28 which are

20 then fused to the N-terminus of an Fe domamn. FIG. 1H 15 a schematic illustration of an
exemplary fusion protein where an ECD of 0X40 is fused in tandem to the N-termimus of an
ECD of CTLA4 which 1s then fused to the N-terounus of an Fe domain. FIG. 11 is a schematic
illustration of an exemplary fusion protein where any tandem ECD combination of FiGs. 1E-1H

{labelled here as X and Y) are fused to the C-terminus of an Fe domain. FIG. 14 15 a schematic

»]
(9.1

illustration of an exemplary fusion protein where an ECD of CD28 15 fused to the N-terminus of
an Fe domain and an anti-OX40L antibody binding domain 1s fissed to the C-tenminus of the
same Fo domain. FIG. 1K is 2 schematic illustration of an exemplary fusion protein where
ECDs of CTLA4 are fused to the N~terminus of an Fc domain and anti-OX40L antibody binding
domains are fused to the Caerminus of the same Fe domain. FIG. 1L is a schematic illustration
30 of an exemplary fusion protein where an ECD of OX40 is fused to the N-terminus of an Fe
domain and anti-CD80 and anti-CD86G antibody binding domains are fused to the C-terminus of
the Fo domain. FIG. 1M 15 a schematic iHhustration of an exemplary fusion protein where anti-

OX40L antibody binding domains are fused to the N-terminus of an Fe domain and anti-CD80
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and anti-CDE6 antibody binding domains are fused to the C-terminus of the Fe domain. FIG. 1IN
is a schematic illustration of an exemplary fusion protein where anti-CDRO and anti-CD86
antibody binding domains are fused to the N-termunus of an Fo domain and anti-OX40L
antibody binding domains are fused to the C-terminus of the Fe domain. FIG. 10 is a schematic
Hlustration of an exemplary fusion protein where anti-CD30 and anti-CD86 antibody binding
domains are fused in tandem to the N-termini of anti-OX40L antibody binding domains which
are then fused to the N-terminus of an Fc domain. FIG. 1P is a schematic iHustration of an
exemplary fusion protein where anti-OX40L antibody binding domains are fused in tandem to
the N-termini of anti-CDE0 and anti-CDE6 antibody binding domains which are then fused to the
N-terminus of an Fe domain. FIG, 14 is a schematic dlustration of an exemplary fusion protein
where anti-CD80 and anti-CDR6 antibody binding domains are fused to the C-termunus of a Fe
domain and fused in tandem to the N-termint of anti-OX40L antibody binding domains. FIG.
iR s a schematic illustration of an exemplary fusion protein where anti-OX40L antibody
binding domains are fused to the C~iconunus of an Fe domain and fused 1o tandem 1o the N-
termini of anti-CD80 and anti-CDR6 antibody binding domains. FIG. 18 13 a schematic
illustration of an exemplary fusion protein where anti-OX40L antibody binding domains are
fused to the N-terminus of an Fc domain and anti-CD80 and anti-CD86 antibody binding
domains are fused to each other m tandem and to the C-terminus of the Fe domam. FIG. 1T is a
schematic ifhistration of an exemplary fusion protein where anti-CD80 and anti-CD86 antibody
binding domains are fused to sach other in tandem and to the N-terminus of an Fe domain and
anti-OX40L antibody binding domains are fused to the C-termunus of the Fe domam. FIG, 1U s
a schematic ustration of an exemplary fusion protein where anti-0X40L antibody binding
domains are fused to the N-terminus of an Fc domain and ECDs of CD28 are fused to the C-
terminus of the same Fe domain. FIG. 1V s a schematic tHustration of an exemplary fusion
protein where anti-OX40L antibody binding domains are fused to the N-terminus of an Fe
domain and ECDs of CUTLA4 are fused to the C-terminus of the same Fc domain. FIG. 1W s a
schematic iflustration of an exemplary fusion protein where ECDs of CTLA4 are fused to the N-
teominus of a variant IgG1 Fc domain having mutations that reduce Fe effector function and anti-

OX40L Fabs are fused to the C-terminus of the variant IgG1 Fe domain.

{0083]  FIG. 24 is a flow chart showing the antibody screening cascade. FIG. 2B is a flow

chart showing the candidate characterization cascade.
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{8084]  Fi{s. 3A-3C are graphs showing neutralization of OX40L by anti-OX40L m 1gG
{FIG. 34}, FcFab (FIG. 3B), and fusion protein (FIG, 3C) format using an OX40 Lucifcrase

reporier assay.

{0085]  FiG. 4 15 a graph showing neutralization of OX40L using a UTLA4 anti OX40L
fusion protein (95806, 98C01, 98E10, 84E 11, 68F03, 67B06, 97G0O7, 89B0Y, and
Ref4 CTLA4 O13), reference monoclonal anti-OX40L antibody (Refl Anti OX40L,

Ref? Anti~OX40L), or isotype control using an 0X40 Luciferase reporter assay.

{0086]  FIGs, SA-5B are graphs showing expression of proinflammatory cytokines 1E-2
{(FIG, SA) and TNFo (FIG, §8) in the presence of varying concentrations of CTLA4 anti
OX40L fusion proteins (89B09, 5TR06, 98E10, and 98CO1), reference single agents (Ref2_Anti-
OX40L, Ref3 CTLA4Ig), combination of monoclonal anti~-OX40L antibody and CTLA4-Ig

{combination}, or isotvpe control using an in vifro nuxed lymphocyte reaction (MLR) assay.

[0087]  FIGs. 6A-6B are graphs showing allo-reactive CD4"0OX40" (FIG. 6A) and
CDR™OX40" (FIG. 6B) T cell proliferation in the presence of CTLA4 anti OX40L fusion
proteins (R9B09, 67806, 98E10, and 98C01), reference single agents (Ref2 Anti-OX401,
Ref3 CTLA4Ig), combination of monocional anti-0X40L antibody and CTLA4-Ig
{combination}, or isotvpe control using a monocyte-derived dendritic cells: T cells (MDDCT)

MELK assay.

{0088]  FiG. 7 1s a graph showing i virro Treg induction levels in the presence or absence of
CTLA4 anti OX40L fusion proteins (89809, 67806, and 98C01), reference single agents
(Refl Anti-OX40L, Ref? Anti-OX40L, Ref3_CTLA4Ig), or isotype Ig(1 control {Iso) using a

Treg induction assay.

{0089]  FIG. 8 s a histogram showing Treg: Teff ratic in the presence of CTLA4 anti OX40L
tusion proteins (89809, 67B06, and 9801}, reference single agents (Ref2 Anu-0X40L,

Refd CTLA4lg), orisotype condrol using a MLR assay.

T

{9890]  FIG. 94 is a graph showing Treg: Teff ratio in the presence of varying concentrations
of CTLA4 anti GX40L fusion proteins {B9B09, 67806, and 98C01), reference single agents
{Ref? Anti-OX40L, Ref3 CTLA4Ig), combination of monoelonal anti-0X40L antibody and
CTLA4-lg (combination)}, rapamycin, voclosporin, or isotype control using a MLR Assay. FIG,
98 s a graph showing cffector T cell proliferation in the presence of CTLA4 anti OX40L fusion
protein (89B09), reference single agents (Ref2_Ant-0OX40L, Ref3 CTLA41g), combination of
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monoclonal anti-OX40L antibody and UTLA4-Ig {combination}, or isotype control using a MLR

assay.

{0091 FIGs, 18A-18C are graphs showing [Cso values of 1L-2 (FIG. 18A), TNFa (FIG.
188), and IL-6 (FIG. 18C) in the presence of CTLA4 anti OX40L fusion proteins {67806 and
&9BOY), refercnce single agents (Refl Anti-OX40L, Ref3 CTLA4Ig), or combmnation of
monoclonal anti-OX40L antibody and CTLA4-Ig {combination} using a MLR assay.

{00921 FIG. 114 18 a graph showing IL-2 concentration levels from a CDB0 and OX40L
receptor occupancy assay. FIG. 11B is a graph showing percent occupancy of human OX40L
from a CD80 and OX40L receptor occupancy assay. FIG. 11C is a graph showing percent

occupancy of human CD8O from a T80 and OX40L receptor occupancy assay.

{00931 FIG. 12 is a graph showng real~ttme tndernalization of CTLA4-Ig (Ref3 CTLA41g),
anti-0X40L (Refl Anti-O0X40L), CTLA4 anti OX40L fusion protein (67B06), IgG sotype
controls (Isotype Ctl, Isotype Gl and non-ternalizing anti-CD20 antibody by myeloid-

dertved dendritic cells (MDDCs).

{00%4]  FiGs. 13A-13D are graphs showing the effect of CTLA4 anti GX40L fusion protein
{67806}, reference single agents (Refl Anti-OX40L, Ref3 CTLA41g), or combination of
monoclonal anti-0X40L antibody and CTLA4-Ig (combination} on expression levels of
granuiocyte- macrophage colony-stinubating factor (GM-CSF} (FIG. 134), IL13 (FIG. 13B),
Granzyme B (GZMB} (FIG, 13C), and [FNy (FIG. 13D) i PBMUCs derived from systemic

erythematosus {(SLE) patients.

{0095]  FIG. 144 is a graph showing the effect of CTLA4 anti OX40L fusion proteins
{67806 and 89B(9) or isotype control on suppression of IFNy responses v a Xenogeneic Graft-
Versus-Host Disease (xeno-GVHD) murine model. FIG. 14B 15 a graph showing the effect of
CTLA4 anti OX40L fusion protein (67806}, reference single agents 67806 {IgG format),

Refd CTLAdlg, or isotvpe control on suppression of IFNy responses in a xeno-GVHD murise

model.

{0096]  FIG. 18A is a graph showing the effect of CTLA4_anti OX40L fusion proten
{(67B06}, reference monoclonal anti-OX40L antibody (Refl Anti O0X40L), or isotype control on
weight loss in a xeno-GVHD murine model. FIG, 158 1s a graph showing the cffect of

CTLA4 anti OX40L fusion protein (67B06), reference monoclonal anti-OX40L antibody
{Refl_Anti OX40L), or isotype control on IFNy production n a xeno-GVHD murine model.
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Statistical analysis {(Onc-way ANOVA} was performed on Priam Graphpad 8 ##%¥ p= <0.0001,

£ 0.0175, **%p= 0.0002),

{0097]  FIG. 16A is a graph showing the effect of CTLA4 anti OX40L fusion protein
(67806}, reference UTLA4Ig (Ref3 CTLAA4Eg), or isotype control on weight loss in a xeno-
GVHD murine model. FIG. 168 is a graph showing the cffect of CTLA4 anti OX40L fusion
protein (67806}, reference CTLA4Ig (Ref3 CTLA4Ig), or isotype control on IFNy prodaction in
a xeno-GVHD murine model. Statistical analysis (One-way ANOVA) was performed on Prism

Graphpad 8 * p= 0.0455, ¥*p= (4.0086).

{0098]  FiIG. 17A is a graph showing the effect of CTLA4 anti OX40L fusion protein
{GTB06) reference CTLA4Ig (Ref3 CTLA4Ie), Anti-OX40L (Refl_anti-OX40L), Combination
{Ref3 and Refl), or isotype control on weight loss in 3 xeno~-GVHD murine model on day 41.
FIG 178 is a graph showing the effect of CTLA4 anti OX40L fusion protein (67B06) reference
CTLA4Tg (Ref3 CTLA4IZ), Anti-OX40L (Refl _anti-0X40L), Combination (Ref3 and Refl),
ot isotype control on IFNy production in a xeno-GVHD murine model on day 41, Statistical
analysis {Une-way ANOVA}) was performed on Prism Graphpad & (¥ p= 0.0110, **p= 0.0084).
Fi1G. 17C is a graph showing effect of CTLA4 anti OX40L fusion protein (89B09) or 1sotype
control on IFNy production in a xeno-GVHD murine model on day 12, Statistical analysis

{unpaired t-test} was performed on Prism Graphpad 8 (¥* p= 0.0036).
DETAILED BESCRIPTION

{00991 The present application provides proteins that wmhibit T cell costimulatory signaling
comprismg: a polypeptide that specifically binds CD80 and/or CD86, and a polypeptide that
specifically binds OX40L. In some embodiments, the present application provides antibodies
that specifically bind OX40L. In some embodiments the application also provides therapeutic
methods for using such protoins in the treatment of autonnmune diseases. Various aspects of the
proteins descnbed in the present application are set forth below i sections: however, aspects of

the proteins described in one particular section are not to be limited to any particular section.
DEFINITIONS

{0166]  To facihiate an understanding of the present application, a namber of terms and

phrascs are defined below.
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{8181} The tonms “a” and “an” as used herein mean “one or more” and include the plural

unless the context is inappropriate.

{0102]  As used herein, the term “antigen-binding site™ refers to the part of the
immunoglobulin (Ig} molecule that participates in antigen binding. In buman antibodies,
the antigen-binding site is formed by anuno acid residues of the N-ternunal varable (V™)
domains of the heavy ("H”) and light (L") chains. Three highly divergent stretches within the V
regions of the heavy and light chaing are referred to as “hypervanable regions” which are
mterposed between more conserved flanking stretches known as “framework regions,” or “FR.”
Thus, the term “FR” refers to amino acid sequences which are naturally found between and
adjacent to hypervariable regions in immunoglobuling. In a human antibody molecule, the three
hypervariable regions of a light chain and the three hvpervariable regions of a heavy chain are
disposed relative to cach other in three-dimensional space to form an antigen-binding surface.
The antigen-binding surface is complementary to the three-dimenstonal surface of an antigen to
which the antigen-binding site specifically binds, and the three hypervariable regions of cach of
the heavy and light chains are referred to as “complementanty-~deterouning regions,” or “CDRs.”
In certain animals, such as camels and cartilaginous fish, the antigen-binding site is formed bv a
single antibody chain providing a “single domain antibody.” Antigen-binding sifes can exist in
an intact antibody, in an antigen-binding fragment of an antibody that retains the antigen-binding
surface {for example. Fab, Fab’, F(ab’)2, or in a recombinant polypeptide such as an scFv, using
a peptide linker to connect the heavy chain variable domain 1o the light chain variable domain in

a single polypeptide, a minibody, or a nanobody (VHH).

{0103]  Asused herein, the term “functional fragment thereof” refers to a portion of a protein
or polypeptide that maintains the ability to perform a biclogical function of the whole protein or
polypeptide. For example, a functional fragment of a polypeptide or protein of the present

application maintains 1ts ability to bind its cognate binding pariner or ligand.

{0104]  As used herein, the torms “subject” and “patient” refer to an organism to be treated by
the methods and compositions described herein. Such organisms preferably include, but are not
limdted to, mammals {e.g , murines, sunians, cquines, bovines, porcines, canines, felines, and the

ike), and more preferably include bumans.

{0165]  As used herein, the torm “effective amount” refers to the amount of a compound {e.g..
a protein of the present application} sufficient to offect beneficial or desired results. An effective

amount can be administered in one or more admimstrations, applications or dosages and 18 not

)
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intended to be hmuted to a particudar formulation or administration route. As used herein, the
term “treating” includes any effect, e.g., lessening, reducing, modulating, amchiorating or
climinating, that resuits in the unprovement of the condition, discase, disorder, and the like, or

ameliorating a symptor thereof,

{0166]  Asused herein, CTLAY (also known as CD52) refers to the protein of SEQ ID NO:

172 and related isoforms and orthologs.

{0107]  As used herein, OX40L (also known as TNFSF4, or CD252) refers to the protein of

SEQ ID NG 2 and related isoforms and orthologs.

{0168]  As used herein 0X40 {also known as TNFRSF4, or CDr134) refers to the protein of
SEQ 1D NO: 1 and related isoforms and orthologs.

OX40 Haman Amino Acid Sequence:

LHCVGDTYPSNDRCCHECRPGNGMVSRCSRSONTVCRPCGPGFYND

VYSSKPCKPCTWONLRSGSERKQLCTATODTVCRCRAGTQPLDSYKP
GYDCAPCPPGHFSPGDNGACKPWTNCTLAGKHTLQPASNSSDAICED
ROPPATOPQETRGPPARPITVOPTEAWPRTSQGPSTRPVEVPGGRAVA
AILGLGLVLGLLGPLAILLALYLLRRDORLPPDAHKPPGGGSFRTPIQE
BEQADAHSTLAKI (SEQ ID NO: 1)

{0169]  As used herein CD2R (also known as TP44) refers to the protein of SEQ 1D NO: 230

and related isoforms and orthologs.
D28 Amino Acid Sequence (underlined amine acids denote signal peptide):

MERLLEALNEFPSOVTONKILVRQSPMLVAYDNAVNLSCKYSYNLF
SREFRASLHKGLDSAVEVCYVYGNY SQQLOVY SKTGFNCDGKLGNE
SYTFYLONLYVNQTDIYFCKIEVMYPPPY LDNEKSNGTHHVKGKHLC
PSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFHFWVRSKRSRLLHS
DYMNMTPREPGPTRKHYQPYAPPRDFAAYRS (SEQ 1D NG: 230)

{0118]  As used hercin CDB0 (also konown as B7.1) refors to the protein of SEQ 1D NO: 3 and

related isoforms and orthologs.
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CD80 Human Amino Acid Sequence

VIHVTKEVEEVATLSCOHNVSVEELAQTRIVWOKEKEMYLTMMSGD
MMNIWPEYKNRTIFDITNNLSIVILALRPSDEGTYECVVLKYEKDAFKRE
HLAEVTLSVKADFPTPSISDFEIPTSNIRRHCSTSGGFPEPHLSWLENGE
ELNAINTTVSODPETELYAVSSKLDFNMTTNHSFMCLIKYGHLRVNG
TENWNTTKQEHFPDNLLPSWAITLISVNGIFVICCLTYCFAPRCRERRR
NERLRRESVRPY (SEQ ID NG 3}

{0131} Asused herein D86 {also known as B7 2} refers to the protein of SEQ ID NG: 4 and

related isoforms and orthologs.
Ch36 Human Amine Acid Sequence

APLKIQAYFNETADLPCQFANSQNQSLSELVVFWQDGENLVENEVYL
GKEKFDSVHSKYMGRTSFDSDSWTLRLHNLQIKDKGLYQCIHHKKY
TGMIRTHOMNSELSVLANFSQPEIVPISNITENVYINLTCSSIHGYPEPK.

KMSVLLRTKNSTIEYDGVMOQKSQDNVTELYDVSISLSVSFPDVTSNM
THCILETDKTRLLSSPFSIELEDPGPPPDHIPWITAVLPTVIHCVMVFECLE
LWKWKKEKKRPRNSYKCGTNTMEREESEQTKKREKIHIPERSDEAQR

VFKSSKTSSCBESDTCF (SEQ ID NG: 4)

{0112}  Throughout the description, where a protein 15 described as having, including, or
comprising specific components, or where processes and methods are described as having,
mcluding, or comprising specific steps, it is contemplated that, additionally, there are proteins
described in the present application that counsist essentially of or consist of the recited
components, and that there are processes and methods according fo the present application that

consist essentially of or consist of the recited processing steps.
L PROTEINS

{0113]  The present application provides proteins that specifically bind to CDR0 and CDE6
and (X401 expressed on antigen presenting cells {APCs). Binding of the proteins to
CDRH/CDE6 and GX40L inhibits T cell activation by blocking costimulatory signaling
downstream of CD2E and 0X40, respectively. The proteins of the present disclosure mclude
two arms, each arm includmg two components {(e.g., a polypeptide or a complex of two or more

polypeptides), one component which specifically binds to CD80 and/or CD86 and another

(5]
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component which specifically binds to OX40L. In some embodiments, the components that bind
to cither CDRO and/or CDR6 or OX40L can comprise a single polypeptide. In some
cmbodiments, the components that bind to either CDE0 and/or CD2E6 or OX40L can comprisc a
complex of two or more polypeptides. In some embodiments, the complex of two or more
polypeptides of the polypeptide complex may be connected by one or more than one covalent
linkage {e.g., a disulfide bond} and/or one or more than one non-covalent interaction {e.g., an

1onic or hydrophobic interaction). Further description of excraplary proteins is provided below.

{0114] A protein of the present disclosure includes the first cormponent that is a polvpeptide
or complex of two or more polypeptides that specifically binds CD80 and/or CD86, which can
include but is not limited to an extracelhilar domain of CTLA4 or functional fragment thereof.

In some embodiments, the first component can be but is not limited to an extracchular domain of
D28 or functional fragment thereof. In some embodiments, the first component can be but is
not hnuted to one or more antigen-binding site, for example, an antibody, a Fab, aFab™. a

F(ab’)2, a single-chain variable fragment {scFv), a mintbody, or a nanobody (VHH).

{0115] A protemn of the present disclosure mchudes the second component, which is a
polypeptide or complex of two or more polypeptides that specifically binds OX40L. In some
embodiments, the second component can include but 1s not linited to an antigen-binding site, for
example, an antibody, a Fab, a Fab’, a F{ab™ )2, a single-chain variable fragment {(scFv), a
minibody, or a nanobody {VHH). In some embodiments, the second component can be but is

not limited to an extracellular domain of GX40 or functional fragment thereof.

[0116]  In some embodiments, a protein of the present disclosure additionally comprises a
bridging motety, which can include but 1s not mited to: a polypeptide of an ouvnunoglobulm Fe
domain or functional fragment thereof, a human serum albumin (HSA) polypeptide or functional
fragment thereof, or a polypeptide linker. In some embodiments, the bridging moiety is a
polypeptide of an immunoglobulin Fc domain. In some embodiments, a protein of the present
disclosure further comprises a polypeptide hinge vumediately N-terminal to the polypeptide of

the immunoglobulin Fo domain or functional fragment thereof.

81177  In some embodiments, a protein of the present disclosure further comprises a hinker
polypeptide, which connects a polypeptide or complex of two or more polypeptides that
specifically binds OX40L to the bridging moeity. In some embodiments, a protein of the present
disclosure further comprises a linker polypeptide, which connects a polypeptide or complex of

two or more polvpeptides that specifically binds CDR0 and/or CD86 to the bridging moiety.
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{8118]  The proteins described herein can take various formats. For example, one protein
format comprises: {i} a first arm comprising, from N-terminus to C-terminus, a first polypeptide
or complex of two or more polypeptides that specifically binds CD8G and/or CDES, a fust
polypeptide of an immuwoglobulin Fo doman, and a first polvpeptide or complex of two or more
polypeptides that specifically binds OX40L; and (1) a second arm comprising, from N-terminas
to C-terminus, a second polypeptide or complex of two or more polypeptides that specifically
binds CD80 and/or CH86, a sccond polypeptide of the imvmunoglobulin Fo domain, and a second
polypeptide or complex of two or more polypeptides that specifically binds OX40L, wherein the
first and sccond polypeptides of the mmunoglobulin Fe-domain dimerize. In this format, first
and second polypeptides or complexes of two or more polypeptides that specifically bind CDR0
and/or CD¥86 include: an extracellular domain of D28 or functional fragment thereof (FIG, 14
and FIG 13); an extracelivlar domain of {TLA4 or functional fragment thereof {(FIG. 1C, FIG
1K, and FIG. 1'W); or wherein the first polypeptide or complex of two or more polypeptides that
specifically binds CD80 and/or CDAS is an antigen-binding site {¢.2., an antibody, a Fab, a Fab’,
a F(ab™h, a single-cham variable fragment (scFv), a minibody, or a nanobody (VHH)) that
specifically binds CD80, and the second polyvpeptide or complex of two or more polypeptides
that specifically binds CD80 and/or CD86 is an antigen-binding sute {e.g., an antibody, a Fab, a
Fab’, a F(ab ), a single-cham variable fragment (scFv}, a mimbody, or a nanobody (VHH}) that

specifically binds CD86 (FIG. 1N).

{0119]  In thus format, first and second polvpeptides or complexes of two or more
polypeptides that specifically bind OX40L inchide: an extracellular domain of O0X40 or
functional fragment thereof (FEG. 1A and FIG 1C); or an antigen-binding stie {e.g., an antibody,
aFab, a Fab’, a F(ab'}z, a single-chain vanable fragment (scFv), a minibody, or a nanobody
(VHH} (FIG. 1, FIG, 1K and FIG IN). In some embodiments, the first and second
complexes of two or more polypeptides that specifically bind OX40L comprise a Fab, wherein a
partial hinge (for example, a polypeptide having the sequence of SEQ 1D NG: 336} 15 connected
to the C-ternunus of the Fab heavy chain (HC) CHI domain and forms a disulfide bond with the

Fab light cham (LC).

{0128]  Proteins of thus format may optionally comprise a polypeptide hinge in cach of the
first and second arms connecting the C-terminus of the first or second polypeptide or complex of
two or more polypeptides that specifically binds CD80 and/or CD86 to the N-termunus of the
first or second polypeptide of the immunoglobulin Fe domain, respectively. Proteins of this

format may also optionally comprise a Hinker polypeptide in one or both of the first and/or
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second arms connecting the C-terminus of the first and/or second polypeptide of the
mmnunoglobulin Fe domain, to the N-terminus of the first and/or second polypeptide or complex

of two or more polypeptides that specifically binds OX40L, respectively.

{0121}  Another protein format comprises: (i} a first arm comprising, from N-terminus to C-
teominus, a first polypeptide or complex of two or more polypeptides that specifically binds
OX40L, a first polvpeptide of an immunoglobulin Fo domain, and a first polypeptide or complex
of two or more polypeptides that specifically binds CD80 and/or CDE6; and (i1} a sccond amm
comprising, from N-terminus to C-torminus, a second polvpeptide or complex of two or more
polypeptides that specifically binds OX40L, a second polypeptide of the mumunoglobulin Fe
domain, and a second polypeptide or complex of two or more polypeptides that specifically
binds CDR0 and/or CD84, wherein the first and second polypeptides of the immunoglobulin Fe-
domain dimerize. In thus format, first and second polypeptides or complexes of two or more
polypeptides that specifically bind OX40L inchide: an extracellular domain of X400 or
functional fragment thereof (FIG. 1B, FIG 1D, and FIG. 1L}, or an antigen-binding site {e.g.,
an antibody, a Fab, a Fab’, a F(ab")., a single-chain variable fragment (scFv}, a muubody, ora
nanobody (VHH)) (FIG. 1M, FIG. 1U, and FIG. 1V). In some embodiments, the first and
second complexes of two or more polypeptides that specifically bind OX40L comprise a Fab,
wherein a partial hinge (for example, a polypeptide having the sequence of SEQ 1D NO: 336) 1s
connected fo the C-ermunus of the Fab heavy chain (HC) CHI domain and forms a disulfide
bond with the Fab hight chain (LC). In this format, first and second polvpeptides or complexes
of two or more polypeptides that specifically bind CD80 and/or C86 mehude: an extracellular
domain of CD28 or functional fragment thereof (FIG. 1B and FIG. 1U); an extracelhular domain
of CTLA4 or functional fragment thereof (FEG. 1D and FIG. 1Y), or wherein the first
polypeptide or complex of two or more polyvpeptides that specifically binds CD80 and/or CDE6
is an antigen-binding site {e.g., an antibody, a Fab, a Fab’, a F(ab’}, a single-chain variable
fragment (scFv}, a mmnibody, or a nanobody {(VHH)) that specifically binds CD80, and the
second polypeptide or complex of two or more polypeptides that specifically binds CD80 and/or
D86 is an antigen-binding site {e.g., an antibody, a Fab, a Fab’, a F{ab™), a single-chain
variable fragment {scFv}, a minibody, or a nancbody (VHH}) that specifically binds CDR6 (FIG,
1L and FIG. IM). Proteins of this format may optionally comprise a polypeptide hinge in each
of the first and second arms connecting the C-terminus of the first or second polypeptide or
complex of two or more polypeptides that specifically binds OX40L to the N-terminus of the
first or second polypeptide of the tmmunoglobulin Fo domain, respectively. Proteins of thus
format may also optionally comprise a linker polypeptide in one or both of the first and/or
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second arms connecting the C-terminus of the first and/or second polypeptide of the
mmnunoglobulin Fe domain, to the N-terminus of the first and/or second polypeptide or complex

of two or more polypeptides that specifically binds T80 and/or CD6, respectively.

{0122] In another example, a protein format comprises: {1} a first arm comprising, from N-
teominus to C-terminus, a first polypeptide or complex of two or more polypeptides that
specifically binds CD8G and/or CD86, a first polyvpeptide or complex of two or more
polypeptides that specifically binds OX40L, and a first polypeptide of an immunoglobulin Fe
domain; and (i1} a second arm comprising, from N-terminus to C~terminus, a second polypeptide
or complex of two or more polypeptides that specifically binds CD80 and/or CD86, a second
polypeptide or complex of two or more polyvpeptides that specifically binds OX40L, and a
second polypeptide of the immunoglobulin Fo domain, wherein the first and second polypeptides
of the immunoglobulin Fe~-domam dimerize. In this format, first and second polypeptides or
complexes of two or more polypeptides that specifically bind CD80 and/or CD¥86 include: an
extracellular domain of CD28 or functional fragment thereof (F1G. 1E); an extracellular domain
of CTLA4 or functional fragment thereof (FIG. 1F); or wherein the first polypeptide or complex
of two or more polvpeptides that specifically binds CDEO and/or CDI86 15 an antigen-binding site
{e.g., an antibody, a Fab, a Fab’, a F(ab’)., a single~-chain variable fragment (scFv}, a minibody,
or a nanobody {(VHH)) that specifically binds CD80, and the second polypeptide or complex of
two or more polypeptides that specifically binds CD80 and/or CDIR6 is an antigen-binding site
{e.g., an antibody, a Fab, a Fab’, a F{ab™}, a single-chain variable fragment (scFv), a nunibody,
or a nanchody (VHH}} that specifically binds CDE6 (FIG. 18}, o this format, first and second
polvpeptides or complexes of two or more polyvpeptides that specitically bind OX40L include: an
extracellnlar domam of OX40 or functional fragment thereof (FIG. 1E and FIG 1F}); oran
antigen-binding site {e.g., an antibody, a Fab, a Fab’, a F{ab’}1, a single-chain variable fragment
{scFv}, a nunibody, or a nanobody (VHH)) (FIG. 10}, In some embodiments, the first and
second complexes of two or more polypeptides that specifically bind OX40L comprise a Fab,
wherein a partial hinge (for example, a polypeptide having the sequence of SEQ ID N{O: 336) 15
connected to the Cerminus of the Fab heavy chain (HC) CHI domain and forms a disulfide
bond with the Fab light chain (LC). Proteins of this format may optionally comprise a
polypeptide hinge in cach of the first and second arms connecting the C-tornunus of the first or
second polvpeptide or complex of two or more polypeptides that specifically binds OX40L to
the N-terminus of the first or second polypeptide of the inununoglobulin Fe domain,
respectively. Protoins of this format may also optionally comprise a linker polypeptide 10 one or
both of the first and/or second arms connecting the C-terminus of the first and/or second
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polypeptide or complex of two or more polypeptides that specifically binds CD30 and/or CD86,
to the N-terminus of the first and/or second polypeptide or complex of two or more polypeptides

that specifically binds OX40L, respectively.

{0123]  Another protein format comprises: (i} a first arm comprising, from N-terminus to C-
teominus, a first polypeptide or complex of two or more polypeptides that specifically binds
OX40L, a first polypeptide or complex of two or more polypeptides that specifically binds CD30
and/or CDE6, and a first polypeptide of an immunoglobulin Fe domain; and (i1} a second arm
comprising, from N-terminus to C-terinus, a second complex of two or more polypeptides that
specifically binds OX40L, a second polypeptide or complex of two or more polypeptides that
specifically binds CDR&0 and/or CD86, and a second polypeptide of the immunoglobulin Fo
domain, wherein the first and second polypeptides of the immunoglobulin Fe-domain dimerize.
In this format, first and second polypeptides or complexes of two or more polvpeptides that
specifically bind OX40L include: an extraceliular domain of 0X40 or functional fragment
thercof (F1G. 1G and FIG 1H); or an antigen-binding site {e.g., an antibody. a Fab, aFab’, a
F{ab’}), a single-chain variable fragment {scFv), a nunibody, or a nanobody (VHH)) (FIG. 1P).
In some embodiments, the first and second complexes of two or more polypeptides that
specifically bind OX40L comprnise a Fab, wherein a partial lunge (for example, a polypeptide
having the sequence of SEQ ID NO: 336) is connected to the C-terminus of the Fab heavy chain
(HC} CHI domain and forms a disulfide bond with the Fab light chain {(LC). Inthis format, first
and second polyvpeptides or complexes of two or more polypeptides that specifically bind CD8O
and/or CDE6 include: an extracellular domain of CD28 or functional fragment thereof (FIG.
1G); an exiracellular domain of CTLA4 or functional fragment thercof (FIG, 1H); or wherein
the first polypeptide or complex of two or more polvpeptides that specifically binds CD80 and/or
CD36 is an antigen-binding site {e.g., an antibody, a Fab, a Fab’, a F{ab™), a single-chain
variable fragment (scFv), a munibody, or a nanobody (VHH)) that spectfically binds CD80, and
the second polypeptide or comaplex of two or more polypeptides that specifically binds CDB0
and/or CD8G is an antigen-binding site {e.g , an antibody, a Fab, a Fab’, a F{ab™})z, a single-chain
variable fragment {scFv), a minibody, or a nancbody (VHH}) that specifically binds CB86 (FIG.
1P). Proteins of this format may optionally comprise a polypeptide hinge in each of the first and
second arms connecting the C-temunus of the first or second polypeptide or complex of two or
more polypeptides that specifically binds CD80 and/or UD86 to the N-terminus of the first or
second polypeptide of the mmunoglobulin Fe domain, respectively. Proteins of this format may
also optionally comprise a linker polypeptide in one or both of the first and/or second arms
connecting the C-termoinus of the first and/or second polypeptide or complex of two or more
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polypeptides that specifically binds OX40L, to the N-ternunas of the first and/or second
polypeptide or complex of two or more polypeptides that specifically binds CD8O and/or CDS6,

respectively.

{0124] In another example, a protein format comprises: {1} a first arm comprising, from N-
terminus to C-ternunus, a first polypeptide of an immumoglobulin Fo domain, a first polypeptide
or complex of two or more polvpeptides that specifically binds CD80 and/or CDR6, and a first
polypeptide or complex of two or more polypeptides that specifically binds OX40L; and (i} a
second arm comprising, from N-terminus to C-terminus, a second polypeptide of the
mmunoglobulin Fe domain, a second polypeptide or complex of two or more polypeptides that
specifically binds CD&0 and/or CDE6, and a second polvpeptide or complex of two or more
polypeptides that specifically binds OX40L, wherein the first and second polypeptides of the
immunoglobulin Fe-domain dimerize. In this format, first and second polypeptides or complexes
of two or more polypeptides that specifically bind CD80 and/or CD86 inchude: an extracellular
domain of CD28 or functional fragment thereof (FI1G. 1) an extracellular domain of CTLA4 or
functional fragment thereof, or wherein the first polypeptide or complex of two or more
polvpeptides that specifically binds CD80 and/or CD86 13 an antigen-binding site {e.g., an
antibody, a Fab, a Fab’, a F(ab™ ), a single-chain variable fragment (scFv), a minibody, or a
nanobody (VHH)) that specifically binds CD80, and the second polypeptide or complex of two
or more polypeptides that specifically binds CD80 and/or TR 1s an antigen-binding site {e.g2.,
an antibody, a Fab, a Fab’, a Fab)2, a single-cham variable fragment (scFv), a munibody, or a
nanobody (VHH)) that specifically binds UDE6 (FIG. 1Q). In this format, first and second
polvpeptides or complexes of two or more polyvpeptides that specitically bind OX40L include: an
extracellular domamn of OX40 or functional fragment thereof (FIG. 11); or an antigen-binding
site {e.g., an antibody, a Fab, a Fab’, a F(ab™}z, a single-cham variable fragment (scFv), a
mintbody, or a nanchody (VHH)} (FIG. 13}, In some embodiments, the first and second
complexes of two or more polypeptides that specifically bind OX40L comprise a Fab, wheretn a
partial hinge (for example, a polypeptide having the sequence of SEQ ID NG: 336} 1s connected
to the C-terminus of the Fab heavy chain (HC)Y CHI domain and forms a disulfide bond with the
Fab light cham (LC). Proteins of this format may optionally comprise a polypeptide hinge in
cach of the first and sccond amms N-terounal of the first or second polypeptides of the
manoghobulin Fe domain, respectively. Proteins of this format may also optionally comprise
a linker polypeptide in one or both of the first and/or second arms connecting the C-terminus of
the first and/or sccond polypeptide of the immunoglobulin Fe domain fo the N-terminus of the
first and/or second polypeptide or complex of two or more polypeptides that specifically binds
4
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D80 and/or UDE6, respectively. Proteins of this format may also optionally comprnse a linker
polypeptide in one or both of the first and/or second arms connecting the C-terminus of the first
and/or second polypeptide or complex of two or more polypeptides that specifically binds CDS0
and/or CD86, to the N-terminus of the first and/or second polypeptide or complex of two or

more polypeptides that specifically binds OX40L, respectively.

{8125]  Another protein format comprises: (1) a first arm comprising, from N-tenninus to C-
terminus, a first polypeptide of an immunoglobulin Fe domain, a first polypeptide or complex of
two or more polypeptides that specifically binds OX40L, and a first polypeptide or complex of
two or more polvpeptides that specifically binds CDR0 and/or CDE6; and (11} a second arm
comprising, from N-terminus to C-terminus, a second polvpeptide of the immunoglobulin Fo
domain, a second polypeptide or complex of two or more polypeptides that specifically binds
OX40L, and a second polypeptide or complex of two or more polypeptides that specifically
binds CD80 and/or {D86, wherein the first and second polypeptides of the immunoglobulin Fe-
domain dimerize. In this format, first and second polypeptides or complexes of two or more
polvpeptides that specifically bind OX40L include: an extracellular domain of OX40 or
functional fragment thereof (FIG. 11); or an antigen-binding site {¢.g., an antibody, a Fab, a
Fab’, a Féab ), a single-chain variable fragment {scFv}, a mimbody, or a nanobody (VHH}
(FIG, IR}, In some embodiments, the first and second complexes of two or more polypeptides
that specifically bind OX40L comprise a Fab, wherein a partial huoge (for example, a
polvpeptide having the sequence of SEQ ID NO: 336) 1s connected to the C-terminus of the Fab
heavy chain (HCY CH1 domain and forms a disulfide bond with the Fab light chain (LC}. In this
format, first and second polypeptides or complexes of two or more polypeptides that specifically
bind CD80 and/or CDE6 mclude: an extracellular domain of CD28 or functional fragment
thereof (FIG. 11); an extracclinlar domain of CTLA4 or functional fragment thereof, or wherein
the first polypeptide or complex of two or more polypeptides that specifically binds D80 and/or
CID86 15 an antigen-binding site {e.g., an antibody, a Fab, a Fab’, a F(ab™), a single-chan
variable fragment {scFv}, a minibody, or a nancbody (VHH)) that specifically binds CDE0, and
the second polypeptide or complex of two or more polypeptides that specifically binds CD&0
and/or CDE6 is an antigen-binding site {e.g . an antibody, a Fab, a Fab’, a F{ab ), a smgle-chain
variable fragment {(sc¥Fv), a auubody, or a nanchody (VHH)} that specifically binds CD86 (FIG.
iR). Proteins of this format may opticnally comprisce a polypeptide hinge in each of the first and
second arms N-terminal of the first or second polypeptide of the immunoglobulin Feo domain,
respectively. Proteins of this format may also optionally comprise a linker polypeptide 10 one or
both of the first and/or second arms connecting the C-terminus of the first and/or second
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polypeptide of the imnmumoglobulin Fe doman to the N-terminus of the first and/or second
polypeptide or complex of two or more polypeptides that specifically binds OX40L,
respectively, Proteins of this format may also optionally comprise a linker polypeptide mone or
both of the first and/or second arms connecting the C-terminus of the first and/or sccond
polypeptide or complex of two or more polyvpeptides that specifically binds OX40L, to the N-
terminus of the first and/or second polypeptide or complex of two or more polypeptides that

specifically binds CDE0 and/or CDE6, respectively.

{0126]  Another protein format comprises: (1) a first arm comprising, from N-tcominus to C-
terminus, a first polypeptide or complex of two or more polypeptides that specifically binds
OX40L, a first polypeptide of an immumoglobelin Fo domain, and a first polypeptide or complex
of two or more polypeptides that specifically binds CDR0 and CDE6; and (i) a second arm
comprising, from N-ternunus to C-terminus, a second polypeptide or complex of two or more
polypeptides that specifically binds OX40L, a second polyvpeptide of the mmmunoglobulin Fe
domain, and a second polypeptide or complex of two or more polypeptides that specifically
binds CD80 and CD86, wherein the first and second polypeptides of the inununoglobulin Fe-
domain dimerize. Tn this format, first and second polvpeptides or complexes of two or more
polypeptides that specifically bind OX40L nclude: an extracellular domain of 0X40 or
functional fragment thereof, or an antigen-binding site {¢.g., an antibody, a Fab, a Fab’, a
F(ab ), a single-chain variable fragment (scFv), a minibody, or a nanobody (VHH)) (FIG. 18).
In some embodiments, the first and second complexes of two or more polvpeptides that
specifically bind OX40L comprise a Fab, wherein a partial hinge (for example, a polypeptide
having the sequence of SEQ I NG: 336} is connected to the C-terminus of the Fab heavy chain
(HC) CHI domain and forms a disulfide bond with the Fab light chain (LC). Tn this format, first
and second polypeptides or complexes of two or more polypeptides that specifically bind CB80
and/or CD86 include: an antigen-binding site {e.g.. an antibody, a Fab, a Fab’, aF{ab' ), a
single~chain variable fragment {scFv), a mirubody, or a nanobody (VHH])) that specifically binds
CDRO connected, with or without a hinker polypeptide, to an antigen-binding site {e.g., an
antibody, a Fab, a Fab’, a Flab™ ), a single-chain vanable fragment (scFv}, a minibody, ora
nanobody (VHH)) that specifically binds CD86 (FIG. 18), or an antigen-binding site {e.g., an
antibody, a Fab, a Fab’, a F(ab™ ), a single-chain variable fragment {(scFv), a muvbody, ora
nanobody (VHH}) that specifically binds CD86 connected, with or without a linker polypeptide,
to an antigen-binding site {e.£., an antibody, a Fab, a Fab’", a F{ab ™), a single-chain vanable
fragment (scFv}, a minibody, or a nanobody (VHH)) that specifically binds CD80. Proteins of
this format may optionally comprise a polypeptide hinge in cach of the first and second arms
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connecting the C-terminus of the first or second polvpeptide or complex of two or more
polypeptides that specifically binds OX40L to the N-terminus of the first or second polypeptide
of the vamunoglobulin Fe domain, respectively. Proteins of this format may also optionally
comprise a linker polyvpeptide in one or both of the first and/or second arms connecting the C-
terminus of the first and/or second polypeptide of the immunoglobulin Fe domain, to the N-
terminus of the first and/or second polypeptide or complex of two or more polypeptides that

specifically binds CDE0 and/or CDE6, respectively.

{0127 Another protein format comprises: (1) a first arm comprising, from N-tcominus to C-
terminus, a first polypeptide or complex of two or more polypeptides that specifically binds
CD30 and CD86, a first polypeptide of an mmummoglobulin Fe domain, and a first polvpeptide or
complex of two or more polypeptides that specifically binds GX40L; and (1) a second arm
comprising, from N-ternunus to C-terminus, a second polypeptide or complex of two or more
polvpeptides that specifically binds CD80 and CD86, a second polypeptide of the
immunoglobulin Fo domain, and a second polypeptide or complex of two or more polypeptides
that specifically binds OX40L, wherein the first and second polypeptides of the immunoglobulin
Fe-domaim dimerize. In this format, first and second polypeptides or complexes of two or more
polypeptides that specifically bind OX40L nclude: an extracellular domain of 0X40 or
functional fragment thereof, or an antigen-binding site {¢.g., an antibody, a Fab, a Fab’, a
F(ab ), a single-chain variable fragment (scFv), a mimibody, or a nanobody (VHH)) (FIG. 1T).
In some embodiments, the first and second complexes of two or more polvpeptides that
specifically bind OX40L comprise a Fab, wherein a partial hinge (for example, a polypeptide
having the sequence of SEQ I NG: 336} is connected to the C-terminus of the Fab heavy chain
(HC) CHI domain and forms a disulfide bond with the Fab light chain (LC). Tn this format, first
and second polypeptides or polypeptide complexes that specifically bind CD80 and/or D86
include: an antigen-binding site {¢.g.. an antibody, a Fab, a Fab’, a F{ab ). a single-chain
variable fragment (scFv}, a mintbody, or a nanobody (VHH)) that specifically binds CD80
connected, with or without a inker polypeptide, to an antigen-binding site {e.g., an antibody, a
Fab, a Faby’, a F{ab™), a single-chain variable fragment (scFv), a mintbody, or a nancbody
{VHH)) that specifically binds CD86 (FIG. 1T), or an antigen-binding site {e.g., an antibody, 2
Fab, a Fab’, a F(ab), a single-chain variable fragment (scFv), a minibody, or a nanobody
{VHH})} that specifically binds CD86 connected, with or without a linker polypeptide, to an
antigen-binding site {e.g., an antibody, a Fab, a Fab’, a F(ab’ )2, a single-chain variable fragment
{scFv}, a minitbody, or a nanobody (VHH}) that specifically binds CDE0. Proteins of this format
may optionally comprise a polypeptide hinge in cach of the first and sccond arms connecting the
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C-terminus of the first or second polypeptide or complex of two or more polypeptides that
specifically binds CD80 and/or CD86 to the N-terminus of the first or second polypeptide of the
mumunoglobulin Fo domain, respectively. Proteins of this format may also optionally comprise
a linker polypeptide in one or both of the first and/or second armms connecting the C-terminus of
the first and/or second polvpeptide of the immunoglobulin Fe domain, to the N-terminus of the
first and/or second polypeptide or complex of two or more polypeptides that specifically binds
OX40L, respectively. In some embodiments, a first and/or second polypeptide may be a single
polypeptide chamn. In some embodiments, a first and/or second polypeptide may be a complex

of two or more polypeptide chains.
{0128]  Individual components of the proteins are described in more detail below.

A Polypeptides or Complexes of Two or More Polypeptides that Specifically Bind CD86
and/or CD86

{0129]  Polypeptides of complexes of two or more polypeptides that specifically bind CD80
and/or CD86 on the surface of antigen presenting cells {APCs), such as B cells, monocytes,
macrophages and dendritic cells, black binding of endogenous CDE0 and/or CDEG 1o CD28 on
the surface of T cells. By preventing the interaction between CD80/CDE6 and CD28,
polypeptides that specifically bind CDE0 and/or CDE6 can inhibit T cell costimulatory receptor
signaling, resulting in decreased T cell activation, proliferation and induction of an ancrgic,

mmanosuppressive, tolerogenie T cell response.

[0136]  Asused herein, a polypeptide or complex of two or more polvpeptides that
specifically binds CDE0 and/or CD86 1s a polypeptide or complex of two or more polypeptides
that binds to a protein having a sequence of SEQ ID NO: 3 and related isoforms and orthologs

and/or a protein having a sequence of SEQ 1D NO: 4 and related 1soforms and orthologs.

{0131]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds CDE0 and/or CDRS include, but ts not lnuted to, a CTLA4 extracellular
domain or functional fragment thereof, an antibody, a Fab, a Fab’, a F(ab™), a single-chain

variable fragment {scFv), a minibody, or a nangsbody (VHH}.

{0132] For cxample, in some embodiments, a polypeptide that specifically binds UD80 and/or
CD86 is an extracellular domain of CTLA4 or functional fragment thereof. In some
embodiments, the extracellular domain of CTLA4 can comprise a sequence derved from a
wildtype sequence of human CTLA4 {e.g., Genbank Accession number NP_(05205}.
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Alternatively, the CTLA4 polypeptide sequence may be a variant CTLA4 sequence as deseribed
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in Larsen ef al. Am J Transplont. 2005 Mar 5(3y.443-53 .. Xu ef al. J Immunol. 2012 Nov

1 189(9Y:4470-7 ;, Bernett er al., MAbs. 2013 May-Jun;3(3):384-96 ; Oshima er ol Protein Eng
Des Sel 2016 May:29(5):159-67 . Douthwaite ef ol J Immumol 2017 Jan 1.198(1):528-537.

Erratom 1o J Immunol. 2017 Sep 1,199(5):1943. For example, 3 CTLA4 sequence may

comprise one or more muation selected from mutations at positions 16, 24, 25, 27, 28, 29, 30,

32,49, 50, 51, 53, 54, 55, 56, 58, 61, 64, 65, 70, 80, 85, 93, 96, and 104 (numbering relative to

SEQ ID NO: 174).

[0133]

invention may comprise an amino acid sequence selected from any wildtype or variant sequence,

Polvpeptides that specifically bind CD80 and/or CD86 polypeptides of the present

or functional fragment thereof, listed in TABLE 1.

[0134]

TABLE 1: Wildtype and Variant CTLA4 Sequences

DESCRIPTION

SEQUENCE

Full unprocessed buman
CTLA4 (Genbank
Aceession numaber

NP _0035205) (underlined
amino acids denote signal
peptide as per RefSeq
annotation)

MACLGFORHKAQLNLEATRTWPCTLLFFLLFIPVECKAMH
VAQPAVVLASSRGIASFVCEYASPGKATEVRYVTVLRQADS
QVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIOG
LRAMDTGLYICKVELMYPPPYYLGIGNGTOIY VIDPEPCP
DSDFLLWILAAVSSGLFFYSFLLTAVSLSKMEKKRSPLTTG
VYVEMPPTEPECEKQFQPYFIPIN (SEQ 1D NO: 172)

Human CTLA4
{Fxtracellular domain
amino acid residues 36-
1613

KAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVIVL
ROADSQYTEVCAATY MMGNELTFLDDSICTGTSSGNQYN
LTIQGLRAMDTGLY ICKVELMY PPPY YLGIGNGTQIY VIDP
EPCPDSD (SEQ 1D NO: 29)

Huoman CTLA4
{Extracethiar domain
amino acid residues 37-
161y

AMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTIVLR
QADSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNL
TIGGLRAMDTOLYICKVELMYPPPYYLGIGNGTQIYVIDPE
PCPDSD (SEQ ID NG 173

Human CTLA4
(Extracellolar domain
amino acid residues 38-
161)

MHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRG
ADSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTI
QGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIY VIDPEP
CPDSD (SEQ ID NO: 174)

CTLA4 Vartant 1

Yarseneral AmJ
Transplant. 2005
Mar;$(3).443-53.

MHVAQPAVVLASSRGIASFVCEYASPGKYTEVRVTVLRQ
ADSQVTEVCAATYMMONELTFLDDSICTGTSSGNQVNLTT
QGLRAMDTGLYICKVELMYPPPYYEGIGNGTQIY VIDPEP
CPDSD (SEQ ID NG: 119)
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[A20Y, L104E]

CTLA4 Vanant 2

Xu er al. J hnmunol,
2012 Nov 1;189(9).4470-
7.

IK28H, AZ9H, A29K,
A29T, A2OW, A29Y,
T3IN, T51Y, L8,

K93M, K93, L.96K]

MHVAQPAVVLASSRGIASFVCEYASPGEX( TEVRVTVLRO
ADSQVTEVCAAXLYMMGNEGTFLDDSICTGTSSGNQVNL

TIOGLRAMDTGLY ICXVEKMY PPPY Y LGIGNGTQIY VIDP
HEPCPDSD

wheremn X3 is HOK, T, W, or Y,

XzisNorY; and

XsisMorQQ

(SEQIDNO: 215)

CTLA4 Vanant 3

Bernett ef gl , MAbs.
2013 May-hm:5(3):384-
96.

[A29H, A29K, A29W,
A29Y, AdOF. TSIN,
M33Y, L61D, L61E,

MHVAQPAVVLASSRGIASFVCEYASPGR X TEVRVIVLRG
ADSQVTEVCFANY YMONELTFZDODSICTGTSSGNOVNLT
IQGLRAMDTGLYICQVELMYPPPY YEGIGNGTQIY VIDPEP
CPDSD

wherein Xy is H, K, W, or Y and

XrisDorE

Oshima ef af. Profein
Eng Des Sel 2016
May;29(5):159-67,

[A24E. T30N, V321,
ASOM, M54K, G35E,
N36D, $64P, 1655, §
L104E]

K93Q, L104E] (SEQ ID NO: 233)
CTLA4 Variant 4 MHYAQPAVYVLASSRGIASFVCEYESPGKANEIRVTIVLEQ

TOF,

ADSQOVTEVCAMTYMKEDELTFLDDPSCTGTESGNGVNL
TIQGLRAMDTGLYICKVELMY PPPYYEGIGNGTQIY VIDPE
PCPDSD (SEQ ID NO: 234)

CTLA4 Vartant 5

Douthwaite ef ol J
Tmmunol 2017 Jan
1, 198(1):528-537.

S25N, G278, M54K,
L3SSA, LSSG, STOA,
G8OR, M83Q, M83S,
K930}

[fi6R, [16V 1165, A24T,

MHVAQPAVVLASSRGXASFVCEYTNPSKATEVRVTVLR
QADSOVTEVCAATYMEGNEX TFLDDSICTGTASGNQVN
LTIRGLRAXDTGLYICQVELMYPPPYYLGIGNGTQIYVID
FERPCPDSD

wherein Xiis Ror 'V,

X8 A orG; and

X:isQorS
{SEQ ID NG: 235)
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{8135]  In some cmbodiments, a polypeptide that specifically binds CDB0 and/or CDB6 is an
extracellular domain of CTLA4 or functional fragment thereof comprising an amino acid

sequence at least 90% {e.g., at least 91%, at least 92%. at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or 100%) identical 1o a sequence histed in

TABLE 1.

{8136] In some cmbodiments, a polypeptide that specifically binds CD80 and/or CDB6

comprises an extraceliular domain of CD28 (SEQ 1D NO: 236} or functional fragment thereof.
P28 (Underlining denotes the signal peptide sequence}

MLRLLLAENLEPSIOVTIGNKILVEQSPMLVAYDNAVNLSWKHLCPSP
LEPGPSKPFWVLVYVOGVLACYSLLVTVAFIFWVRSKRSRLLHSDY
MNMTPRRPGPTRKHYQPYAPPRDFAAYRS (SEQ ID NO: 236)

{0137]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds CDE0 and/or CDES comprises an antibody, a Fab, a Fab’, a F(ab™), a single-

chain variable fragment (scFv), a minibody, and a nancbody (VHH}.

{0138]  In some embodiments of proteins of the present invention, polypeptides or heavy
chains of complexes of two or more polypeptides that specifically bind CD&0 and/or CDE6 can
be connected to a polypeptide or heavy chain of a complex of two or more polypeptides that
specifically binds OX40L (for example. a polypeptide comprising an amino acid sequence listed
in TABLE 3) to form a contiguous polypeptide chain. In some embodiments of proteins of the
present mvention, polypeptides or complexes of two or more polypeptides that specifically bind
CD80 and/or CD2R6 are connected to a polypeptide or complex of two or more polypeptides that
specifically binds OX40L via a bridging moiety (for example, a polypeptide comprising an
amino acid sequence listed in TABLE 4), wherein the bridging moicty connects the C-terminus
of the polypeptide or heavy chain of a complex of two or more polypeptides that specifically
binds CD89 and/or CD86 to the N-termunus of the polypeptide or heavy chain of a complex of
two or more polypeptides that specifically binds OX40L to form a contiguous polypeptide chain.
In some embodiments, polypeptides or heavy chains of complexes of two or more polvpeptides
that specifically bind CD80 and/or CD86 are connected to the bridging moicty via a hinge
polvpeptide (for example, a polypeptide comprising an anuno acid sequence listed in TABLE
8}, wherein the hinge polypeptide connects the C-terminus of the polypeptide or heavy chain of
the complex of two or more polypeptides that specifically binds CD80 and/or CD86 to the N-

ternunus of the bridging moiety to forr a contiguous polypeptide cham.
48



i0

[
(v

WO 2022/261079 PCT/US2022/032482

LB Polypeptides or Complexes of Two or More Polypeptides that Specificafly Bind QX461

{01391  Polypeptides or complexes of two or more poylpeptides that specifically bind OX40L
on the surface of antigen presenting celis (APCs), such as B cells, monocvtes, macrophages and
dendritic cells, block binding to endogenous OX40 on the surface of T cells. By proventing the

interaction between OX40L and OX40, polvpeptides that specifically bind OX40L can inhabit T
cell costimulatory receptor signaling, resulting in decreased T cell activation, proliferation and

mduction of an anergic, immunosuppressive, tolerogenic T cell rosponse.

{0148]  As used herein, a polypeptide or complex of two or more polypeptides that
specifically binds OX40L is a polypeptide that binds to a protein of Genbank Accession No.
NP 003317 (SEQ ID NGO: 2) and related isoforms and orthologs.

QX401 (underlining denotes transmembrane region, bold denotes posttion |

of the extracellular domain)

MERVOPLEENVONAARPRFERNKLLEVASVIOGLGLLLCEFTYICLHES
ALQVSHRYPRIGSIKVOFTEYKKEKGFILTSQGKEDEIMEKVONNSVIING
DGFYLISLKGYFSQEVNISLHYQKDEEPLFQLKKVRSVNSLMVASLTY
KDKVYLNVITDNTSLDDFHVNGGELILIHONPGEFCVL (SEQ 1D NG:

2

{0141}  In some embodunents, a polypeptide or complex of two or more polypeptides that
specifically binds OX40L as described herein binds to posttion 17, 18, 19, 20, 21, 23, 26, 28, 60,
&3, 11, 111, 112, 113 and 114 of the extracellular domain of human OX40L. In other
embodiments, a polypeptide or complex of two or more polypeptides that specifically binds
OX40L as described hercin binds to postiion 58, 59, 60, 61, 62, 63, 81, 82, and 83 of the
extracellular domain of human OX40L. In some embodiments, a polypeptide or complex of two
or more polypeptides that specifically binds OX40L binds position 60 and/or 83 of the

extracellular domain of human OX40L.

{0142]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds OX40L. include, but 1s not imtted to: an antigen-binding stte, for example an
antibody, a Fab, a Fab’, a F(ab™):, a single-chain variable fragment (scFv), a mintbody, or a

nancbody (VHH); or an extracelhular domain of OX40 or functional fragment thercof.
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{8143] In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds OX40L comprises an antigen-binding site. In certain embodiments, the
antigen-binding site is a Fab. TABLE 2 lists consensus heavy cham variable domain {VH) and
light chain vanable domain (VL) complementarity-determining regions (CDRs) that, in
combination, can specifically bind to OX40L. In some embodiments, the heavy chain variable
domain and the light chain variable domain are arranged in Fab format having VH and VL CDR
sequences selected from the conscnsus VH and VL sequences in TABLE 2. In some
embodiments, a partial hinge {for exampie, a polypeptide having the sequence of SEQ ID NO:
336} is connected to the U-terminus of the Fab heavy chain (HC) CHI domain and forms a

disuifide bond with the Fab hight chain {(LC).

{0144]  Unless indicated otherwise, the CDR sequences provided m TABLE 2 are deternuned

under the IMGT unique numberning scheme.

{0145] TABLE 2: VHCDR and VLUDR seguences for antigen-binding sites that
specifically bind OX40L

Consensus Seguences
Heavy Chain Light Chain
CDRI
GXiSXaXsXaSXsYY XTENKN
whereimn X118 A, G, or 'V, wherein X1is Nor D
XaisV, orl, (SEQ 1D NG: 226)
Xiis SorR,
X418 8, or T, and
Xsi8 8, 0r G

(SEQ ID NO: 222)

wherein X1is V or L,
XzisRorN,
XsisForY, and
XetsForyY
(SEQID NG: 227
CDR2Z
BOYXeGST | RDN
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wherein X118 Y, or N, and
Xzi8 8, o1 G,
{(SEQ ID NQG: 223)

{(SEQ ID NQG: 82)

X:DYSGT
wherein X5 For M, and

(SEQ ID NO: 224)

GKD

(SEQ 1D NO: 228)

IGSVDYSGX;T
wherein Xiis N, A, or §
(SEGQ IDNO: 225)

RDS

(SEQ TD NO: 90)

CDBRS

ARHRGX( Y XFDXy
wherein X118 S or [
XzisForH, and
XsislorY

(SEQ ID NG: 220)

QVXIDSXXsVY
wherein X1is Ror' W,
XzisN, T, or A, and
Xzis LT or A and
{(SEQIDNG: 23D

ARERSX ZOWYPXsDY
wherein Xiis N or S,
Xis N, DL Gor S, and
XsislorF

(SEQIDNG: 221

NSRDSSGYX VX
wherein X1 is L or H, and

XoisLorV

(SEQID NO: 232)

In certain embodiments, the antigen-binding sife that specifically binds to (0X40L

comprises an aming acid sequence selected from the conscusus sequence of SEQ 1D NG: 220 or

SEQ D NO: 221,

{01471 In some erabodiments, the antigen-binding site that specifically binds to OX40L
comprises; a heavy chain variable complementanty-determining region | {VHCDRD
comprising an aminoe acid sequence of SEQ ID NG: 222; a heavy chain variable
complementarity-determining region 2 (VHCDRZ) comprising an amino acid sequence of SEQ
D NG: 223, SEQ ID NG 224, or SEQ 1D NO: 223); and a heavy chain variable
complementarity-determining region 3 (VHCDR3) comprising an amino acid sequence of: SEGQ

IDNO: 220 or SEQ ID NOG: 221

{0148]  In some embodiments, the antigen-binding site that specifically binds to OX40L

comprises: a light chain variable complementarity-deternmining region 1 (VLCDRI) comprising
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an amino acid sequence of SEQ 1D NO: 226 or SEQ 1D NG: 227, a ight chain variable
complementarity-determining region 2 {VLCDRZ) comprising an amino acid sequence of SEQ
1D NO: 82, SEQ ID NG: 228 or SEQ ID NO: 90; and a light chain varniable complernentarity-
determining region 3 (VLCDR3) comprising an amino acid sequence of SEQ ID NG: 231 or
SEQ ID NG: 232,

{0149]  In some cmbodiments, the antigen-binding sife that specifically binds to (X40L
comprises: a VHCDRI comprising an amine acid sequence of SEQ 1D NG: 222; a VHCDR2
comprising an amino acid sequence of SEQ ID NG 223; a VHCDR3 comprising an amino acid
sequence of SEQ ID NO: 220; a VLCDRI comprising an ammo acid sequence of SEQ 1D N
226, a VLCDRZ comprising an amino acid sequence of SEQ ID NG 82; and a VLCDR3

comprising an amino acid sequence of SEQ ID NG: 231,

{0150]  In some embodiments, the antigen-binding site that specifically binds to OX40L
comaprises: a VHCDRI comprising an amine acid sequence of SEQ 1D NG: 222; a VHCDR2
comprising an amino acid sequence of SEQ 1D NO: 224, a VHCDR3 comprising an amino acid
sequence of SEQ ID NO: 221; a VLCDRI comprising an amino acid sequence of SEQ ID N(n
227, a VLCDR2 comprising an amino acid sequence of SEQ 1D NG: 228; and a VLCDR3

comprising an amino acid sequence of SEQ 1D NG: 232,

{9151}  In somc ermbodiments, the antigen-binding stte that specifically binds to OX40L
comprises, according to the IMGT umigue numbenng scheme, VHCDR, VHCDR2, VHCDR3,
VLCDRI, VLCBR2, and VLUDR3 each comprising an amine acid sequence corresponding (o
the VHUDRI, VHCDR2, VHCDR3, VECDRI, VLCDRZ, and VLCDR3 sequences of a
VHCDR and VLCDR consensus sequences of TABLE 2, respectively.

{0152]  In some crabodiments, a polypeptide or complex of two or more polypeptides that
specifically binds OX40L comprises an antigen-binding site. In certain embodiments, the
antigen-binding site is a Fab., TABLE 3 lists polypeptide sequences of heavy chain variable
domains {VH) and light chain vanable domains {VL} that, in combination, can specifically bind
1o OX40L. In some embodiments, the heavy chain variable domain and the light chain vanable
domain are arranged n Fab format having VH and VL sequences selected from the VH and VL
sequences in TABLE 3. TABLE 3 additionally lists polypeptide sequences of heavy chains
{HC) and light chains {LC) that, in combination, can specifically bind to OX40L. In some
cmbodiments, the heavy chain and the light chams are arranged in Fab format having HC and

L sequences selected from the HC and LC sequences in TABLE 3.
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Unless indicated otherwise, the CDR sequences provided 1n TABLE 3 are detormined

under the IMGT unigue numberning scheme.

[0154]

TABLE 3: VH/VL and HO/LC sequences for antigen-binding sites that

specifically bind OX40L

{Clone

Amino Acid Sequence

67B06

Heavy Chain

QLOLOQESGPGLVKPSETLSLTCSVSGGSISTSSY YWOGWIRQPPGKGLEW
SGSIYYSGSTYYRPSLOGRATISVDTSKNQFSLKLTSVTAADTAVYYCA
RHRGSYFFDIWGLGTLVTVSSASTRGPSVEPLAPSSKSTSGGTAALGCL
VEDYIPEPVTVSWNSGALTSGVHTFPAVLOSSGLY SLESVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLF
PPEPKDTLMISRTPEVTICVVVDVSHEDPEVKINWY VDGVEVHNAKTK
PREEGYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLY SKETVBKSRWQOQGNVFSCSVMHEALH
NHYTQKSLSLSPGK (SEQ ID NO: 8)

Light Chain

SYELTQPLSVSVALGQTARMTCGGSDIENKNVHWY QQKPGOAPVLVI
HRDNNRPSGIPERFSGSNSGNTATLUTISRAQAGDEADYYCQVRDSNIV
VEGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAV
TVAWKADSSPVKAGVETTTPSKOSNNKY AASSYLSLTPEQWKSHKSY
SCOQVTHEGSTVEKTVAPTECS (SEQ ID NOG: 7)

Heavy Chain Variable Domain (VH) | Light Chain Variable Domain (VL)

QLOLQESGPGLVKPSETLSLTCS
VSGGSISTSSYYWGWIRQPPGKG
LEWSGSIY YSGSTYYRPSLOGRA
TISVDTSKNQFSLKLTSVTAADT
AVYYCARHRGSYFFDIWGLGTL
VTVSS (SEQ ID NO: 76)

CDRI - GGSISTSSYY (SEQ ID
NO: 77)

CDRZ - IYYSGST(SEQ 1D NO: 78)

CDR3 - ARHRGSYFFDI (SEQ ID
NO: 79)

SYELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGQAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVL (SEQ ID NO-
20)

CDR1 - DIENKN (SEQ 1D NO: §1)
CDR2 - RDN (SEQ 1D NO: 82)

CDR3 - QVRDSNIVV (SEQ ID NO:
33)

Q8E10

Heavy Chain

QLOLOESGPGLVKPSETLSLTCTVAQGASYSSSSYYWOWIRQSPGKGLE
WIGTINYGGSTYHNPSLKRRVTVSVDTSENQFSLKLTSVTAADTAVYY
CARHRGIYHFDYWGOGTLVTVSSASTKGPSVEPLAPSSKESTSGGTAAL
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Amino Acid Sequence

GCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHODWLNGRKEYKCKVSNKALPAPIE
KTISKAKGOPREPOVYTLPPSREEMTKNGQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDESRWQOQONVESCSVM
HEALANHYTOKSLSLSPGK (SEQ D NO: 14)

Light Chain

SYELTQPLSVSVALGQTARITCGONMNIENKNVHWY QOMPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTATLTINRAQAGDEADYYCQVWDSNTY
VEGGOTKVTVLGPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGA
VIVAWKADSSPVKAGVETTTPSKOSNNKY AASSYLSLTPEQWKSHKS
YSCOVTHEGSTVEKTVAPTECS (SEQIDNG: 13)

Heavy Chain Variable Doman (VH)

OLOLQESGPGLYKPSETLSLTCT
VAGASVSSSSYYWGWIRQSPGK
GLEWIGTINYGGSTYHNPSLKRR
VTVSVDTSKNQFSLKLTSVTAAD
TAVYYCARHRGIVHEDYWGQGT
LVTVSS (SEQ 1D NO: 84)

CDRI - GASVSSSSYY (SEQ ID

Light Chain Variable Domain (VL}

SYELTQPLSVSVALGQTARITCGG
NNIENKNVHWYQOMPGOAPVLV
IYRDSNRPSGIPERFSGSNSGNTAT
LTINRAQAGDEADYYCQVWDSN
TVVFGGGTKVTVL (SEQ 1D NO-
88)

CDRI - NIENKN (SEQ ID NG: 89)

N §3)
CDR2 — RDS (SEQ 1D NO: 903
CDR2 - INYGGST (SEQ 1D NO:
263 CDR3 - QVWDSNTVV (SEQ ID
' NO: 91

CDR3 - ARHRGIYHFDY (SEQ 1D
NG 87)

80819

Heavy Chain

EVQLVESGPGLVKPSETLSLTCTVSGVSIRSNGYYWGOWIRQSPGRGLE
WIGNMDYSGTYQNPSLTSRVTISGDASKNQFSLKLRSVTAADTAVYFC
ARERSNNWYPIDYWGOQGTLYTVSSASTKGPSVEPLAPSSKSTSGGTAA
LOCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLGSSGLY SLSSVVTVP
SSSLOGTQTYICNVNHKPSNTKVDKRVEPKSUDKTHTCPPCPAPELLGGP
SVELFPPRPKDTLMISRTPEVTICVVVDVSHEDPEVKINWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYEKCEKVSNKALPAPI
EKTISKAKGQPREPQVYTLPPSREEMTKNGQVSLTCLVEGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSY
MHEALHNHYTOKSLSLSPGK (SEQ 1D NO: 16}

Light Chain

SSELTQDPAVSVALGQTVRITCQGDSVRRFFAHWY QOKPGOQAPILVIS
GKDTRPSGIPDRFSGSISGNTASLTITGAQAEDEADYYCNSRDSSGYLV
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Cione Amine Acid Sequence
LFGGGTKLTVLGOQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAY
TVAWKADSSPVKAGVETTTPSKOSNNKY AASSYLSLTPEQWKSHKSY
SCOQVTHEGSTVEKTVAPTECS (SEQ ID NO: 15)

Heavy Chain Variable Domain (VH} | Light Chain Variable Domain (VL)
EVQLVESGPGLVKPSETLSLTCT | SSELTQDPAVESVALGQTVRITCQG
VOGYSIRSNGYYWGOGWIRQSPGK | DSYRRFFAHWYQOKPGQAPILVIS
GLEWIGNMDYSGTYONPSLTSR | GKDTRPSGIPDRFSGSISGNTASLT
VTISGDASKNQFSLKLRSVYVTAAD | ITGAQAEDEADYYCNSRDSSGYL
TAVYFCARERSNNWYPIBYWGQ | VEFGGGTKLTVL (SEQ IDNO: 96)
OTLVTVSS (SEQ 1D NG: 92)
CDR1 -~ SVRRFF (SEQ ID NO: 97)
CDRI - GVSIRSNGYY (SEQ ID
N©O: 93) CDR2 - GKD (SEQ TD NO: 98)
CDR2 - MDYSGT (SEQ ID NG: 94) | CDR3 - NSRDSSGYLVL (SEQ ID
NG 99)
CDR3 - ARERSNNWYPIDY (SEQ
IDNG: 95)
a3Co1 Heavy Chain

QVQLGESGPGLVKPSETLSLTCTVSGGSISSSSYYWOWIRQPPGKGLE
WIGGIGSVDYSONTYYKPSLKSRVTISVDTSKNQFSLKLSSVTAADTAY
YHCARHRGIVFFDYWGQOGTLVTVSSASTEGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTV
PSSSLGTOTYICNVNHKPSNTKVDEKRVEPKSCDRTHTCPPCPAPELLGG
PSYFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHODWENGKEYKCKVSNKALPAPE
EKTISKAKGQPREPOQVYTLPPSREEMTKNGQVSLTCLVKGFYPSDIAVE
WESNGQOPENNYKTTPPVLDSDGSFFLY SKLTVDESRWQQGNVFRCSY
MHEALHNHYTQRSLSLSPGK (SEQ ID NO: 18)

Light Chain

SYELTQPPSVSVALGQTARITCGGNNIENKNVHWY QQKPGQAPVLVIY
RDSNEPSGIPERFSGENSGNTATLSINRAQAGDEADYYCQVWDSNTVY
FOGOOGTKLTYLGOPKAAPSVTLEFPPSSEELQANKATLVCLISDEYPGAVT
VAWKADSSPVEKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSHKSYS
CQVTHEGSTVEKTVAPTECS (SEQ ID NO: 17}

Heavy Chain Variable Domain {(VH) | Light Chain Variable Domain (VL)

QVOLQESGPGLVEPSETLSLTCT | SYELTOQPPSVSVALGQTARITCGG

VSGGSISSSSYYWOWIRQPPGKG
LEWIGGIGSVDYSGNTYYRPSLK
SRVTISVDTSKNQFSLKLSSVTAA
DTAVYHCARHRGIYFFRYWGQG
TLVTVSS (SEQ 1D NG: 100)

NNIENKNVHWYQQKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LSINRAQAGBEADYYCQVWESN
TVVFGGOTKLTVLE (SEQ ID NO:
104}
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Amino Acid Sequence

CDRI - GGSISSSSYY (SEQ ID
NO: 101

CDR1 - NIENKN (SEQ ID NO: 89)

CDR2 - RDS (SEQ ID NO: 90)
CDR2 - IGSVDYSGNT (SEQ 1D
NO: 102) CDR3 - QVWDSNTVV (SEQ ID
‘ NO: 91)
CDR3 - ARHRGIYFFDY (SEQ ID
NO: 103)

97607

Heavy Chain

QLOLGESGPGLVKPSETLSLTCTVSGGSISSSSYYWOWIRQPPGKGLEW
IGGIGSVDYSOGNTYYKPSLKSRVTISVDTSKNQFSLKLASTVTAADTAVY
HCARHRGIVFFDYWGQGTLVIVASASTKGPSVFPLAPSSKSTSGGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTIVP
SSSLGTQTYICNVNHKPSNTRVDKRVEPKSCDKTHTCPPCPAPELLGGP
SYFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQGYNSTYRVVSYVLTVLHOQDWLNGKEYKCKVSNKALPAPL
EKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSY
MHEALHNHYTQKSLSLSPGK (SEQ I NO: 6)

Light Chain

YYELTOPLSVSVALGOTARIPCGONNIENENVHWY QOKPGQAPVLVIY
RDSNRPSGIPERFSGSNSGNTATLSINRAQGAGDEADYYCOVWDSNTVIF
GGGTKVTIVLGOPKAAPSVTLFPPSSEELOANKATLVCLISDFYPGAVT
VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWESHKSYS
COVTHEGSTVEKTVAPTECS (SEQ ID NO: 5)

Heavy Chain Variable Domain (VH}

QLOLQESGPGLYKPSETLSLTCT
VSGGSISSSSY Y WGWIRQPPGKG
LEWIGGIGSYDYSGNTYYKPSLK
SRVTISVDTSKNQFSLKLSTVTAA
DTAVYHCARHRGIYFFDYWGQG
TLVTVSS (SEQ ID NO: 108)

CDR1 - GGSISSSSYY (SEQ ID
NO: 109)

CDR2 — IGSVDYSGNT (SEQ 1D
NO: 110)

CDR3 — ARHRGIYFFDY (SEQ ID
NO: 103)

Light Chain Variable Domain (VL}

YYELTQPLSVSVALGQTARIPCGG
NNIENKNVHWYQOKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LSINRAQAGDEADYYCOVWDSN
TVIFGGGTEVTVL (SEQ ID NO-
112)

CDRI ~ NIENKN (SEQ ID NG: 89)
CDR2 - RIS (SEQ ID NO: 903

CDR3 - QVWDSNTVI (SEQ ID NO:
115)

68103

Heavy Chain

QLOLOESGPGLVKPSETLSLTCTVSGGRIDTSSQYWAWIRQPPGRGLE
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Amino Acid Sequence

WIGGIYFSGSTYOQNPSLKSRVTTSVDTSKNGFSLERLSSMTAADTAVY Y
CARHRGIYFFDYWGQGTLYTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVES
SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIE
KTISKAKGOPREPQVY TLPPSREEMTKNOQVSLTCLYKGFYPSDIAVEW
ESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK (SEQ ID NO: 10)

Light Chain

SFELTQPLSVSVALGQTARITCGGINIENKNVHYYQOQKPGQAPVLVIYR
DTNRPSGIPERFSGSNSOGNTATLTISRAQAGDEADYYCOQVWDSNTVIFG
GGTEVTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTY
AWKADSSPVKAGVETTTPSKQSNNKY AASSYLSLTPEQWKSHESYSC
QVTHEGSTVEKTVAPTECS (SEQ ID NO: 9)

Heavy Chain Variable Domain (VH)

QLOQLOQESGPGLYKPSETLSLTCT
VSGGSIDTSSQYWAWIRQPPGKG

LEWIGGIYFSGSTYOQNPSLEKSRVT

TSVDTSKNQOFSLRLSSMTAADTA
VYYCARHRGIYFFDYWGQGTLY

Light Chain Variable Domain (VL)

SFELTQPLSVSVALGQTARITCGGE
NIENKMNVHYYQQKPGQAPVLVIY
RIODTNRPSGIPERFSGSNSGNTATL

VIFGGGTKVYTVL (SEQ 1D NO:

TVSS (SEQ ID NO: 116)

120)

CDRI - GGSIDTSSQY (SEQ 1D
NO: 117)

CDRIU - NIENKN (SEQ ID NO: 89)

CDR2 - RDT (SEQ 1D NO: 122)
CDR2 - IYFSGST (SEQ 1D NO:
118) CDR3 - QVWDSNTVI (SEQ 1D NO:
123)

CDR3 - ARHRGIYFFDY (SEQ ID
NO: 103)

B4E11

Heavy Chain

QLOLOESGPGLVEPSETLSLTCTVSGGSISSGSFYWGWIRQPPGKGLEW
IGTIYYSGSTYYNPSLEKSRVAISVDTSKNQFYLNLNFVTAADTAVYHCA
RERSSSWYPFDYWGQGTLVTVSSASTRKGPSVEPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTIVPS
SSLOGTOTYICNVNHEPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGRS
VELFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIE
KTISKAKGOPREPQVY TLPPSREEMTENOQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTIPPVLDSDGSFFLY SKETVDKSRWQQGNVESCSVM
HEALHNHYTQESLSLSPGR (SEQ ID NG: 12)

Light Chain
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SSELTODPAVSVALGQTVRITCOQGDSLRNYFANWY QUKPGQAPVEVIY
GEKNNRPSGIPDRFSGSSSGNTASLTITGAQAEDEADYYCNSRDSSGYH
VVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDEYPGA
VIVAWKADSSPVKAGVETTTPSKQSNNKY AASSYLSLTPEQWKSHEKS
YSCQVTHEGSTVEKTVAPTECS (SEQID NG 1D
Heavy Chain Variable Domain (VH) | Light Chain Variable Domain (VL)
QLOLQESGPGLYVKPSETLSLTCT | SSELTQDPAVSVALGQTVRITCGG
VSGGSISSGSFYWOWIRQPPGKG | DSLRNYFANWYQOQKPGQAPVLVI
LEWIGTIVYSGSTYYNPSLKSRY | YGKNNRPSGIPDRFSGSSSGNTAS
AISVDTSENQFYLNLNFVTAADT | LTITGAQAEDEADYYCNSRDSSG
AVYHCARERSSSWYPFDYWGQG | YHVVFGGGTRLTVL (SEQ 1D NO:
TLVTVSS (SEQ 1D NG: 124) 128}
CDRI - GGSISSGSEY (SEQ ID CDRI - SLRNYF (SEQ 1D NO: 129)
N 125}
CDR2 ~ GKN (SEG 1D NG: 130)
CDRZ - IYYSGST (SEQ 1D NO:
1263 CDR3 - NSRDSSGYHVV (SEQ ID
NO: 135
CDR3 - ARERSSSWYPFDY (SEQ
D NG 127)
88Bds Heavy Chain

EVQLLESGGGLYQPGGSLRLSCAASGFTFSNY AMSWVROQAPGKGLEW
VSVISGSGDSTYYAESVKGRFTISRONSKNTLYLOMTSLRAEDTAEYY
CAKDRIPVYGLDVWGQGTTVTVSSASTKGPSVEPLAPSSKSTSGGTAA
LGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOQSSGLY SLSSVVTVP
SSSLOGTQTYICNVNHKPSNTKVBEKRVEPKSCDKTHTCPPCPAPELLGGP
SVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKINWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLIVLHQDWILNGKEYECKVSNKALPAPL
EXKTISKAKGQOQPREPQVYTLPPSREEMTEKNGVSLTCLVEGFYPSDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQOGNVESCSY
MHEALHNHYTOKSLSLSPGK (SEQ 1D NO: 20)

Light Chain

SYELTQPLSVSVALGQTARISCGOGNNIGRENVHWYQOKPGQAPVLVIY
GDSNRPSGIPERFSGSNSOGNTATLTIORAQAGDEADY YCQVWDSSTVE
GGOTELTVLGOPKAAPSVTLRPPSSEELQANKATLVCLISDFYPGAVTY
AWKADSSPVKAGVETTTPSKQSNNKY AASSYLSLTPEQWKSHESYSC
QVTHEGSTVEKTVAPTECS (SEQ ID NO: 19y

Heavy Chain Variable Domain (VH)

EVOLLESGGGLVOPGGSLRLSCA
ASGFTFSNY AMSWVRGQAPGKGL
EWVSVISGSGDSTYYAESVEGRF
TISRDNSKNTLYLOMTSLRAEDT

Light Chain Variable Domain (VL)

SYELTQPLSVSVALGQTARISCGG
NNIGRENVHWYQOKPGQAPVLVE
YGDSNRPSGIPERFSGSNSGNTAT

LTIGRAQAGDEADYYCOVWDSST

38




WO 2022/261079

PCT/US2022/032482

Cione Amine Acid Sequence
ABYYCAKDRIPVYGLDVWGQG | VFGGGTKLTVL (SEQ 1D NO: 136)
TTVTVSS (SEQ ID NG 132)

CDRI - NIGRKN (SEQ ID NG: 137)

CDR1 - GFTFSNYA (SEQ 1D NO:
133) CDR2 - GDS (SEQ ID NO: 138)
CDR2 - ISGSGDST(SEQ IDNG: | CDR3 - QVWDSSTV (SEQ ID NO:
134) 139)
CDR3 - AKDRTPVYGLDV (SEQ
1D NO: 135)

935B06 Heavy Chain

EVOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMTWVROAPGKGLEW
VSDISGSGGSTKY ADSVKGRFTISRDNPENTLY LOMNSLRAEDTAVYY
CAKBLGFYSTWDTDYWGQGTLVTVSSASTEGPSVEPLAPSSKSTSGGT
AALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLASVVT
VPSSSLGTOTYICNVNHEPANTKVDKRVEPKSCDKTHTCPPCPAPELLG
OPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVUTVELHQDWLNGKEYKCKVSENKALPA
PIEKTISKAKGOPREPGVYTLPPSREEMTRKNOQVSLTCLVKGFYPSDIAY
EWESNGOPENNYKTIPPVLDSDGSFFLY SKUTVDKSRWOQOGNVESCS
VMHEALHNHYTGQKSLSLSPGK (SEQ ID NO: 22)

Light Chain

DMOMTGQSPSSLSASVGDRVTITCRASQGIRNDLDWY QOKPGKVPKREL
HAASSLOSGVPSRFSGSGSGTERFTLTISSLOQPEDFVTYYCLQHNTYPWT
FOOQOTKLEIKRTVAAPSVFIFPPSDEQLESGTASVVCLLNNFYPREAKY
OWEVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYA
CEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 21)

Heavy Chain Variable Domain (VH) | Light Chain Variable Domain (VL)

EVQLLESGGGLVQPGGSLRLSCA
ASGFTFSSYAMTWVROAPGKGL

EWVSD] TKYADSVKGRE
TISRDN LOMNSLRAEDT

AVYYCAKDBLGFYSTWDTIDYWG

DMOMTQSPSSLSASVGDRVTITC
RASQGIRNDLDWYQOQKPGKVPK
RLE SSLOSGVPSRFSGSGSGT
EFTLTISSLOPEDFVTYYCLOHNT
YPWTFGQGTKLEIK (SEQ ID NG

QGTLVTVSS (SEQ ID NOG: 140)

CDR1I -GFTFSSYA (SEQ ID NG
141}

CDR? - ISGSGGST (SEQ 1D NO:
142)

CDR3 - AKDLGFYSTWDTDY
(3EQ IDNO: 143)

144)
CDR1 - QGIRND (SEQ ID NO- 143)
CDR2 - AAS (SEQ ID NO: 146)

CDR3 ~ LOHNTYPWT (SEQ 1D NO:
147)
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Amino Acid Sequence

30F02

Heavy Chain

QLOLOESGPGLYKPSETLSLTCTVSGASISSSNHY WGWGWIRQPPGKG
LEWIGSIYYSGNTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVY
YCARHRGSYFFDHWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKRVEPFKSCDK THTCPPCPAPELLGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPI
EKTISKAKGQPREPQVYTLPPSREEMTENGVSLTCLVEGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSY
MHEALHNHYTOKSLSLSPGK (SEQ 1D NO; 24)

Light Chain

SYVLTQPLSVSVALGOQTARITCGGNNIGDKNVHWYQQKPGOAPVLVIS
RDSNRPSGIPERFSGSNSGNTATLTISRAQAGDESDYYCQVWDSSTVVE
GGGTRVTVLGOPKAAPSVILFPPSSEELQANKATLVCLISDEYPGAVT
VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYS
COVTHEGSTVEKTVAPTECS (SEQ IDNO: 23)

Heavy Chaimn Variable Domaim (VH)

OLOLQESGPGLYKPSETLSLTCT
VSGASISSSNHYWGWGWIRQPP
GKGLEWIGSIYYSGNTYYNPSLK
SRVTISVDTSKNQFSLKLSSVTAA
DTAVYYCARHRGSYFFDHWGO
GTLVTVSS (SEQ 1D NO: 148)

CDRI - GASISSSNHYWG (SEQ ID

Light Chain Vanable Domain (VL)

SYVLTOPLSVSVALGQTARITCGG
NNIGDKNVHWYQQKPGQAPVLY
ISRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDESDYYCQVWDSST
VYFGGGTKVTYL (SEQ ID NO:
152)

CDRI - NIGDEN (SEQ ID NO: 153)

NO: 149)
CDR2 - RDS (SEQ ID NO: 90)
CDR2 - IYYSGNT (SEQ 1D NO:
150 CDR3 - QVWDSSTVV (SEQ ID NG
155)

CDR3 - ARHRGSYFFDH (SEQ ID
NO: 15D

85F12

Heavy Chain

QVOLQOSGPGLVKPSQTLSLTCAISGDSVSSNSAVWNWIROSPSRGLE
WLGRTDYRSKWNNDYAVSVESRITINPDTSKNQFSLOLNSVTPEDTAY
YYCARGBDAGMASFDYWGQGTLVTVSSASTKGPSVEPLAPSSKSTSGG
TAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQSSGLY SLESVY
TVPSSSLOTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTOPPCPAPELL
GGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKEFNWYVDGVE
VHNAKTRPREEQYNSTYRVVSVLTVLHODWENGKEYKCKVSNEALP
APIEKTISKAKGOQPREPOVY TLPPSREEMTKNQVSLTCLVEGFYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDESRWOQQGNVESC
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Cione Amine Acid Sequence
SVMHEALBNHYTOKSLSLSPGK (SEQ 1D NOG: 26)
Light Chain
SSELTOPPSVSVSPGOTASITCSGDKLGDKY ACWY QQKAGOSPVVVIY
QDRKRPSGIPERFSGENSGNTATLTISGTQAMDEADYYCQTWDRRTAV
FOGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT
VAWKADSSPVRKAGVETTTPSKQSNNKY AASSYLSLTPEQWEKSHKSYS
CQVTHEGSTVEKTVAPTECS (SEQ ID NO: 253
Heavy Chain Variable Domain (VH) | Light Chain Variable Domain (VL)
QVQLOQSGPGLVKEPSQTLSLTCA | SSELTQPPSVSVSPGQTASITCSGD
ISGDSVSSNSAVWNWIRGSPSRG | KLGDKYACWYQQKAGQSPVVVI
LEWLGRTDYRSKWNNDYAVSY | YODRERPSGIPERFSGENSGNTAT
KSRITINPDTSKNQFSLOQLNSVTP | LTISGTQAMDEADYYCQTWDRR
EDTAVYYCARGDAGMASEDYW | TAVFGGGTKLTVL (SEQ ID NO:
GQGTLVTVSS (SEQ 1D NO: 156} | 160)
CDRI - GDSVSSNSAV (SEQ ID CDRI1 - KLGDKY (SEQ ID NO:
NO: 157) 161)
CDR2 -~ TDYRSKWNN (SEQ 1D {CDR2 - QDR (SEQ ID NO: 162)
NG 158)
CDR3 - QTWDRRTAV (SEQ D
CDR3 - ARGDAGMASFDY (SEQ | NO: 163)
D NG 159)
&3F10 Heavy Chain

EVOLLESGAGLLKPSETLSLTCAVYGGSFSDYYWSWIRQPPGKGLEWT
GEINHSGSTNYNPSLKSRVTISVDTSKNOQFSLKLSSVTAADTAVYYCAR
KRGANFEDDWGQGTLYTVSSASTKGPSVEPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEPK SCDK THTCPPCPAPELLGGPSVFLF
PPKPKDTLMISRTPEVTCYVVDVSHEDPEVKFNWY VDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVY TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQOQGNYVESCSVMHEALH

NHYTOKSLSLSPGK (SEQ ID NO: 28)

Light Chain

SYELTQPLAVSVALGQTARITCGOGNNIENKNVHWYQOQKPGQAPVLVIK
RDSNRPSGIPERLSGSNSOGNTATLTISRAQAGDEADYYCQVWDSSTVY

FOOOTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDEYPGAVT
VAWKADSSPYVRKAGVETTTPSKQSNNKYAASSYLSLTPEQWEKSHKSYS

COVTHEGSTVEKTVAPTECS (SEG ID NO: 27)

Heavy Chain Variable Domain (VH} | Light Chain Variable Domain (VL)
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Cione Amine Acid Sequence
EVQLLESGAGLLKPSETLSLTCA | SYELTQPLSVSVALGQTARITCGG
: I NVHWYQOKPGQAPVLVI
EWIGEINHSGS TNYNPSLKSRVT] VRPSGIPERLSGSNSGNTAT
SYDTSKNQFSLKLSSYTAADTAVY | LTISRAQAGDEADYYCQVWDSST
YYCARKRGANFFDRDDBWGQGTLY | VVFOGGTRKLTVL (SEQ ID NO:
TVSS (SEQ I NO: 164 168}
CDRI - GGSFSDYY (SEQIDNO: | CBRI - NIENKN (SEQ ID¥ NO: 89)
165}
CDR2 - RDS (SEQ ID NG: 90y
CDRZ - INHSGST(SEQ ID NO:
166) CDR3 - QVWDSSTVY {(SEQ ID NG
135}
CDR3 - ARKRGANFFDD (SEQ ID
NO: 187
Aunti-OX40L Heavy Chain

EVQLVESGGGLVQPGGSLRLSCAASGFTFSNY AMNWVRQAPGKGLE
WVSTISGSGGATRY ADSVKGRFTISRDNSRNTVYLOQMNSLRVEDTAVE
YCTKDRUIMATVRGPYYYGMDVWGOGTTVTIVSSASTKGPSVEPLAPC
SRSTSESTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTONVDHKPSNTKVDKRVESKYGPPCPPCP
APEFEGGPSVEFLFPPKPKDTLMISRTPEVICVVVDVSQEDPEVOENWY
VBOGVEVHNAKTKPREEQFNSTYRVYSVLTVLHODWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQOPREPQVY TLPPSQEEMTKNOQVSLTCLVKGEFY
PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SRLTVDKSRWQEGN
VESCSVMHEALHNRYTOKSLSLSLGK (SEQ 1D NO: 232)

Light Chain

DIOMTOSPSSLSASVGDRVTITCRASQOSISSYLNWY QUK PGKAPNLLLY
AASSLOSGVPSRESGSGSETDFTLTISSLOPEDFATYYCQQSHSVSFTFG
POCTRKVDIKRTVAAPSVFIFPPSBEQLKSGTASVVCLLNNFYPREARKV(
WEKVDBNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC (SEQ ID NG: 253)

Heavy Chain Variable Domain (VH)

EVQLVESGGGLVQPGGSLRLSCA
ASGFTFSNYAMNWVRQAPGKGL
EWVSTISGSGGATRYADSVKGRE
TISRDNSRNTVYLOQMNSLRVEDT
AVEYCTEDRLUIMATVROPYYYG

NO: 31

CDR1 - GFTFSNYA (SEQ 1D NO:
133)

CDR2 - ISGSGGAT (SEQ IB NO:

Light Chain Variable Domain (VL)

DIQMTQSPSSLSASVGDRVTITCR
ASOSISSYIENWYQOKPGKAPNLLE
YAASSLOSGVPSRFSGSGSETDFT
LTISSLOQPEDFATYYCQOSHSVSE
TFGPGTEKVDIK (SEQ ID NO: 30)

CDR1 - QSISSY (SEQ ID NO: 121)

CDR2 ~ AAS (SEQ 1D NO: 146)
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Amino Acid Sequence

113

CDR3 -
TKDRLIMATVRGPYYYGMDV
{(SEQ IDNO: 114)

CDR3 - QOSHSVSFT (SEQ ID NO:
154)

Anti-0X40L

{(U.S. patent
7,301,496)

*Based on
Kabat
Numbenng

Heavy Chain

EVQLLESGGOLVGQPGGSLRLSCAASGFTFNSY AMSWVRGAPGKGLEW
VSHSGSGOFTYYADSVEGRFTISRDNSRTTLYLOQMNSLRAEDTAVYYC
AKDRLVAPGTFDYWGQGALVTYSSASTKGPSVEPLAPSSKSTSGGTAA
LOCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOQSSGLY SLESVVTVP
SSSLGTOTYICNYNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGE
SYFLEPPKPKOTLMISRTPEVICVYVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTIVLHODWLNGKEYKCKVSNKALPAP]
EKTISKAKGQPREPQVYTLPPSRDELTEKNQVSLTCLVEGFYPSDIAVEW
ESNGQPENNYRKTTPPVLDSDGSFFLY SKLTVDRSRWQQOGNVFSCSVM
HEALHNHYTOKSLSLSPG (SEQ 1D NO: 254

Light Chain

DIQMTOSPSSLSASVGDRVTITCRASQGISSWLAWY QOKPEKAPKSLIY
AASSLOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQOQYNSYPYTF
GOQGTKLEIKRTVAAPSVFIFPPSDEQGLKSGTASVVULLINNFYPREAKVQ
WKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC (SEQ ID NG: 255)

Heavy Chain Variable Domain (VH)

EVOLLESGGGLVQPGGSLRLSCA
ASGFTFNSY AMSWVRGAPGKGL
EWVSISGSGGFTYYADSVKGRF

TISRDNSRTTLYLOMNSLRAEDT
AVYYCAKDRLVAPGTFDYWGQ

GALVTVSS (SEQ ID NO: 33)

CDRI - SYAMS (SEGQ ID NG: 105)

CDR2 - ISGSGCGFTYYADSVK
(SEQ ID NO: 106)

CDR3 - DRLYAPGTFDY (SEQ ID
NO: 107)

Light Chain Vanable Domain (VL)

DIQMTOQSPSSLSASVGDRVTITCR
ASOGISSWLAWYQOKPEKAPKSL
IY AASSLOSGVPSRFSGSGSGTDF
TLTISSLQPEDFATYYCQOYNSYP
YTFGOGTKLEIK (SEQ 1D NO: 32)

CDRI - RASQGISSWLA (SEQ ID
NO: 169)

CDR2 - AASSLQS (SEQ ID NO:
170)

CDR3 -~ QQYNSYPYT (SEQ ID NO:
171)
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{8155]  In certain embodiments, the antigen-binding site that spectfically binds OX40L
comprises an antibody heavy chain (HC) that comprises an amino acid sequence at least 90%
{e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100%) dentical to the HC of an antibody disclosed in
TABLE 3, and an antibody hght chain (LC) that comprises an amino acid sequence at least 90%
{e.g., at least 91%. at least 92%, at least 93%, at least 94%, at least 93%, at least 96%, at least
97%, at lcast 98%, at least 99%, or 100%) identical to the L of the same antibody disclosed in
TABLE 3. In certain embodiments, the antigen-binding site that specifically binds OX40L
comprises an antibody heavy chain variable domain (VH) that comprises an amino acid
sequence at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 9896, at least 9%, or 100%) identical to the VH of an
antibody disclosed in TABLE 3, and an antibody light chain variable domain (VL) that
comprises an amino acid sequence at least 90% {e.g., at least 91%, at least 92%, at least 93%, at
fcast 94%, at least 95%, at least 96%, at least 979, at least 98%, at least 99%, or 1009} identical
to the VL of the same antibody disclosed in TABLE 3. In certain embodiments, the antigen-
binding site comprises the heavy chain CDR1, CDR2Z, and CDR3 and the light chain CDR],
CDR2, and CDR3, determined under IMGT unique numbering scheme, Kabat (see Kabat eraf.,
{1991} Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242,
Bethesda), Chothua {see, e.g., Chothia C & Lesk A M, (1987}, J. Mol. Biol. 196: 9(1-917),
MacCallum {see MacCallum R M eral | (1996) §. Mol. Biol. 262: 732-745), or any other CDR

determunation method known 1o the art, of the VH and VL sequences disclosed in TABLE 3.

{0186]  In certam emboduments, the antigen-binding site that specifically binds to OX40L
comprises a heavy chain complementarity-deternuning region | (VHCDRI) comprising an
amino acid sequence of GGSISTSSYY (SEQ ID NO: 77), a heavy chain complementarity-
determining region 2 {VHCDR2) comprising an amino actd sequence of IYYSGST (SEQ ID
NO: 78}, a heavy chain complementarity-determaining region 3 (VHCDR3) comprising an anuno
acid sequence of ARHRGSYFFDI (SEQ ID NGO: 79), a light chain complementarnty-determining
region 1 {VLCDRI) compnising an amino acid sequence of DIENKN (SEQ 1D NO: 81), a ight
chain complementarity-determining region 2 {(VLCDR2) comprising an amino acid sequence of
RDN (SEQ ID NO: 82), and a light chain complementarity-deterauning region 3 (VLCDR3)
comprising an amino acid sequence of GVRDSNIVY (SEQ ID NO: 83).

{01871  In some embodiments, the antigen-binding site that specifically binds to OX40L
comprises a VHCDRI comprising an amino acid sequence of GVSIRSNGYY (SE( ID NO: 93),
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a VHCDR2 comprising an amino acid sequence of MDYSGT (SEQ 1D NO: 943, a VHCDRS
comprising an aming acid scquence of ARERSNNWYPIDY (SEQ ID NO: 93}, a VLCDRI1
comprising an amino acid sequence of SVRRFF (SEQ 13 NO: 97}, a VLCDR2 comprising an
amino acid sequence of GKD (SEQ 1D NG: 98), and a VLCDR3 comprising an amino acid
sequence of NSRDSSGYLVL (SEG 1D NO: 99).

{0158]  In some cmbodiments, the antigen-binding sife that specifically binds to (X40L
comprises a VHCDRI comprising an aming acid soquence of GASVSSSSYY (SEQ 1D NG: 853,
a VHCDR? comprising an amino acid sequence of INYGGST (SEQ 1D NO: 86}, a VHCDR3
comprising an amino acid sequence of ARHRGIYHFDY (SEQ ID NG: 87), a VLCDRI1
comprising an amino acid sequence of NIENKN (SEQ 1D NO: 89), a VLUDR2 comprising an
amino acid sequence of RDS (SEQ 1D NO: 90), and a VLCDR3 comprising an aming acid
sequence of QVWDSNTVY (8EQ ID NG: ¢1).

{0189]  In somc ermbodiments, the antigen-binding stte that specifically binds to OX40L
comprises a2 YHCDRI comprising an ammo acid sequence of GGSISSSSYY (SEQ 1D NOG:
101}, a VHUDR2 comprising an amino acid sequence of IGSVDYSGNT (SEQ 1D NO: 102), a
VHCDR3 comprising an amino acid sequence of ARHRGIYFFDY (SEQ 1D NO: 103}, 2
VELCDRI comprising an anuno acid sequence of NIENKN (SEQ ID NO: 89}, a VLCDRZ
comprising an amino acid sequence of RDS (SEQ ID NG: 90), and a VLCDR3 comprising an
aming acid sequence of QVWDSNTVVY (SEQ ID NO: 913

{0166]  In some embodiments, the antigen-binding site that specifically binds to OX40L
comprises a VHCDRE comprising an amino acid sequence of GETFSNYA (SEQ ID NO: 133),a
VHCDR2 comprising an aming acid sequence of ISGSGGAT (SEQ D NGO 113), a VHCDR3
comprising an amino acid sequence of TKDRLIMATVRGPYYYGMDV (SEQ IDNG: 114}, a
VLCDRI comprising an amino acid sequence of QSISSY (SEQ ID NQ: 121), s VLCDR2Z
comprising an aming acid scquence of AAS (SEQ 1D NG: 146), and a VLCDR3 comprising an
amino actd scquence of QQSHSVEFT (SEQ ID NG: 154).

{0161}  In some emboduments, the antigen-binding site that specifically binds to OX40L
comprises a VHCDRT comprising an amino acid sequence of SYAMS (SEQ 1D NO: {05}, a
VHCDR2 comprising an amino acid sequence of HSGSGGFTYYADSVK (SEQ 1D NO: 106}, a
VHCDR3 comprising an anino acid sequence of DRUVAPGTFDY (SEQ ID NG 107),a
VECDRI comprising an amino acid sequence of RASQGISSWLA (SEQ IDNO: 169),a
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VLCDRZ comprising an amino acid sequence of AASSLQS (SEQ ID NG: 170), and a VLCDR3
comprising an aming acid scquence of QUYNSYPYT (SEQ 1D NO: 171},

{0162]  In certaim embodiments, the antigen-binding site that specifically binds OX40L
comprises a VH that comprises an amino acid sequence at least 90% {e.g.. at least 91%. at least
92%, at least 93%, at loast 94%, at least 953%, at least 96%, at least 97%, at least 98%, at least
99%, or 100%) identical to SEQ ID NG: 76, and a VL that comprises an amino acid sequence at
least 90% {e.g., at least 91%, at least 92%. at least 93%, at least 94%, at least 95%, at least 96%,

at least 97%, at fcast 98%, at least 99%, or 100%) identical to SEG ID NG: 80,

{0163]  In certain embodiments, the antigen-binding site that specifically binds OX40L
comprises a VH that comprises an anuno acid sequence at least 90% (e.g., at least 91%, at least
92%, at least 93%, at least 94%, at feast 959, at least 96%, at least 97%, at least 98%, at least
99%, or 100%) identical to SEQ 1D NGO: 92, and a VL that comprises an amino acid sequence at
least 90% {e.g., at least 91%, at least 92%, at least 939, at least 94%, at least 95%, at least 96%,

at least 97%, at least 98%, at least 99%, or 100%) identical to SEQ ID NG: 96,

{0164]  In cortain embodiments, the antigen-binding site that specifically binds OX40L
comprises a VH that comprises an amino acid sequence at least 90% (e.g., at least 91%, at least
92%. at lcast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%. or 100%) identical to SEQ 1D NO: 84, and 3 VL that comprises an amino acid sequence at
Teast 909 {e.g., at least 1%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,

at least 97%, at least 98%, at least 99%, or 160%;) identical to SEQ ID NG: 88,

{0165]  In certain embodiments, the antigen-binding site that specifically binds OX40L
comprises a VH that comprises an amino acid sequence at least 90% {e.g., at least 91%, at least
92%. at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%. or 100%) identical to SEQ ID NG: 100, and a VL that comprises an amino acid sequence
at least 90% {e. g, at least 91%, at least 92%, at least 93%, at least 84%, at least 95%, at least

96%, at least 97%, at least 98%. at least 99%, or 100%) identical to SEQ 1D NO: 104,

{8166]  In certain embodiments, the antigen-binding site that spectfically binds OX40L
comprises a VH that comprises an amino acid sequence at [east 90% (e.g, at least 91%, at least
2%, at least 939%, at least 94%, at least 953%, at least 96%, at least 97%. at least 98%, at least
99%, or 100%) dentical to SEQ ID NG: 31, and a VL that comprises an amino acid sequence at
least 90% {e.g.. at least 91%, at least 92%, at least 93%, at lcast 94%, at least 95%. at least 96%

at least 97%, at least 98%, at least 99%, or 1009} identical to SEQ 1D NO: 30
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{8167]  In ceriain embodiments, the antigen-binding site that specifically binds OX40L
comprises a VH that comprises an amino acid sequence at feast 90% (e g, at least 91%, at least
92%, at least 939, at least 94%, at least 95%, at least 96%, at least 97%, at least 989, at least
999, or 100%) identical to SEQ ID NG: 33, and a VL that comprises an amino acid sequence at
feast 90% (e.g., at least 31%, at least 92%, at least 93%, at least 94%, at least 93%, at least 96%

at least 97%. at least 98%, at least 99%, or 100%;) identical to SEQ ID NG 32

{9168]  In certain embodiments, the antigen-binding site that spectfically binds OX40L
comprises a HC that comprises an amino acid sequence at least 90% (e.g., at least 91%, at least
92%, at feast 93%, at least 94%, at least 95%, at least 96%, at least 979, at least 98%, at least
99%, or 100%) tdentical to SEQ ID NG 8, and a LC that comprises an amino acid sequence at
least 90% (e . at lcast 91%, at least 92%, at least 93%, at least 94%, at least 93%, at least 96%

at least 97%, at least 98%, at least 99%, or 1009} identical to SEQ IDNO: 7

{9169]  In certain emboduments, the antigen-binding site that specifically binds OX40L
comprises a HC that comprises an amino acid sequence at least 90% {e.g., at least 91%, at least
2%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 989, at least
99%, or 100%;) identical to SEQ ID NO: 16, and a LC that comprises an amino acid sequence at
least 90% (s&:,, at least 919, at least 92%, at lcast 93%, at least 94%, at least 95%, at least 96%,

at least 97%, at teast 98%, at least 99%, or 1009} wdentical to SEQ 1D NG: 15

{0170]  In certam emboduments, the antigen-binding site that specifically binds OX40L
comprises a HC that comprises an amino acid sequence at least 90% (e.g., at least 91%, at least
92%, at least 93%. at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100%;) wdeutical to SEQ 1D NOG: 14, and a L.C that comprises an amuno acid sequence at
least 90% {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,

at least 97%, at least 98%, at least 99%, or 1009%;} identical to SEQ 1D NO: 13,

{0171]  In certain embodiments, the antigen-binding site that specifically binds (0 X40L
comprises a HC that comprises an amino acid sequence at least 90% (e.g., at least 91%, at least
92%, at least 93%, at loast 94%, at least 93%, at least 96%, at least 97%, at least 98%, at least
99%, or 100%) wdentical to SEQ TD NO: 18, and a LC that comprises an amino acid sequence at

least 0% {e.g., at feast 91%, at least 92%. at least 93%, at least 94%, at least 95%, at least 96%,

at least 97%, at feast 98%, at least 99%. or 100%) identical to SEQ 1D NG: 17,

{0172]  In certain embodiments, the antigen-binding site that specifically binds OX40L

comprises a HC that comprises an amino acid sequence at least 90% (e.g.. at least 91%, at lcast
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92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100%) identical to SEQ 1D NO: 232, and a LC that comprises an amino acid sequence
at least 90% (e.g.. at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least

96%, at least 97%, at least 98%, at least 99%, or 100%; identical to SEQ ID N{O: 253,

[0173]  In certain embodiments, the antigen-binding site that specifically binds OX40L
comprises a VH that comprises an amino acid sequence at least 90% {e.g., at least 91%, at least
92%. at least 93%, at least 94%, at least 95%, at least 96%, at least 97%. at least 98%, at least
99%, or 100%) identical to SEQ ID NO: 234, and a VL that comprises an amino acid sequence
at least 90% {e.g., at least 919, at least 92%, at least 93%, at least 84%, at Teast 959%, at least

96%, at feast 97%, at least 98%., at least 99%, or 100%;} identical to SEQ 1D NO: 255,
EC Bridging Moietics

{0174]  In some embodiments, proteins of the present disclosure further comprise a bridging
motety. In certain embodiments, the bridging moiety may be non-functional, i.e. merely serves
as a structural comnection and/or appendage and does not perform a biclogical function or have a
biological purpose. In other embodiments, the bridging motety is functional and has a biological

function in the context of the protemn,

{0175]  In some embodiments, the N-terminus of the bridging moiety is connected to the C-
tenminus of a polypeptide or complex of two or more polypeptides that specifically binds CDS0
and/or CD86 and the C-terminus of the bridging moiety is connected to the N-terminus of a
polypeptide or complex of two or more polypeptides that specifically binds GX40L. To some
embodiments, the bridging moiety connects the polypeptide or heavy chain of a complex of two
or more polypeptides that specifically binds CD80 and/or CD86 and the polypeptide or heavy
chamn of a complex of two or more polypeptides that specifically binds OX40L to form a

contiguous polvpeptide chain,

{01761  In some embodunents, the bridging moiety is connected to the C-termainus of a
polvpeptide or complex of two or more polypeptides that specifically binds OX40L. In other
embodiments, the bridging moiety is connected to the C-terminas of a polypeptide or complex of
two or more polypeptides that specifically binds CD80 and/or CD86. In some embodiments, the
bridging moicty is connected to the N-terminus of a polvpeptide or complex of two or more
polypeptides that specifically binds OX40L. In other embodiments, the bridging moiety is
connected o the N-terminus of a polypeptide or complex of two or more polypeptides that

specifically binds CDE0 and/or CHES,
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81777  In some embodiments, the bridging motety comprises, but is not limited to, a
polypeptide of an immunoglobulin Fo domain or functional fragment thereof, a human serum
albumin (HSA) polypeptide or functional fragment thereof, a polypeptide linker, ora
polypeptide hinge. In certain embodiments, the bridging motety comprises a polypeptide of an
immunoglobulin Fe domain. For example, in some embodiments, the bridging moiety ts a
polypeptide of an IgG, IgM, IgA, 1D, or IgE Fc domain. In certain embodiments, the bridging
motety 15 a polypeptide of an IgG1, 1gG2, IgG3, or 1gG4 Fe domain. In certain embodiments,
the bridging moiety is a polypeptide of an IgG1 Fc domain. In certain embodiments, the
bridging maiety is a polypeptide of a human IgG1 Fo domain. In certain cmbodiments, proteing
of the present disclosure comprise a first polvpeptide of an imnwnoglobulin Fo domam and a

second polvpeptide of an immunoglobulin Fe domain which dimerize with cach other.
Human IgG Fe

{0178]  Within the polypeptide of the Fc domain, C 16 binding is mediated by the hinge
region and the CH?2 domain. For exarmple, within human IgG1, the mteraction with CDH 6 1
primarily focused on amino acid residues Asp 265 — Gla 269, Asn 297 - Thr 299, Ala 327 - He
332, Lew 234 — Ser 239, and carbohydrate residue N-acetyl-D-glucosamine in the CHZ domain
{see, Sondermann ef af., Nature, 406 (67933:267-273), vumbered according to the EU index as in
Kabat. Based on the known domains, mutations can be selected to enhance or reduce the binding
aftinity to CD16, such as by using phage-displayed libraries or yeast surface-displaved cDNA
itbrarics, or can be designed based on the known three-dimensional structure of the interaction.
Accordingly, in certain embodiments, a polypeptide of the immunoglobulin Fe domain or the

portion thereof comprises a hinge polypeptide and a CH2 domain.

{01791  In certamn embodiments, the bridging moiety 1s a polypeptide of a human IgGl Fe
domain comprising one or more mutation{s) to reduce binding to an Foy receptor {(e.g., FeyRL
FoyRHA, FeyRIIB, FoyRIUA | or FoyRIHB) or a complement component {e.g., Clg) in the first
and/or second polypeptides of the human IgG1 Fe domain. Such mutations are uscful for
reducing effector functions. For example, a protein of the present disclosure includes LALA
(L234A and L235A) mutations, LALAPA (L2344, L235A, and P329A) mwutations, LALAPG
(L234A, L233A, and P329G) mutations, or LALEGAASPS (12344, L.235E, G237A, A3308,
and P3318) mutations. In some embodiments the ferminal lysine residue of human IgGl Fe
domain 1s mutated (K447A) or deleted (K447A). In some embodiments, amino acids at any ong

or more of positions 322, 330, 331, 335, and 358 may be mutated. The positions of the amino
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acid substitutions are all numbered according to the EU index as in Kabat, unless otherwise

stated.

{0180] TABLE 4 lists exemplary wildtype and mutant polypeptides of human

immunoglobulin Fo domains. In some embodiments, the bridging moicty comprises an amino

acid sequence selected from any one of the human inununoglobulin Fe sequences histed in

TABLE 4.

{0181] TABLE 4: Exemplary human {gG Fe demain sequences

Fe domain

Amino Acid Sequence

1gG1Fe wildtype

PSVFLFPPKPKDTLMISRTPEVTCVYVDVSHEDPEVKINWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVY TLPPSRDELTKNOVSLTCL
VKGFY PSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLY SKLTV
DKSRWOQOQGNVESCSYMHEALHNHY TOKSLSLSPGK (SEQ ID
NO: 178)

IgG1 Fc PA

PSYFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVY
SNKALAAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTY
DKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK (SEQ ID
NO:237)

19G1 Fe PG

PSVFLFPPKPKDTLMISRTPEVICVYVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYEKCKY
SNKALGAPIEKTISKARKGQOPREPQVYTLPPSRDELTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DESRWQOOGNVESCSYMHEALHNRYTOKSLSLSPGK (SEQ D
MNOH238)

1gG1.4 Fo

PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCAV
SNKALPSSIEKTISKAKGOQPREPQVYTLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSYMHEALHNHY TQKSLSLSPGA (SEQ ID
NO: 214)

19G 1.6 Fe

PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCAV
SNKALAAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTV
DKSRWOQQGNVFSCSVMHEALHNHY TQKSLSLSPGA (SEQ ID
NO: 216)
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¥Fe¢ domain

Amino Acid Sequence

oGl Fo K447A

PSVFLFPPKPKDTLMISRTPEVTCVYVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKV
SNKALPAPIEK TISKAKGQPREPQGYY TLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOQQGNVFSCSVMHEALHNHYTQKSLSLSPGA (SEQ 1D
NO: 179)

1gG1 Fc K447A

PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRYVVSVLTVLHODWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLYSKLTV
DKSRWQOQGNVFSCSYMHEALHNHY TOKSLSLSPG (SEQ ID NO:
150)

Orencia IgG

PSPAPELLGGSSVFLEPPKPKDTLMISRTPEVTCYVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVY TLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHY TQKSLSLSPG

K (SEQ D NO: 239)

CTLA4lg Vanant Fo

PSPAPELLGGSSVFLFPPKPKDTLMISRTPEVTCVYVDVSHEDPE
VKFENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEK TISKAKGOPREPQVY TLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOQQGNVFSCSVMHEALHNHYTQKSLSLSP
G (SEQ ID NO: 240)

{g(G2 Fe wildiype

PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOQFNWY VDG
VEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKV
SNKGLPAPIEK TISK TKGQPREPQVY TLPPSREEMTKNQVSLTCL
VKGFYPSDISVEWESNGOPENNY K TTPPMLDSDGSFFLY SKLTY
DKSRWQOGNVFSCSVMHEALHNHY TOKSLSLSPGK (SEQ ID
NO: 217)

1g(3 Fowildtvpe

PSVFLFPPKPEDTLMISRTPEVICVVVDVSHEDPEVOFKWY VDG
VEVHNAKTKPREEQYNSTFRVVSVLTVLHQDWLNGKEYKCKY
SNKALPAPIEKTISKTKGOPREPOVY TLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESSGQPENNYNTTFPMLDSDGSFFLY SKLTV
DKSRWOQOGNIFSCSYMHEALHNRFTOKSLSLSPG (SEQ 1D NO:
241)
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Fe domain Amino Acid Sequence

{94 Fe wildtype PSVFLFPPKPRKDTLMISRTPEVICVVVDVSQEDPEVOFNWY VDG
VEVHNAKTKPREEQFNSTYRVVSVLTVLHODWENGKEYKCKY
SNKGLPSSIEKTISKAKGQPREPOVY TLPPSQEEMTKNQVSLTCY
KGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVD
KSRWQEGNVFSCSVMHEALHNHYTQKSLALSLG (SEQ IDNO:
205}

{0182]  In certamn embodiments, proteins of the present invention comprise a polypeptide of a
human IgG Fe domain bridging moiety that comprises an amino acid sequence at least 90%
{e.g., at least 91%, at least 92%, at least 93%, at least 949, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100%;) identical to a wildtype or variant human Ig(G Fe

domain sequence listed in TABLE 4, numbered according to the EU index as in Kabat,

{0183]  In certain embodiments, proteins of the present invention comprise a polypeptide of a
human IgG1 Fe domaio bridging mosety that comprises an amino acid at least 90% {e.g2., at least
G91%, at least 92%, at least 93%, at least 94%, at least 93%, at least 969, at least 97%, at least

98%, at least 99%, or 100%) identical to SEQ [D NG 178,

{0184]  In cortmin embodiments, proteing of the present invention comprise a polypeptide of 2
human fgG1 Fo domain bridging moidety that comprises an amino acid at least 90% (e g.. at least
9 1%, at least 929, at least 93%, at least 94%, at least 95%, at least 96%, at least 979%, at least

98%, at least 99%, or 100%) dentical to SEQ [D NO: 237,

{0185]  In certain embodiments, proteins of the present invention comprise a polypeptide of a
human IgGl Fe domain bridging moiety that comprises an amino acid at least 80% {e.g., at least
91%, at least 92%, at least 93%, at least 94%, at least 93%, at least 96%, at least 97%, at least

98%, at least 99%, or 100%) dentical to SEQ [D NO: 238,

{0186]  In certain embodiments, proteins of the present invention comprise a polypeptide of a
human IgG! Fo domain bridging moicty that comprises an amuno acid at least 90% {e.g., at least
g ging ) s 8

91%, at least 92%, at least 93%, at feast 949, at least 93%, at least 96%, at least 97%, at least

98%, at least 99%, or 100%) identical to SEQ ID NO: 214,

{0187  In certam embodiments, proteins of the present invention compnse a polypeptide of a

human IgG1 Fc domain bridging moiety that comprises an amine acid at least 90% {e.g., at least
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91%, at least 92%, at least 93%, at least 94%, at least 93%, at least 96%., at Ieast 97%, at least

98%, at least 99%, or 100%:;) identical to SEQ 1D NO: 216

{0188] In certam embodiments, proteins of the present invention comprise 3 polypeptide of a
human IgG1 Fc domain bridging moiety that comprises an aming acid at least 90% {e.g., at least
91%, at least 92%, at least 93%, at least 949, at least 959, at least 96%, at least 97%, at least

98%, at least 99%, or 100%;) identical to SEQ D NO: 179,

{0189]  In certain embodiments, proteins of the present invention comprise a polypepiide of a
human IgGl Fe domain bridging motety that comprises an aming acid at least 90% {e.g., at least
91%, at feast 92%, at least 93%. at least 94%, at least 95%, at least 969, at least 7%, at least

98%, at least 99%, or 100%;) identical to SEQ 1D NO: 180,

{0198] 1o certain embodiments, proteins of the present invention comprise a polypeptide of a
human IgG1 Fe domain brnidging motety that comprises an amino acid at least 90% (e.g., at least
91%, at feast 92%, at least 93%, at least 94%, at least 95%, at least 969, at feast 97%, at least

98%, at feast 39%, or 100%;) identical to SEQ D NO: 239,

{01911  In certain embodiments, proteins of the present invention comprise a polypeptide of a
human IgGl Fe domain bridging mosety that comprises an amino acid at least 90% {e.g., at least
91%9 at least 2%, at least 93%, at least 94%, at least 93%, at least 969, at least 97%, at least

98%, at least 99%, or 100%;) identical to SEQ [D NG 240,
Hinge Polypeptide

{0192]  In some embodiments, the bridging motety comprises at least a portion of a hinge
polypeptide. The hinge polvpeptide can be derived from an immunoglobulin heavy chain, e g,
1gG1, 1952, IsG3, 1gG4, or other classes. Preferably, the hinge region is dertved from human
12G1, [gG2, 1563, or I5G4. More preferably the hinge region 1s derived from a human fgGl

heavy chain.

{9193]  In some embodiments, at least a portion of binge polvpeptide is connected to the N-
tenminus of the heavy chain constant domain 2 {CH2) of a polvpeptide of a human
immunoglobulin Fe domain. In some embodiments, the hinge polypeptide connects the C-
terunus of a polypeptide or complex of two or more polypeptides that specifically binds CD80
and/or CD86 to the N-terminus of the CH2 domam of a polypeptide of a human immunoglobulin

Fe domain. In other embodiments, the hinge polypeptide connects the C-terminus of a

~
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polvpeptide or complex of two or more polypeptides that specifically binds OX40L to the N-
terminus of the CH2 domain of a polypeptide of a human immunoglobelin Fo domain. In some
cmbodiments, a partial hinge (for example, a polvpeptide having the sequence of SEQ 1D NO:
336} 1s conneeted to the Cotermuinus of a CHI domain of a Fab heavy cham (HC) that
specifically binds OX40L and forms a disulfide bond with the Fab hght chain (LT} that
specifically binds OX40L. In some embodiments, a partial hinge (for example, a polypeptide
having the sequence of SEQ 1D NO: 336) 1s connected to the C-terminus of a CHI domain of a
Fab heavy chain (HC) that specifically binds CB80 or (D86 and forms a disulfide bond with the
Fab light chain (LC) that specifically binds CD80 or {DE6, respectively.

{0194]  In some embodiments, amine acids at any one or more of positions €220, E233, £.234
or L2335 may be mutated in the hinge region of human [gG1. The positions of the amine acid

substitutions are all numbered according to the EU index as in Kabat, unless otherwise stated.

{0195]  TABLE § lists exemplary wildtype and mutant human imounoglobulin hinge
polyvpeptides. In some embodiments, the bridging motety comprises an amine acid sequence
selected from any one of the human mmunoglobulin Fo linge polypeptide sequences listed in

TABLE 5.

{0196] TABLE 5: Hinge Polypeptides of Human Immuneglobulin

Hinge Amino Acid Sequence

1gG1 wildtype hinge | EPKSCDKTHTCPPCPAPELLGG (SEQ ID NO: 175)

12G1 wildtype Q QEPKSCDKTHTCPPCPAPELLGG (SEQ 1D NO: 242y
hinge

1gG1 hinge C2208 EPKSSDKTHTCPPCPAPELLGG (SEQ ID NO: 176)

1gG 1 hinge C2208 Q| QEPKSSDETHTCPPCPAPELLGG (SEQ ID NO: 249)

1gG1 hinge C2208/ EPKSSDKTHTCPPCPAPEAAGG (SEQID NG 177
L234A/ L2354

1G] hinge Q €2208/ | QEPKSSDKTHTCPPCPAPEAAGG (SEQ ID NO: 243)
L234A/ L235A

1gG1 hinge L234A/ | EPKSCDKTHTCPPCPAPEAAGG (SEQ ID NO: 212)
L235A (and
LALAPA)
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Hinge

Amino Acid Sequence

i2G1 hinge ¢ L2344/
L235A (and
LALAPA)

QEPKSCDKTHTCPPCPAPEAAGS (SEQ 1D NO: 244)

ig(G1.4 hinge

EPKASDETHTCPPCPAPPVAG (SEQ TD NOG: 213)

12G1.4 hinge @

QEPKSSDKTHTCPPCPAPPVAG (SEQ ID NO: 245)

{92 wildtype hinge

ERKCCVECPPCPAPPVAG (SEQ 1D NO: 246)

1G4 wildtype hinge

BSKYGPPCPSCPAPEFLGG (SEQ ID NO: 218)

{24 hinge consensus

RVESKYGPPCPPCPAPEFXGE

wherein X 18 L or B (SEQ ID NO: 202)

{964 tunge S228P

RVESKYGPPCPPUPAPEFLGG (SEQ ID NO: 203y

1z(G4 hinge 5228%/
L235E

RVESKYGPPCPPCPAPEFEGG (SEQ ID NG: 204)

Orencia IgG hinge

QEPKSSDRTHTSP (SEQ ID NO: 247)

Orencia Hinge varnant

EPKSSDKTHTSP (SEQ ID NO: 248)

{21 Partial Hinge

EPKSC (SEQ ID NO: 336)

{6197

o some erabodiments, bridging moicties of the present invention comprise a binge

polypeptide comprising an amino acid sequence at least 90% (e.g., at least $1%, at least 92%, at

least 93%, at least 94%,

at least 95%. at least 96%, at least 97%, at least 98%, at least 99%, or

100%) identical to a wildtype or variant human immunoglobulin Fe hinge sequence listed in

TABLE 5§, numbered according to the EU index as in Kabat.

[6198]

in certatn emboduments, bridging moieties of the present invention comprise a hinge

0/

polypeptide comprising an amino acid at least 90% (e.g2., at least 91%, at least 92%, at least 93%,

at least 94%. at Ieast 95%, at least 9696, at least 97%, at least 98%, at least 99%, or 100%

identical to SEQ ID NO: 175,

[0199]

In certamn embodiments, bridging moieties of the present invention comprise a hinge

polypeptide comprising an amino acid at least 90% {(e.g.. at least 91%, at least 92%, at least 93%,
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at least 949%, at feast 5%, at least 96%, at least 97%, at least 98Y%%, at least 99%, or 160%)

identical to SEQ 1D NO: 242,

{0200]  In certam embodiments, bridging moietics of the present invention comprise a hinge

polypeptide comprising an amino acid at least 90% {e. g, at least 91%, at least 92%, at least 93%,

at least 94%, at feast 959%, at least 96%, at lcast 97%, at least 98%, at least 99%, or 100%)

identical to SEQ ID NG: 176

{0201]  In certain embodiments, bridging moietics of the present mvention comprise a hinge

30/

polypeptide comprising an amino acid at least 90% (e. g, at least 91%, at least 92%, at least 93%,

at least 94%. at keast 95%, at least 969%, at lcast 97%, at loast 98%, at least 99%. or 100%)

identical to SEQ ID NG: 249

{0202] 1o certain emboduments, bridging mwoictics of the present mvention comprise a hinge

polyvpeptide comprising an amino acid at least 90% (e. g, at least 919, at least 92%, at least 93%,

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

identical to SEQ ID NG 177

{0283]  In certain embodiments, bridging moieties of the present imvention comprise a hinge
polvpeptide comprising an amino acid at least 90% (.2, at least 919, at least 92%, at least 93%
at least 94%, at least 95%, at least 969, at least 97%, at least 98%, at least 99%, or 100%

wdentical to SEQ ID NG: 243,

{0284]  In certain embodiments, bridging moieties of the present invention comprise a hinge
polypeptide comprising an amino acid at least 90% {(e.g., at least 91%, at least 92%, at least 93%
at least 94%, at feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 10096}

wdentical to SEQ ID NG: 212,

{0265]  In certain embodiments, bridging raoictics of the present mvention comprise a hinge
polvpeptide comprising an amino acid at least 90% {e.g., at least 91%, at least 92%, at least 93%
at least 94%, at feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%)

identical to SEQ 1D NG: 244

{0206]  In certain embodiments, bridging moicties of the present invention comprise a hinge

0,

>

>

polvpeptide comprising an amino acid at least 90% {e. g, at least 91%, at fcast 92%, at least 93%,

at Teast 949, at teast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 160%)

identical to SEQ 1D NO: 213,
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{8287]  In cortain embodiments, bridging moieties of the present invention comprise a hinge
polypeptide comprising an amino acid at least 90% (e.g.. at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%

wdentical to SEQ D NG: 245

{0208]  In cortam embodiments, bridging moicties of the present invention comprise a hinge
polypeptide comprising an amino acid at least 90% {e.g.. at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%)

identical to SEQ 1D NG: 247

{0209 In certain embodiments, bridging moicties of the present invention comprise a hinge
polypeptide comprising an amine actd at least 90% {e. g, at least 91%, at least 92%, at least 93%,
at least 949%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%)
identical to SEQ 1D NO: 248,

Human Serum Albumin

{0218]  In some embodiuments, bridging moietics of the present invention comprise a human
serum albumin (HSA) polypeptide of functional fragment thereof. For example, a bridging
moiety of the present may comprise an amino acid sequence at least 0% {e.g., at least 91%, at
Teast 929, at least 93%, at least 94%, at least 95%, at least 96%, at least 979, at least 98%, at

Teast 99%, or 100%) identical to SEQ ID NG: 219,

DAHKSEVAHRFKDLGEENFKALVEIAFAQYLQQCPFEDHVKLVNEVT
EFAKTCVADESAENCBKSLHTLFGDRKLCTVATLRETYGEMADCCAK
QEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLEKKYLY
EIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRD
EGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAEFAEVSK
LVIDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCE
KPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFL
GMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKY
FDEFKPLVEEPQNLIKONCELFEQLGEYKFOQNALLVRYTKKVPQVSTP
TLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQUCVLHEKT
PYSDRVTKCCTESLYVNRRPCFSALEVDETY VPKEFNAETFTFHADICT
LSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVERCCKA
DDKETCFAEEGKKLVAASQAALGL (BEQ ID NO: 219)
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5D Linkers

{0211]  In some embodiments, the N-terminus of a polvpeptide or complex of two or more
polypeptides that specifically binds OX40L is connected to the C-terminus of 3 bridging moiety
via a linker polypeptide. In other embodiments, the N-terminus of a polypeptide or complex of
two or more polypeptides that specifically binds CD80 and/or CD86 i connected to the -
terminas of a bridging moiety via a linker polvpeptide. In some embodiments, the N-terminuos of
a polvpeptide or complex of two or more polypeptides that specifically binds CD80 and/or CD86
is connected to the Cterminus of a polvpeptide or complex of two or more polypeptides that
specifically binds OX40L via a linker polypeptide. Tn other embodiments, the N-tenminus of a
polypeptide or complex of two or more polyvpeptides that specifically binds OX40L is connected
to the C-ternunns of a polvpeptide or complex of two or more polypeptides that specifically

binds D80 and/or CD86 via a linker polypeptide.

{0212] Regarding the anino acid composition of the linker polypeptide, linker polypepude
sequences are sclected with properties that confer flexibility, and for mimmal interference with
the structure and fonction of the other domains and/or polypeptides of the proteins described in
the present application. Linker polypeptide sequences are also selected to be resistant to
proteolytic cleavage. For example, glycine and serine residues generally provide protease

resistance.

{02131  In certam embodiments, proteins described herein comprise a (GlyGlyGlvGlvSerh
{{GaS)s) linker (SEQ ID NG 111). The length of the linker (e.g., flexible linker) can be “short,”

55

eg.0.1,2,3.4 56,78 9 10, 11 or 12 ammo acid residues, or “tong,” e.g., at least 13 amino
acid residucs. In certain embodiments, the hinker s 10-30, 10-40, 10-30, 10-25, 10-20, 15-50,

15-40, 13-30, 15-23, 15-29, 20-50, 20-40, 20-30, or 20-25 amino acid residues in length.

{0214]  In certain emboduments, proteins of the present invention comprise one or more

polypeptide linker comprising or consisting of an amino acid sequence histed in Table 6.

{02158] TABLE 6 — Exemplary Linker Polypeptides

SEQID Amino Acid Sequence

SEQ D NO: § (GGGGS), whereinnis Lio 12
181
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SEQ 1D Amine Acid Sequence

SEQID NG: | GSGSGSGSGRGSGSGRGSGS
206

SEQID NO: | GGSGGEGGSGESGGEGHSGGSGHEGESGGE
267

SEQID NO: | GGGSGGGSGGGSGGGSGGGSGGGSGGORGLGSGGERGH
208 Gs

SEQID NG | GGSCGHGSGEGSGGGRGOGSGGESGOGGSGGESGHGHSGHG
209 SG

SEQID NG | GGRGGEGSGGGGSGGGESGHGHESGGGHSGEEGEGEEES
20 GGOGSGGGESGE

SEQ D NG: | GGSGGGGSGHOESGGHGSGEEGSGHGESGGHGSGGGHS
2 GGGGSGGAGSGGHGRGGOGGSGGRGSGGHGSGGOGGSGRE

LE  Exemplary Proteins

{0216]  Listed below are examples of proteins of the present invention comprising a
polypeptide or complex of two or more polypeptides that specitically binds CD80 and/or CD86

and a polypeptide or complex of two or more polypeptides that specifically binds OX40L.

{0217}  For cxample, the polypeptide that specitfically binds CID80 and/or C186 can comprise
a wildtype or variant extracethular domain of CTLA4 selected from any one of the sequences
listed in TABLE 1. Altematively, the polypeptide or complex of two or more polypeptides that
specifically binds CD80 and/or CDE6 can comprise a wildtvpe or vanant extracetiular domain of
CD28 or functional fragment thereof, or an antigen binding site (e.g. an antibody, a Fab; a Fab’,

a F{ab')2, a single-chain variable fragment {scFv), a minibody: or a nancbody (VHH}).

{0218] In some embodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds OX40L is an antigen binding site {e.g an antibody, a Fab; a Fab’, a F(ab™}2, a
single-chain variable fragment {scFv); a nunibody; or a nanobody (VHH)). For example,
antigen binding sites that specifically bind OX40L can comprise a Fab comprising the
YVHCDRI, VHCDR2, VHCDR3, VLCBRI, VLCDR2, and VLUDR3 sequences selected from
any of the VHCDRI, VHCDRZ, VHCDR3, VLCDRI, VLCDRZ, and VLCDR3 sequences listed
in TABLE 2, the VH and VL sequences listed in TABLE 3, and/or the HC and LC sequences
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listed in TABLE 3. In other embodiments, the polvpeptide that binds OX40L can comprise an

extracellular domain of OX40, or functional fragment thereof.

{0219]  As descnbed above, proteins of the present invention may comprise a bridging
moiety. In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds CD80 and/or CDRS is connected at s C-terminus to the N-terminus of a
bridging moiety and the polypeptide or complex of two or more polypeptides that specifically
binds OX40L is connected at its N-terminus to the C-terminus of the bridging moiety. As
escribed above, the bridging moiety can be a polypeptide of a wildtype human IgG1 Fe domain
optionally comprising one or more mutation and compnsing a sequence selected from any one of
the sequences listed in TABLE 4. The bridging moiety can also comprise a hinge polypeptide at
its N-terminus optionally comprising one or more mutation such as a sequense selected from any

one of the sequences histed in TABLE 8.

{0220]  As also described above, the polypeptide or complex of two or more polypeptides that
specifically binds OX40L can be comnected to the C-tenminus of the bridging moiety via a hnker
polypeptide. For example, the hinker polypeptide can comprise a polypeptide comprising a

sequence selected from any one of the sequences listed in TABLE 6.

{02211  Proteins of the present invention can comprise a heavy chain and a light chain. For
cxample, a heavy chain of the present tnvention can comprise, from N-terminus to C-terminus:
an extraceliular domain of CTLA4 or fimctional fragment thereof, a bridging moicty comprising
at least a portion of a hinge polypeptide at its N-termunos and the CHZ and CH3 domatns of
polypeptide of a human IgG1 Fo; a hinker polypeptide; and a heavy chain of an anti-OX40L Fab
comprising a YH domain and CHI domain. The heavy chain can additionally comprise at the C-
terminus of the CHI domain, a pamtial IgG | linge sequence {for example, a polypeptide
comprising the aminoe acid sequence of SEQ 1D NO: 336) comprising a cysteine residue capable
of forming a disulfide bond with a cysteine residuc in a light chain constant domain (CL}.

TABLE 7 lists exemplary heavy chain sequences of the present invention.

{02221 A light chain of the present invention can comprise, from N-terminus to C-erminus: a
VL domain and CL domain of the anti-OX40L Fab. TABLE 7 lists exemplary light chamn

sequences of the present invention.

o

{0223]  In combmnation, heavy chains and hight chains as listed in TABLE 7 associate, for
example linked by a disulfide bond, and can specifically bind to CDE0 and CD86, and OX40L.

As conteoplated in proteios of the present mveuntion, the binge polypeptide and CH3 domain of
30
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the polypeptide of the human IgG1 Fe can facilitate dimerization of two heavy chains resalting

in a protein comprising of two heavy chains and two light chains.

[0224]

TABLE 7: Exemplary Heavy Chain and Light Chain Sequences

Heavy Chain

Light Chain

67B0G(1)

AMIVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLRGADSQV
TEVCAATY MMGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTOI
YVIDPEPCPDSDOQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHANAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALPSSIEKTISKAK
GOPREPQVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGO
PENNYKTTPPVLDSDGSFFLYSK
LTVDESRWOOQGNVFSCSYMHEA
LHNHY TQKSLSLSPGAGGGGSG
GOGSGGGGSOLOLOESGPGLVE
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNOFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLYKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKS
C (SEQ D NO: 40)

SYELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADY YCOVRDS
NIVVFGGGTKLTVLGOPKAAPSV
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVEAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 39)

6TB06(2)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLROQADSQY
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTQ!
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSVILFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPOQVYTLPPSREEMTENQ
VSLTCLVEKGFYPSDIAVEWESNG
QPENNYRTTPPVLDSDGSFFLYS
KLTVDKSRWOOONYESCSVMHE

SYELTQPLSVSVALGQTARITCGG
SDIENKNVHWYQQKPGQAPVLYI
HRONNRPSGIPERFSGSNSGNTAT
LTISRAQAGDEADYYCQVRDSNI

IVFGGGTKLTVLGOPKAAPSYTL
FPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 61)
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Heavy Chain

Light Chain

ALANHYTOKSLSLSPGAGGGGS
GGGGSGGGGSOLOLOESGPGLY
KPSETLSLTCSVSGGSISTSSY YW
GWIROPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNOFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVED
YEPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLGT
GTYICNVNHKPSNTK VDKRVEP
KSC (SEQ ID NO: 62)

57B06(3)

AMHVYAQPAVVLASSRGIASFVCE
YASPGEATEVRVTVLRQADSQV
TEVCAATYMMOGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPE
VEKINWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVELHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPOQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSEFLY
SKLTVDKSRWQOQGNVFSUSVMH
EALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSOLOQLOESGPGLY
KPSETLSLTCSVSGGSISTSSYYW
GWIRQPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNQFSL
KETSVTAADTAVYYCARHRGSY
FFDIWGOGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTEP
AVLAQSSGLY SLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 64)

SSELTQPLSVSVALGQTARMTCG

GSDIENKNVHWYQQKPGQAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOQPKAAPSY

TLEPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCOVTHEGSTVEKTVAP

TECS (SEQ 1D NO: 63)

67B06(4)

KAMHVAQPAVVLASSRGIASFV
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMGNELTFLDDS
ICTGTSSGNGVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
QIYVIDPEPCPDSDOEPKSSDKTH
TCPPCPAPEAAGGPSYFLFPPKPK
DTLMISRTPEVICVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPR

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOKPGQAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISBFY
PGAVIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
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Heavy Chain

Light Chain

EEQVNSTYRVVSVLITVLHQDWL
NGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVY TLPPSREEMTK
NOVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQOGNVFSCSVM
HEALHNHYTOKSLSLSPGAGGE
GSGGGGSGGGGSOLOLOESGPG
LVEPSETLSLTCSVSGGSISTSSY
YWOWIROPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHEKPSNTKVDKR
VEPKSC (SEQ ID NO: 182)

TECS (SEQ 1D NO: 63}

67B06(5)

MHVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVIVLROQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSONQVNLTIOGLRAMDTGL
YICKVELMYPPPYYLGIGNGT(H
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPE
VEFNWYVDGVEVHNAKTEPRE
EQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISK
AKGQPREPOQVYTLPPSREEMTKN
QVSLTCLYKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY
SKLTVBEKSRWQQGNVESCSVMH
EALHNHYTQESLSLSPGAGGGGS
GGGGSGGOGRQLOLOQESGPGLY
KPSETLSLTCSYSGGSISTSSY YW
GWIRQPPGRKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNQFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVED
YFPEPVTVEWNSGALTSGVHTTP
AVLOSSGLYSLESSVVTVYPSSSLGT
QTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 183)

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOKPGOQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELGANKATLVCLISDFY
PGAVTIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63}

67B06(6)

KAMHVAQPAVYLASSRGIASEY
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMGNELTFLDDS

SSELTOQPLSVSYVALGOTARMTICG
GSDIENKNVHWYQQKPGQAPVL
VIHRDNNRPSGIPERFSGANSGNT
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Heavy Chain

Light Chain

ICTGTSSONGYNLTIOGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
QIY VIDPEPCPDSDEPKSSDKTHT
CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPOVYTLPPSREEMTKN
OVSLTCLVKGFY PSDIAVEWESN
GOPENNYKTTPPVLDSDGSFELY
SKLTVDKSRWOQGNVFSCSVMH
FALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLQESGPGLY
KPSETLSLTCSVSGGSISTSSY YW
GWIRQPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNOFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVED
YFPEPVTVSWNSGALTSGVHTFP
AVLOSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 184)

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63}

57B06(7)

MHVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVTVLRQADSQVT
EVCAATYMMOGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDEPKSSDETHTICP
PCPAPEAAGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHOQDWLNGK
EYKCKVSNKALPAPIEKTISKAK
GOQPREPQVYTLPPSREEMTENGV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLY SK
LTVBESRWOQOQONVESCSVMHEA
LHNHYTQKSLSLEPGAGGGGSG
GGOSGGUGGSQLOLQESGPGLVE
PRETLSLTCSVSGUGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOQGRATISVDTSKNQFSLK
LISVTAADTAVYYCARHRGSYF
FDIWGLOTLVTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVEDY
FPEPVTIVSWNSGALTSGVHTEPA

SSELTOPLSVSVALGQTARMTICG

GSDIENKNVHWYQQKPGOAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY

TLEPPSSEELQANKATLVCLISDRY
PGAVTVAWKADSSPYKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCOVTHEGSTVEKTVAP

TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ ID NO: 185)

67B06(R)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLROADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTOQ!
YVIDPEPCPDSDEPKSSDETHTCP
PCPAPEAAGGPSVFLFPPEPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSYLTVLHODWLNGK
EYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPSREEMTENGQY
SLTCLVEGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQOGNVESCSVMHEA
LHNHYTOKSLSLSPGAGGGGSG
GGGSGGGGSOLOLOESGPGLVK
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLQGRATISVDTSKNQESLE
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLYTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ ID NO: 156)

SSELTQPLSVSVALGOTARMICG
GSDIENKNVHWYQQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLEPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPYKAGVETT
TPSKOSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

§OBOY(1)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLROADSQV
TEVCAATYMMGNELTFLDBSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTO
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPYVAGPSYVFLFPPRPKDT
LMISRTPEVTICVVVDVYSHEDPEV
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNEKALPSSIEKTISKAK
GOPREPOVYTLPPSREEMTKNQVY
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQGNVESCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGGGGSEVQLVESGPGLVK
PSETLSLTCTVSGVSIRENGYYW

SSELTQDPAVSYALGOTVRITCQG
DSVRRFFAHWYQOKPGOAPILVIS
GKDTRPSGIPDRFSGSISGNTASLT
ITGAQAEDEADYYCNSRDSSGYL
VLFGGGTKLTVLGQPKAAPSVTL
FPPSSEELOANKATLVCLISDEYP
GAVIVAWKADSSPVKAGVETTT
PSKOSNNKYAASSYLSLTPEQWEK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ ID NQ: 47)
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Heavy Chain

Light Chain

GWIRQSPGKGLEWIGNMDYSGT
YONPSLTSRVTISGDASKNQFSL
KLERSVTAADTAVYFCARERSNN
WYPIDYWGQGTLVTIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTOQTYICNVNHEPSNTKVDKR
VEPKSC (SEGIDNOG: 48)

SOB09(2)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLROADSOV
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTOL
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQGNVFSCSVMHE
ALHNHY TOKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOQESGPGLY
KPSETLSLTCTVSGVSIRSSGYYW
GWIRQPPGKGLEWIGNIDYSGTY
ONPSLTSRVTISVDTSKNGQFSLKL
SSVTAADTAVYYCARERSNNWY
PIDYWGOGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLYKD
YFPEPVTVSWNSGALTSGVHTFP
AVLOSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTK VDKRVEP
KSC (SEQ ID NO: 68)

SSELTQDPAVSVALGOTVRITCOG
DSVRRFFAHWYQOKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGOPKAAPSVT
LFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKOSNNKYAASSYLSLTPEGWK
SHKSYSCOVTHEGSTVEKTYAPT
ECS (SEQ ID NO: 67)

ROB09(3)

KAMHVAQPAVYLASSRGIASEY
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMGNELTFLDDS
ICTGTSSGNQVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
QIYVIDPEPCPDSDOQEPKSSDKTH
TCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVYSHEDP
EVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVYSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTIS
KAKGQOPREPOVYTLPPSREEMTK

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWY QQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT

LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67)
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Heavy Chain

Light Chain

NOVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTTPPVLDSDGSEFL
YSKLTVBKSRWQOQGNVFSCSVM
HEALHNHYTQKSLSLSPGAGGG
GSGGGGSGGOGGSEVQLVESGPG
LVKPSETLSLTCTVSGVSIRSNGY
YWOWIRQSPGKGLEWIGNMDYS
GTYOQNPSLTSRVTISGDASKNQF
SEKLRSVTAADTAVYFCARERSN
NWYPIDYWGOQGTLYTVSSASTK
GPSVFPLAPSSKSTSGGTAALGC
LVEDYFPEPVTVSWNSGALTSG
VHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHEPSNTEVD
KRVEPKSC (SEQ ID NG 187)

$9R09(4)

MHVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVTVLROADSQVT
EVCAATY MMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPEAAGGPSYFLFPPRPKD
TUMISRTPEVTCVVVDVSHEDPE
VEFNWYVDGVEVHNAK TKPRE
EQYNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPQVYTLPPSREEMTKN
QVSLTCLVEGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY
SKLTYDKSRWQOGNVFSCSVMH
EALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSEVOLVESGPGLY
KPSETLSLTCTVSGVSIRSNGYY
WGWIRGSPGKGLEWIGNMDYSG
TYQNPSLTSRVTISGDASKNQFSL
KLRSVTAADTAVYFCARERSNN
WYPIDYWGQGTLVTVSSASTKG
PSVEPLAPSSKSTSGGTAALGCL
VEKDYFPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSYVVTVPSS
SLOTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 185)

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWY QQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOQPKAAPSYT

LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67)

§9B09(3)

KAMHVAQPAVVLASSRGIASEY
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMOGNELTFLDDS
ICTGETSSGNQVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIOGNGT
QY VIDPEPCPDSDEPKSSDKTHT

SSELTQDPAVSVALGOTVRITCOG
DSVRRFFAHWY QQKPGQOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYUNSRDSSGY
EVLFGOGOTKLTVLGOPKAAPSVT
LEPPSSEELQANKATLVCLISDEYP
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Heavy Chain

Light Chain

CPPCPAPEAAGGPSVFLEPPRPKD
TUMISRTPEVTCVVVDVSHEDPE
VEFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPQVYTLPPSREEMTKN
QVSLTCLVEGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY
SKLTYDKSRWOQQGNVFSCSVMH
EALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSEVOLVESGPGLY
KPSETLSLTCTVSGVSIRSNGYY
WGWIRQSPGKGLEWIGNMDYSG
TYQNPSLTSRVTISGDASKNQFSL
KLRSVTAADTAVYFCARERSNN
WYPIDYWGQGTLVTVSSASTKG
PSVEPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 189)

GAVIVAWKADSSPVKAGVETTT
PSKOQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67)

§9B0Y(6)

MHVAQPAVYLASSRGIASFVCEY
ASPGRKATEVRVTVLRQADSQVT
EVCAATYMMGNELUTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTO!
YVIDPEPCPDSDEPKSSDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAK
GQPREPOQVYTLPPSREEMTKNGQYV
SLTCLVKGFYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSK
LYVDESRWOQOGNVFSCSVMHEA
LHNHYTQESLSLSPGAGGGGSG
GGGSGOGGSEVOLVESGPGLVK
PSETLSLTCTVSGVSIRENGYYW
GWIRQSPGRKGLEWIGNMDYSGT
YONPSLTSRVTISGDASKNQFSE
KLRSVTAADTAVYFCARERSNN
WYPIDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGY
HTFPAVLQSSGLYSLESVVTVPSS
SLOTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ 1D NO: 190)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWY QQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSVT

LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67)
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Heavy Chain

Light Chain

§9B09(7)

AMHVAGPAVVLASSRGIASFVCE
YASPGKATEVRVTVLRQADSQV
TEVCAATY MMGNELTFLDDSICT
GTSSGNOVNLTIOGLRAMDTGL
VICKVELMYPPPY YLGIGNGTQI
YVIDPEPCPDSDEPKSSDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAK TKPREEQ
YNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAK
GQPREPOVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGO
PENNYKTTPPVLDSDGSFFLYSK
LTVDESRWOQGNVESCSVMHEA
LHNHY TQK SLSLSPGAGGGGSG
GGGSGGGGSEVOLVESGPGLVK
PSETLSLTCTVSGVSIRSNGYYW
GWIRQSPGKGLEWIGNMDYSGT
YONPSLTSRVTISGDASKNQFSL
KLRSVTAADTAVYFCARERSNN
WY PIDY WGQGTLYTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSVVTVPSS
SLGTOTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 191)

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQQKPGQAPVLVI
SGKIDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LYLFGGGTKLTVLGQPKAAPSVT

LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVEKAGVETTT

PSKOSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67)

98E10(1)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQVY
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTQE
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
CYNSTYRVVSVLTVLHODWLNG
KEYKCAVENKALPSSIEKTISKAK
GOPREPQVYTLPPSREEMTENQY
SLTCLVEGFYPSBIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSK
LIVBKSRWQOONVESCSVMHEA
LHNHYTOKSLSLSPGAGGGGSG
GGGSGGGGSOLOQLOESGPGLVK
PSETLSLTCTVAGASVYSSSSYYW
OWIRQSPGKGLEWIGTINYGGST
YHNPSLKRRVTVSVDTSENQFSL
KLTSVTAADTAVYYCARHRGIY

SYELTQPLSVSVALGOTARITCGG
NNTENKNVHWYQOQMPGOAPVLY
TYRDSNRPSGIPERFSGSNSGNTAT
LTINRAQAGDEADYYCQVWDSN

TYVEGGGTKVTVLGQPKAAPSYT
LFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKOQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 45)
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Heavy Chain

Light Chain

HFDYWGQGTLVTVSSASTRGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTE
PAVLOSSGLY SLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NQ: 46)

98E10(2)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQV

TEVCAATYMMGNELTFLDDSICT

GTSSGNQVNLTIGGLRAMDTGL
YICKVELMY PPPY Y LGIGNGTOL
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSYFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
GYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPQVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSYMHE
ALHNHYTOKSLSLSPGAGGGGS
GGGGSGGGGSOLGLOESGPGLY
KPSETLSLTCTVSGASVSSSSYY
WGWIRQPPGKGLEWIGTINYGGS
TYHNPSLKRRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARHRGI
YHFDYWGOQGTLVTVSSASTKGP
SVFPLAPSSKSTSGGTAALGCLY
KDYFPEPYVTVSWNSGALTSGVH
TEPAVLOSSGLYSLESYVTVPSSS
LOTOTYICNVNHKPSNTKYDKR
VEPKSC (SEQ ID NO: 66)

SYELTQPLSVSVALGQTARITCGG
NNTENKNVHWYQQKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDEADYYCOVWDSTT
VYEGGGTRVTVLGGPKAAPSVTL
FPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 63)

GRELN3)

KAMHVAQPAVVYLASSRGIASFY

CEYASPGKATEVRVTVLRQADS

QVTEVCAATYMMOGNELTFLDDS
ICTGETSSGNQVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
QIYVIDPEPCPDSDQEPKSSDKTH
TCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDP
EVEFNWYVDOVEVHNAKTEPR

EEQYNSTYRVVSVLTIVLHQDWL
NGKEYKCKVSNKALPAPIEKTIS

KAKGOPREPQVYTLPPSREEMTK
NOVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTTPPVLDSDGSFFL
YSELTVDKSRWOOOGNVESCSVM

SYELTOPLSVSVALGOTARITCGO
NNIENKNVHWYQOKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDEADYYCQVWDSTT
VVFGGGTKVTVLGOPKAAPSVTL
FPPSSEELOANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ I NO: 63)
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Heavy Chain

Light Chain

HEALHNHY TQESLSLSPGAGGG
GSGGGGSGGGGSQOLOLOESGPG
LVKPSETLSLTCTVAGASYSSSSY
YWOWIRQSPGKGLEWIGTINYG
GSTYHNPSLKRRVTVSVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GIYHFDYWGQGTLVTVSSASTK
GPSVEPLAPSSKSTSGGTAALGC
LVEDYFPEPVTVSWNSGALTSG
VHTFPAVLOSSGLYSLSSYVTVP
SSSLGTQTYICNYNHKPSNTKVD
KRVEPKSC (SEQ ID NO: 192)

9RE14)

MHVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVTVLROQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
VICKVELMYPPPY YLGIGNGTO!
Y VIDPEPCPDSDQEPKSSDK THT
CPPCPAPEAAGGPSYFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPQVY TLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWOOQGNVFSCSVMH
EALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOESGPGLY
KPSETLSLTCTVAGASVSSSSYY
WOWIRQSPGKGLEWIGTINYGGS
TYHNPSLKRRYTVSVDTSKNQFS
LKLTSVTAADTAVYYCARHRGI
YHFDYWGQGTLYTVSSASTEGP
SVFPLAPSSKSTSGGTAALGCLY
KDYFPEPVTVSWNSGALTSGVH
TFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 193)

SYELTQPLSVSVALGQTARITCGE
NMNIENKNVHWYQOKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDEADYYCOQVWDSTT
VVFGGGTEKVTVLGQPKAAPSVIL
FPPSSEELQANKATLYCLISDFYP
GAVIVAWKADSSPVKAGVETTY
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ 1D NO: 65)

98E10(5)

KAMHVAQPAVVLASSRGIASFV
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMGNELTFLDDS
ICTGTSSGNGVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
GIYVIDPEPCPDSDEPKSSDKTHT
CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPE
VEFNWYVDOGVEVHNAKTEPRE

SYELTOPLSVSVALGOTARITCGG
NNIENKNVHWYQOKPGOAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDEADYYCQOVWDSTT
VVFGGGTKVTVLGOPKAAPSVTL
FPPSSEELOANKATLVCLISDEYP
GAVIVAWKADSSPVKAGVETTT
PSKOQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
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Heavy Chain

Light Chain

EQYNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPQVY TLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWOOQGNVFSCSVMH
EALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOESGPGLY
KPSETLSLTCTVAGASVSSSSYY
WOWIRQSPGKGLEWIGTINYGGS
TYHNPSLKRRYTVSYVDTSKNQFS
LKLTSYVTAADTAVYYCARHRGI
YHFDYWGQGTLYTVSSASTEGP
SVFPLAPSSKSTSGGTAALGCLY
KDYFPEPVTVSWNSGALTSGVH
TFPAVLOSSGLYSLSSVVTVPSSS
LOTQTYICNVNHEPSNTKVDKR
VEPKSC (SEQ ID NO: 194)

ECS (SEQ ID NO: 65)

98E10(6)

MHVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVIVLROQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSONQVNLTIOGLRAMDTGL
YICKVELMYPPPYYLGIGNGT(H
YVIDPEPCPDSDEPKSSDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREED
YNSTYRVVAVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAK
GOPREPQVYTLPPSREEMTKNGQY
SUTCLVKGEYPSBIAVEWESNG(
PENNYKTTPPVLDSDGSFFLY SK
LTVDKSRWQQONVESCSYMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGGGGSQLQLQESGPGLVK
PSETLSLTCTVAGASVYSSSSYYW
GWIRQSPGRGLEWIGTINYGGST
YHNPSLKRRVTVSVDTSKNQFSL
KLTSVTAADTAVYYCARHRGTY
HFDYWGQGTLVTIVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 195)

SYELTOPLSVSVALGOTARITCGG
NNIENKNVHWYQOQKPGOAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDEADYYCQVWDSTT
VVEGGGTKVTYLGOPKAAPSVTL
FPPSSEELOANKATLVCLISDFYP

IAVTVAWKADSSPVEAGVETTT
PSKOQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 65)

G8E10(7)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTIVLRQADSQV
TEVCAATYMMONELTFLDDSICT

SYELTQPLSVSVALGQTARITCGG
NNIENKNVHWYQQKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT
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Heavy Chain

Light Chain

GTSSONQVNLTIOGLRAMDTGL
YICKVELMYPPPYYLGIGNGT(H
YVIDPEPCPDSDEPKSSDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREED
YNSTYRVVSVLTVLHODWLNGK
EYKCKVSNKALPAPIEKTISKAK
GOPREPQVYTLPPSREEMTKNGQY
SUTCLVKGEYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLY SK
LTIVDKSRWQQGNVFSCSVYMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGGGGSOLQLQESGPGLVK
PSETLSLTCTVAGASVYSSSSYYW
GWIRQSPGKGLEWIGTINYGGST
YHNPSLKRRVTVSVDTSKNQFSL
KLTSVTAADTAVYYCARHRGTY
HFDYWGQGTLVTIVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 196}

LTISRAQAGDEADY YCOVWDSTT
VVFGGGTKVTVLGGPKAAPSVTL
FPPSSEELOANKATLYCLISDFYP
GAVTVAWKADSSPVEAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQOVTHEGSTVEKTVAPT
ECS (SEQ IB NO: 65)

92C01(1)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTIVLRQADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPYVAGPSVFLFPPKPKDT
LMISRTPEVICVYVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYRCAVSNKALPSSIEKTISKAK
GOQPREPQVYTLPPSREEMTENGV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLY SK
LTVBESRWOQOQONVESCSVMHEA
LHNHYTQKSLSLEPGAGGGGSG
GGOSGGGGSOVOLQESGPGLVK
PRETLSLTCTVSGGSISSSSYYWG
WIRQPPGKGLEWIGGIGSVDYSG
NTYYKPSLKSRVTISVDTSKNGF
SLEKLSSVTAADTAVYHCARHRGI
YFFDYWOQOGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF

SYELTOPPSVSVALGQTARITCGG
NNIENKNVHWYQQKPGOAPVLYI
YRDSNRPSGIPERFSGSNSGNTAT
LSINRAQAGDEADYYCQVWDSN
TYVFGGGTKLTVLGOPKAAPSYT
LFPPSSEELGANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 49)
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Heavy Chain

Light Chain

PAVLQSSGLYSLSSVVTVPSSSLG
TQUYICNVNHKPSNTKVDERVEP
KSC (SEQ 1D NO: 503

98C01(2)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRYTVLROQADSQY
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTOQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCYVVYDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSYLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNG
VSLTCLVEGFYPSDIAVEWESNG
OQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQOGNVFSCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQVQLOESGPGLY
KPSETLSLTCTVSGGSISSSSYYW
GWIRQPPGKGLEWIGGIGSVDYS
GNTYYKPSLKSRVTISVDTSKNG
FSLKLSSVTAADTAVYHCARHR
GIYFFDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTFPAVLOQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEG ID NO: 70)

SYELTQPPSMSVAPGQTARITCGG
SNIEDKNVHWYQOKPGOAPVLYI
KRDSDRPSGIPERFSGSNSGNTAT
LTISRAQAGDEAEYYCQVWDSST
VVFGGGTKLTVLGOQPKAAPSVTL
FPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 69)

98CO1(3)

KAMHVAQPAVVLASSRGIASFEY
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMONELTFLDDS
ICTGTSSGNQVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
QY VIDPEPCPDSDOEPKSSDKTH
TCPPCPAPEAAGGPSYFLEFPPKPK
DTLMISRTPEVICVYVDVSHEDP
EVKENWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLH(DWL
NGEKEYKLKVSNKALPAPIEKTIS
KAKGOQPREPQVYTLPPSREEMTE
NOVSLTCLYKGFYPSDIAVEWES
NGOPENNYKTTPPVLDSDGSEFL
YSKLTVBKSRWQOGNVESCSVM
HEALHNHYTQKSLSLSPGAGGG
GSGGGGSGGGGSQVQLESGPG
LVKPSETLSLTCTVSGGRISSSSY

SYELTOPPSMSVAPGQTARITCGG
SNIEDKNVHWY GOKPGOAPVLVI
KRDSDRPSGIPERFSGSNSGNTAT
LTISRAQAGDEAEYYCQVWDSST
VVFGGGTRKLTVLGOPKAAPSVTL
FPPSSEELOANKATLVCLISDEYP
GAVIVAWKADSSPVKAGVETTT
PSKOSNNKYAASSYLSLTPEQWEK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 69)
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Heavy Chain

Light Chain

YWOWIRQPPGKGLEWIGGIGSV
DYSGNTYYKPSLKSRVTISVDTS
KNQFSLKLSSVTAADTAVYHCA
RHRGIYFFDYWGOGTLYTVSSAS
TKGPSVEPLAPSSKSTSGGTAAL
GCLYKDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTV
PSSSLGTOTYICNVNHKPSNTKY
DKRVEPKSC (SEQ 1D NO: 197)

98C01(4)

MHVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVIVLRQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTOT
YVIDPEPCPDSDQEPRKSSDKTHT
CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVICVVVDVSHEDPE
VEFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY
SKLUTVDEKSRWQOQGNVESCSVMH
EALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQVOQLQESGPGLY
KPSETLSLTCTVAGGSISSSSYYW
GWIRQPPGRGLEWIGGIGSVDYS
OGNTYYKPSLKSRVTISVDTSKNG
FSLKLSSVTAADTAVYHCARHR
GIYFFDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTIFPAVLQSSGLYSLASVVTVPSS
SLOTQTYICNVNHKPSNTKVDER
VEPKSC (SEQ 1D NO: 198)

SYELTOPPSMSVAPGQTARITCGG
SNIEDKNVHWY QOKPGQAPVLVI
KRDSDRPSGIPERFSGSNSGNTAT
LTISRAQAGDEAEYYCQVWDSST
VVFGGGTKLTVLGOPKAAPSVTL
FPPSSEELOQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKOSNNKYAASSYLSLTPEGWK
SHKSYSCOVTHEGSTVEKTYAPT
ECS (SEQ ID NO: 69)

98C01(5)

KAMHVAQPAVYLASSRGIASEY
CEYASPGKATEVRVTVLRQADS
QVTEVCAATYMMGNELTFLDDS
ICTGTSSGNQVNLTIQGLRAMDT
GLYICKVELMYPPPYYLGIGNGT
QIYVIDPEPCPDSDEPKSSDETHT
CPPCPAPEAAGGPSVFLFPPRPKD
TLMISRTPEVTCYVVDIVSHEDPE
VKENWYVDGVEVHNAKTKPRE
EQYNSTYRVVEVLTVEHODWLN
GKEYKCKVSNKALPAPIEKTISK
AKGOPREPOVYTLPPSREEMTEN

SYELTQPPSMSVAPGQTARITCGG
SNIEDKNVHWYQOKPGOAPVLYI
KRDSDRPSGIPERFSGSNSGNTAT
LTISRAQAGDEAEYYCQVWDSST
IVFGGGTKLTVLGOPKAAPSYTL
FPPSSEELQANKATLVCLISDFYP

GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 69)
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Heavy Chain

Light Chain

QVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGAGGGGS
GGGGSGOGGGSQVOQLQESGPGLY
KPSETLSLTCTVAGGSISSSSYYW
GWIRQPPGKGLEWIGGIGSVDYS
OGNTYYKPSLKSRVTISVDTSKNG
FSLKLSSVTAADTAVYHCARHR
GIYFFDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTIFPAVLQSSGLYSLASVVTVPSS
SLOTQTYICNVNHKPSNTKVDER
VEPKSC (SEQ 1D NO: 199)

98C01(6)

MHEVAQPAVVLASSRGIASFVCEY
ASPGKATEVRVTVLRQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGT(QI
YVIDPEPCPDSDEPKSSDETHTCP
PCPAPEAAGGPSVFLFPPRPKDTL
MISRTPEVTCVYVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLUTVLHODWELNGK
EYKCKVSNKALPAPIEKTISKAK
GOPREPOQVYTLPPSREEMTENQV
SLTCLVEGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLY SK
LTVBKSRWOQOGNVFSCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GOGSGGGGSOVQLOESGPGLVK
PSETLSLTCTVSGGSISASSYYWG
WIRQPPOGKGLEWIGGIGSVDYSG
NTYYRKPSLESRVTISVDTSENGF
SLKLSSVTAADTAVYHCARHRG]
YFFDYWGQGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEPSNTKVDKRVEP
KSC (SEQ D NO: 200)

SYELTQPPSMSVAPGQTARITCGG
SNIEDKNVHWYQOKPGOAPVLYI
KRDSDRPSGIPERFSGSNSGNTAT
LTISRAQAGDEAEYYCQVWDSST
IVFGGGTKLTVLGOPKAAPSYTL
FPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 69)

98COH(T)

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQV
TEVCAATY MMGNELTFLDBSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGT!
YVIDPEPCPDSDEPKSSDKTHTCP

SYEUTQPPSMSVAPGOQTARITCGG
SMNIEDEKNVHWYQOKPGOQAPVLVI
KRDSDRPSGIPERFSGSNSGNTAT
LTISRAQAGDEAEYYCQVWDSST
VVFGGOTKLTVLGQPKAAPSVIL
FPPSSEELOQANKATLVCLISDEYP
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Heavy Chain
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PCPAPEAAGGPSVFLFPPKPKDTL
MISRTPEVTCVYVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWELNGK
EYKCKVSNKALPAPIEKTISKAK
GOPREPOQVYTLPPSREEMTENQV
SLTCLVEGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOOGGNYFSCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGOGGSOVQLOESGPGLVK
PSETLSLTCTVSGGSISSSSYYWG
WIRQPPOGKGLEWIGGIGSVDYSG
NTYYRKPSLESRVTISVDTSENGF
SLKLSSVTAADTAVYHCARHRG]
YFFDYWGQGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEPSNTKVDKRVEP
KSC(SEQ IDNO: 201

GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 69)

97607

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLRQADSOV
TEVCAATY MMGNELTFLDDSICT
GTSSGNOVNLTIOGLRAMDTGL
YICKVELMYPPPY YLGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPEDT
LMISRTPEVTCVVVDVSHEDPEV
KENWYVDGVEVHANAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALPSSIEKTISKAK
GOPREPOVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDESRWOOQGNVFSCSYMHEA
LHNHY TOKSLSLSPGAGGGGSG
GGGSGGGGSQLOLOESGPGLVK
PSETLSLTCTVSGGSISSSSYYWG
WIRQPPGKGLEWIGGIGSVDYSG
NTYYKPSLKSRVTISVDTSKNQF
SLKLSTVTAADTAVYHCARHRGI
YEFDYWGQGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVIVSWNSGALTSGVHTE
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 38)

YYELTQPLSVSVALGQTARIPCGG
NNIENKNVHWYQOKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT

LSINRAQAGDEADYYCQVWDSN

TVIFGGGTKVTVLGOPKAAPSVT

LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVEKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 5)
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Heavy Chain
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97GO7(2)

EPKSSDETHTCPPCPAPPVAGPS
VFLFPPKPEDTLMISRTPEVTCVVY
VDVSHEDPEVKFNWY VDGVEV
HNAKTKPREEQYNSTYRVYSVL
TVLHODWLNGKEYKCAVSNKA
LPSSIEKTISKAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPY
LDSDGSFFLY SKLTVDESRWOO
GNVFSCSYMHEALHNHY TQKSL
SLSPGAGGGGSGGGGSGGGGSO
LOLQESGPGLYKPSETLSLTCTVS
GGSISSSSYYWGWIRQPPGKGLE
WIGGIGSVDYSGNTYYKPSLKSR
VTISVDTSKNQFSLKLSTVTAAD
TAVYHCARHRGIYFFDYWGOGT
LVTVSSASTKGPSVFPLAPSSKST
SGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLOSSGL
YSLSSVVTVPSSSLGTQTYICNVN
HKPSNTKVDKRVEPKSC (SEQ ID
NO: 73)

YYELTQPLSVSVALGQTARIPCGG
NNIENKNVHWYQOKPGQAPVLVI
YRDSNRPSGIPERFSGSNSGNTAT

LSINRAQAGDEADYYCQVWDSN

TVIFGGGTKVTVLGQPKAAPSVT

LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 5)

68F03

AMBEVAQPAVVLASSRGIASFVCE
YASPOGKATEVRVTVLRQADSGY
TEVCAATYMMOGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGT(Q!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVYVDVSHEDPEY
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALPSSIEKTISKAK
GOPREPQVYTLPPSREEMTENGV
SLTCLVEGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQOGNYVFSCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GOOSGGOGSQLOLGESGPGLVK
PSETLSLTCTVSGGSIDTSSQYWA
WIRQPPOGKGLEWIGGIVESGSTY
ONPSLKSRVTTSVDTSKNQFSLR
LSSMTAADTAVYYCARHRGIYFF
DYWGOQGTLVTVSSASTKGPSVEP
LAPSSKSTSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAY
LOSSGLYSLSSVVTVPSSSLGTQT
YICNVNHEPSNTEVDKRVEPKSC

SFELTQPLSVSYALGQTARITCGGH
NIENKNVHYY QQKPGOAPVLVIY
RDTNRPSGIPERFSGSNSGNTATL
TISRAQAGDEADYYCQVWDSNT
VIFGGGTKVTVLGQPKAAPSVTLF
PPSSEELQANKATLVCLISDFYPG
AVTVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSH
KSYSCOVTHEGSTVEKTVAPTEC
S (SEQ ID NO: 41}
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(SEQ ID NO: 42)

84E11

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLROADSQVY
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIOGLRAMDTGL
YICKVELMYPPPY YLGIGNGTQL
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCYVVVDVSHEDPEY
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALPSSIEKTISKAK
GOPREPQVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQOGNVFSCSVMHEA
LHNHY TQKSLSLSPGAGGGGSG
GGGSGGGGSOLOLOESGPGLVK
PSETLSLTCTVSGGSISSGSFYWG
WIRQPPGKGLEWIGTIYYSGSTY
YNPSLKSRVAISVDTSKNQFYLN
LNFVTAADTAVYHCARERSSSW
YPEDYWGQGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPYVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 44)

SSELTODPAVSVALGQTVRITCQG
DSLRNYFANWYQQEPGOAPVLYI
YGKNNRPSGIPDRFSGSSSGNTAS

LTITGAQAEDEADYYUNSRDSSG

YHVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCQVTHEGSTVEKTVAP

TECS (SEQ ID NO: 43)

88806

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQGADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNOVNLTIOGLRAMDTGL
YICKVELMYPPPYYLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPEPKDT
LMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNARKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALPSSIEKTISKAK
GQPREPQVYTLPPSREEMTKNGY
SLTCLVKGFYPSBIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSK
LTVDESRWOQOGNVFSCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGOGGSEYVOLLESGGGLVE
PGGSLRLSCAASGFTFSNY AMS
WVROQAPGKGLEWVSVISGSGDS
TYYAESVKGRFTISRDNSKNTLY

SYELTQPLSVSVALGQTARISCGG
NNIGRKNVHWYQQKPGQAPVLVE
YGDSNRPSGIPERFSGSNSGNTAT
LTIGRAQAGDEADYYCQOVWDSST
VFGGGTKLTVLGQPKAAPSVTLF
PPSSEELQANKATLVCLISDFYPG
AVIVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSH
KSYSCQVTHEGSTVEKTVAPTEC
S (SEQ 1D NO: 51
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LOMTSLRAEDTAEYYCAKDRTP
VYGLDVWGOQGTTVTVSSASTEG
PSVEPLAPSSKSTSGGTAALGCL
VEKDYFPEPVTVSWNSGALTSGY
HTFPAVLQSSGLYSLSSVVTVPRSS
SLOTQTYICNVNHEPSNTKVDKR
VEPESC (SEQ ID NQG: 52)

935B06

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLRQADSOQV
TEVCAATY MMGNELTFLDDSICT
GTSSGNOVNLTIOGLRAMDTGL
YICKVELMYPPPY YLGIGNGTQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPRER
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALPSSIEKTISKAK
GQPREPQVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQGNVFSCSVMHEA
LHNHY TQKSLSLSPGAGGGGSG
GGGSGGGGSEVOLLESGGGLYQ
PGGSLRLSCAASGFTFSSY AMTW
VROAPGKGLEWVSDISGSGGSTK
YADSVKGRFTISRDNPKNTLYLQ
MNSLRAEDTAVYYCAKDLGFYS
TWDTDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDY FPEPVTVSWNSGALTSGY
HTIFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 54)

DMQMTOQSPSSLSASVGDRVTITC

RASQGIRNDLDWYQQKPGKVEK

RLIHAASSLOSGVPSRFSGSGSGT

EFTLTISSLOPEDFVTYYCLOHNT

YPWTFGQGTKLEIKRTVAAPSVFI
FPPSDEQLKSGTASVVCLLNNFYP
REAKVOWKVDNALQSGNSQESY
TEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPYTKSFN
RGEC (SEQ 1D NO: 53)

30102

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSGY
TEVCAATYMMOGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVENKALPSSIEKTISKAK
GOPREPOQVYTLPPSREEMTENGY
SLTCLVEGFYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSK

SYVLTQPLSVSVALGQTARITCGG
NNIGDKNVHWYQOKPGQAPYLY
ISRDSNRPSGIPERFSGSNSGNTAT
LTISRAQAGDESDYYCOVWDSST
VYFGGGTKVTYLGOPKAAPSVTL
FPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 55)
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LTVDESRWOOQGNVFSCSVMHEA
LHNHY TOKSLSLSPGAGGGGSG
GGGSGGGGSQLOLOESGPGLVK
PSETLSLTCTVSGASISSSNHYWG
WOWIRQPPGKGLEWIGSIYYSGN
TYYNPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHRGSY
FFDHWGQGTLYTVSSASTEGPSY
FPLAPSSKSTSGGTAALGCLVKD
YEPEPVTYSWNSGALTSGVHTEP
AVLOQSSGLYSLSSVVTVPSSSLGT
OQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 56)

8512

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMY PPPY Y LGIGNGTOL
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSYFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KENWYVDOVEVHNAKTKPREE
GYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALPSSIEKTISKAK
GOPREPQVY TLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGO
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQOGNVFSCSVMHEA
LHNHYTOKSLSLSPGAGGGGSG
GGGSGGGGSOVQLOOSGPOLVE
PSOTLSLTCAISGDSVSSNSAVW
NWIRQSPSRGLEWLGRTDYRSK
WNNDYAVSVKSRITINPDTSKNQ
FSLOLNSVTPEDTAVYYCARGD
AGMASFDYWGQGTLVTVSSAST
KGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSG
VHTEPAVLOSSGLYSLSSVVTVP
SSSLOTOQTYICNYNHKPSNTKVD
KRVEPKSC (SEQ ID NO: 58)

SSELTQPPSVSVSPGQTASITCSGD
KLGDKYACWYQQKAGQSPVVVI
YODRKRPSGIPERFSGSNSGNTAT
LTISGTQAMDEADYYCQTWDRR

TAVRFGGGTKLTVLGOPKAAPSVT
LFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 57)

83F10

AMHVAQPAVVLASSRGIASFVCE
YASPGEATEVRVTVLRQADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTG!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY

SYELTQPLSVSVALGQTARITCGEO
NMNIENKNVHWYQQOKPGQAPVLVI
KRDSNRPSGIPERLSGSNSGNTAT
LTISRAQAGDEADYYCQVWDSST
VVFGGGTKLTVLGOQPKAAPSVTL
FPPSSEELQANKATLVCLISDFYP
GCAVIVAWKADSSPVKAGVETTT
PSKOSNNEYAASSYLSLTPEQWE
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KENWYVDGVEVHNAKTRPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALPSSIEKTISKAK
GOPREPQVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGGGGSEVQLLESGAGLLK
PSETLSLTCAVYGGSFSDYYWS
WIRQPPGKGLEWIGEINHSGSTN
YNPSLKSRVTISYDTSKNQFSLKL
SSVTAADTAVYYCARKRGANFF
DEWGQGTLVTVSSASTEGPSVEP
LAPSSKSTSGGTAALGCLVEDYF
PEPVTVSWNSGALTSGVHTFPAY
LOSSGLYSLSSYVTVPSSSLGTQT
YICNVNHKPSNTKVDKRVEPKSC
(SEQ ID NO: 60)

SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ 1D NO: 59)

CTLA4 anti
OX40L fusion 4

AMHVAQPAVVLASSRGIASFVCE
YASPGEKATEVRVTVLRQADSQV

TEVCAATYMMGNELTFLDDSICT

GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTO!
Y VIDPEPCPDSDQEPKSSDKTHTS
PPSPAPELLGGSSVFLFPPKPKDT
LMISRTPEVTCVYVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQODWLNG
KEYKCKVSNKALPAPIEKTISKA
KGOQPREPQVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQQGNVFSCSVMHE
ALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSEVQLLESGGGLY
QPGGSLRLSCAASGFTFNSY AMS
WYRQAPGKGLEWVSUSGSGGFT
YYADSVKGRFTISRDNSRTTLYL
OMNSLRAEDTAVYYCAKDRLV
APGTFDYWGQGALVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSG
VHTFPAVLOQSSGLYSLSSVVTVP
SSSLGTOTYICNVNHKPSNTKYD
KRVEPKSC (SEQ 1D NO: 37)

DIQMTQSPSSLSASVGDRVIITCR
ASQGISSWLAWYQQKPEKAPKSL
TY AASSLQSGVPSRFSGSGSGTDF
TLTISSLOPEDFATYYCQOQYNSYP
YTFGOGTKLEIKRTVAAPSVFIFPP
SDEQLKSGTASVVCLLNNFYPRE
AKVOWKVDNALQSGNSQESYTE
QDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRG
EC (SEQ 1D NO: 35)
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Heavy Chain Light Chain
Larsen MHVAQPAVVLASSRGIASFVCEY | SSELTQPLSVSVALGQTARMTCG

Yariant_67B06

ASPGEYTEVRVTVLRQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPY YEGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KENWYVDGVEVHNAKTKPRER
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPQVY TLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNG
OPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQGNVESCSVMHE
ALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSOLQLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YEFDIWGLGTLYVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVE
DYFPEPVIVSWNSGALTSGVHTE
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEKPSNTKVDKRVEP
KSC (SEQ ID NO: 256)

GSDIENKNVHWY QOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Xu Variant
i 67TBOS

MHVAQPAVVLASSRGIASFVCEY
ASPGKHTEVRVIVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSOGNQVNLTIOGLRAMDTGL
YICMVEKMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTEKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPQVYTLPPSREEMTKNG
VSLUTCLVKGEFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KETVDKSRWQQONVFSCSVMHE
ALHNHYTOKSLSLSPGAGGGES
GGGGSGGGGSQLOLQESGGPGL
VEPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGES
LKLTSVTAADTAVYYCARHRGS

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQQKPGQAPYVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLUTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISBFY
PGAVTIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 633
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Heavy Chain

Light Chain

YEFDIWGLGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK

DYFPEPVTVSWNSGALTSGVHTE
PAVLOSSGLY SLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NQ: 257)

Xu Variant
2 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVIVLROADSGVT
EVCAANY MMGNEGTFLDDSICT
GTSSGNQVNLTIGGLRAMDTGL
YICMVERMY PPPYYLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
GYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPOVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSYMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLQESGGIGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOQGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVIVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 258)

SSELTOPLSVSVALGQTARMTCG
GSDIENENVHWYQOQREPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELOQANKATLVCLISDFY
PGAVTIVAWKADSSPVKAGVETT
TPSKOSNNEYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ 1D NO: 63)

Xu Variant
3 67B06

MHYAQPAVVLASSRGIASFVCEY
ASPGETTEVRVTVLROADSQVTE
VCAANYMMGONEGTFLDDSICTG
TSSGNOVNLTIOGLRAMBDTGLYL
CMVEKMYPPPYYLGIGNGTQIY
VIDPEPCPDSDQEPKSSDKTHICP
PCPAPPVAGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVYSVLTIVLHOQDWLNGK
EYKCAVSNKALAAPIEKTISKAK
GOPREPOQVYTLPPSREEMTENGVY
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVBESRWOOQGNVESCSVMHEA

SSELTQPLSVSVALGQTARMTICG

GSDIENKNVHWYQQKPGQAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOQPKAAPSY

TLEPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHEKSYSCOVTHEGSTVEKTVAP

TECS (SEQ 1D NO: 63)
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Heavy Chain

Light Chain

LHNHYTGKSLSLSPGAGGGGSG
GGGSGGGGSOLOLOESGGPGLY
KPSETLSLTCSVSGGSISTSSY YW
GWIRQPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNOFSL
KLTSYTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVED
YEPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTK VDKRVEP
KSC (SEQ ID NO: 259)

Xy Variant
4 87806

MHYAQPAVVLASSRGIASFVCEY
ASPGEWTEVRVTVLROADSQVT
EVCAANYMMOGNEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICMVEKMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KINWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLIVLHQDWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOQPREPQVYTLPPSREEMTING
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFEFLYS
KLTVDRKSRWQOOGNVEFSCSVMHE
ALHNHYTQESLSLSPGAGGGGS
GGGGSGGGGSOLOQLOESGGPGL
VEPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQES
LEKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVE
DYFPEPVTVSWNSGALTSGVHTF
PAVLGSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NG 260)

SSELTQPLSVSVALGQTARMTCG

GSDIENKNVHWYQQKPGQAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOQPKAAPSY

TLEPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCOVTHEGSTVEKTVAP

TECS (SEQ 1D NO: 63)

Xu Variant
3 67BOS

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVIVLROQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSONQVNLTIOGLRAMDTGL
YICMVEKMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPYAGPSVFLFPPRKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTEKPREE

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOKPGQAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISBFY
PGAVIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
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Heavy Chain

Light Chain

QYNSTYRVVSVLTVLHOQDWLNG
KEVKCAVSNKALAAPIEKTISKA
KGOQPREPOVYTLPPSREEMTENG
VSLTCLVEGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOOQGNVFSCSVMHE
ALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSOLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVE
DYFPEPVTVSWNSGALTSGVHTE
PAVLGSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 261)

TECS (SEQ 1D NO: 63}

Xuo Variant
6 67BO6

MHVAQPAVVLASSRGIASFVCEY
ASPGKHTEVRVTVLRQADSOVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNQVNLTIOGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPYVAGPSYFLEPPRKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNEKALAAPIEKTISKA
KGOPREPGVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQOGNVFSCSVMHE
ALHNHYTOKSLSLSPGAGGGGS
GGGGSGGGGRQLOLQESGAGPGL
VEPSETLSLTCSVSGGSISTSSYY
WOWIROPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 262)

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOKPGOQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELGANKATLVCLISDFY
PGAVTIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63}

Xu Variant
7 67B06

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLRQADSQVT
EVCAAYYMMOGNEGTFLDDSICT

SSELTOQPLSVSYVALGOTARMTICG
GSDIENKNVHWYQQKPGQAPVL
VIHRDNNRPSGIPERFSGANSGNT
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Heavy Chain

Light Chain

GTSSGNQVNLTIOGLRAMDTGL
YICQVEKMY PPPY YLGIGNGTO!
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSVELEPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
OYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPOVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
GPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQOGNVFSCSVMHE
ALHNHYTOKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOESGGPGL
VEKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQES
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLYVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 263)

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVIVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63}

Xu Variant
8 67B06

MHVAQPAVVLASSRGIASFVCEY
ASPGKTTEVRVTVLROADSOVTE
VCAAYYMMGNEGTFLDDSICTG
TSSGNQVNLTIQGLRAMDTGLYT
COVEKMY PPPY YLGIGNGTQIYV
IDPEPCPDSDOEPKSSDE THTCPP
CPAPPYAGPSVFLEPPKPKDTLME
SRTPEVTCVVVDVSHEDPEVKFN
WY VDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWINGKEY
KCAVSNKALAAPIEKTISKAKGO
PREPGVY TLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPYVLDSDGSEFLYSKLT
VDKSRWOQGNVFSCSVMHEAL
HNHYTOKSLSLSPGAGGGGSGS
GGSGGGGSQLOLOESGGPGLVE
PSETLSLTCSVAGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLEK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTEPA

SSELTOPLSVSVALGQTARMTICG

GSDIENKNVHWYQQKPGOAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY

TLEPPSSEELQANKATLVCLISDRY
PGAVTVAWKADSSPYKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCOVTHEGSTVEKTVAP

TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ ID NO: 264)

Xu Variant
9 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLRQADSOVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCYVVYDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSYLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNG
VSLTCLVEGFYPSDIAVEWESNG
OQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQOGNVFSCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQOLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQFS
LKLTSYTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ D NO: 263)

SSELTQPLSVSVALGOTARMICG
GSDIENKNVHWYQQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLEPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPYKAGVETT
TPSKOSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Xu Variant
10 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVIVLRQADSQVT
EVUCAAYYMMGNEGTFLBDSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPYVAGPSYVFLFPPRPKDT
LMISRTPEVTICVVVDVYSHEDPEV
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPYVLDSDGSFFLYS
KETVDEKSRWQQGNVESCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGOGGGSQLOLQESGGPGL
VEPSETLSLTCSVSGGSISTSSYY

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGOAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELGANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

WGWIRQPPGEGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQFS
LKLTSYTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPYTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ D NO: 266)

Xu Variant
11 67806

MHVAGPAVVLASSRGIASFVCEY
ASPGKHTEVRVTIVLRQADSOVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTOQ!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQGNVFSCSVMHE
ALHNHY TOKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVIAADTAVYYCARHRGS
YEREDIWGLGTLYVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 267)

SSELTQPLSVSVALGQTARMICG
GSDIENKNVHWY QOKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Xu Vanant
12 67B06

MHVAQPAVVLASSRGIASFVCEY
ASPGEETEVRVTVLRQADSQVT
EVCAAYYMMONEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICOVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVYDVSHEDPEY
KINWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLIVLHODWLNG

SSELTOPLSVSVALGOTARMICG
GSDIENKNVHWYQQKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADY YCOVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLEPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKOQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
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Heavy Chain

Light Chain

KEYKCAVSNEALAAPIEKTISKA
KGOPREPOVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQGNVFSCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNOFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDERVEP
KSC (SEQ ID NO: 268)

TECS (SEQ 1D NO: 63}

Xu Variant
13 67B06

MHVAQPAVVLASSRGIASFVCEY
ASPGKTTEVRVTVLRQADSQVTE
VCAAYYMMGNEGTFLDDSICTG
TSSGNQVNLTIQGLRAMDTGLY!
COVEKMYPPPYYLGIGNGTQIYV
DPEPCPDSDOEPKSSDETHTCPP
CPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEY
KCAVSNKALAAPIEKTISKAKGQ
PREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPYLDSDGSFFLYSKLT
VDKSRWOQQGNYESCSVMHEAL
HNHY TQKSLSLSPGAGGGGSGG
GGSGGGGSQLOLOESGGPGLVE
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLQGRATISVDTSKNQFSLE
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLYTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ 1D NO: 269)

SSELTOPLSVSVALGOTARMICG

GSBDIENKNVHWYQQKPGQAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY

TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKOSNNKYAASSYLSLTPEQW

KSHESYSCQVTHEGSTVEKTVAP

TECS (SEQ ID N 63)

Xu Variant
14 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLROADSQVT
EVUCAAYYMMGNEGTFLBDSICT
GTASOGNOVNLTIOGLRAMDTGL

SSELTQPLSVSVALGQTARMYICG
GSDIENKNVHWYQOKPGQAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
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Heavy Chain

Light Chain

YVICOVEKMY PPPY Y LGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPYAGPSVFLEPPKPKDT
LMISRTPEVICYVVYDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTENG
VSLTCLVEGFYPSDIAVEWESNG
OPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQOQGNVFSCSVMHE
ALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLGSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 270)

NIVVFGGGTKLTVLGOPKAAPSY

TLEPPSSEELQANKATLVCLISDRY
PGAVTVAWKADSSPYKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCOVTHEGSTVEKTVAP

TECS (SEQ ID NO: 63)

Xu Variant
i3 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVIVLRQADSQVT
EVUCAAYYMMGNEGTFLBDSICT
GTSSOGNQVNLTIQGLRAMDTGL
YICQVERKMYPPPYYLGIGNGTOI
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSVEFLEPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVESVLTVLHQDWLNG
KEYKCAVSNEALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
CPENNYKTTPPVLIDSDGSFFLYS
KETVDKSRWQQGNVESCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLQESGGPGL
VEPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGRIYYSGS
TYYRPSLOGRATISVDTSKNGFES
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLEVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVAWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGOAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDEY
PGAVIVAWKADSSPVKAGVETT
TPSKQOSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

TQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 271)

Xu Vanant
i6 67BO6

MHVAGPAVVLASSRGIASFVCEY
ASPGKHTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICGVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSYFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQQGNVFSCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLQESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLQGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLYTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHK PSNTKVDKRVEP
KSC (SEQ 1D NO: 272)

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGOAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63}

Xu Varant
17 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLROADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGT(
YVIDPEPCPDSDOQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KOQPREPOQVYTLPPSREEMTENQG
VSLTCLVEGEFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KETVDKSRWOQOQONVESCSVMHE
ALHNHYTQKSLSLSPGAGGGGS
GOOGSGGGGSQLOLQESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGEGLEWSGSIYYSGS

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKOSNNKY AASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

TYYRPSLOGRATISVDTSKENGFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLYTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOQSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 273)

Xu Vanant
i8 67806

MHAVAQPAVVLASSRGIASFVCEY
ASPGKTTEVRVTVLRQADSQVTE
VCAANYMMGNEGTFLDDSICTG
TSSGNQVNLTIQGLRAMDTGLY]
CQVEKMYPPPYYLGIGNGTOIYV
IDPEPCPDSDOEPKSSDETHTCPP
CPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKEN
WY VDGVEVHNAKTKPREEQGYN
STYRVVSVLTVLHODWLNGKEY
KCAVSNKALAAPIEKTISKAKGQ
PREPQVY TLPPSREEMTKNQVSL
TCLVEGFYPSDIAVEWESNGOPE
NNYKTTPPYLDSDGSFFLYSKLT
VDKSRWOQGNYESCSVMHEAL
HNHY TQKSLSLSPGAGGGGSGG
GGSGGGGSOLOLOESGGPGLYK
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLE
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVEDY
FPEPVTVSWNSGALTSGVHTEPA
VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ ID NO: 274)

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQQKPGQAPVL,
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKOSNNKY AASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Xu Vananot
19 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLROADSQVT
EVCAANYMMOGNEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICQVEEMYPPPYYLGIGNGTOI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPRDT
LMISRTPEVTCVVVDVSHEDPEV
KEFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOQPREPQVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGQAPYL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADY YCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELGANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHESYSCOVTHEGSTVEKTVAP
TECS (SEQ 1D NO: 63)
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Heavy Chain

Light Chain

QPENNY R TTPPVLDSDGSFFLYS
KLTVDKSRWQOGNVFSCSVMHE
ALHNHYTOKSLSLSPGAGGGGS
GGGGSGGGGSOLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YEFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPYVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEPSNTKVDKRVEP
KSC (SEQ 1D NO: 275)

Ku Vanant
20 678B0s

MHVAGQPAVVLASSRGIASFVCEY
ASPGKYTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNOVNLTIOGLRAMDTGL
YICOVEKMYPPPYYLGIGNGTOQI
YVIDPEPCPDSDOQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREPQVY TLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQGNVFSCSVMHE
ALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSOLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YEEDIWGLGTLYTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVE
DYFPEPVIVSWNSGALTSGVHTE
PAVLOQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 276)

SSELTQPLSVSVALGQTARMICG
GSDIENKNVHWY QOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADY YCOVRDS
NIVVFGGGTKLTVLGOPKAAPSV
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKEAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ 1D NO: 63)

Bemett Vanant
i 67806

MHVAQPAVVLASSRGIASFVEEY
ASPGKHTEVRVTVLROADSGVT
EVCFANYYMGNELTFDDDSICTG
TSSGNQVNLTIGGLRAMDTGLY!
COVELMYPPPYYEGIGNGTQOIYY
IDPEPCPDSD
QEPKSSDETHTCPPCPAPPVAGP

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQOPKAAPSY
TLFPPSSEELOQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
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Heavy Chain

Light Chain

SVYFLFPPKPKDTLMISRTPEVTICY
VYDVSHEDPEVKENWYVDGVE
VHNAKTKPREEQYNSTYRVVSY
LTVLEHODWLNGKEYKCAVSNK
ALAAPIEKTISKAKGOPREPQVY
TLPPSREEMTKNOQVSLTCLVKGF
YPSDIAVEWESNGQPENNYKTIP
PYLDSDGSFFLYSKLTVDKSRW(G
GGNVFSCSYMHEALHNHYTQKS
LSLSPGAGGGGSGGGGSGGGES
QLOQLOESGGPGLVKPSETLSLTC
SVSGGSISTSSYYWGWIR(QPPGK
GLEWSGSIYYSGSTYYRPSLOGR
ATISVDTSENQFSLELTSVTAAD
TAVYYCARHRGSYFFDIWGLGT
LVTIVSSASTKGPSVEPLAPSSKST
SGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLOSSGL
YSLSSVVTIVPSSSLGTQTYIONVN
HEPSNTEVDKRVEPKSC (SEQ 1D
NG: 27

TPSKOQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Bernett Variant
2 67806

MHVAQPAVYLASSRGIASFVCEY
ASPGRKETEVRVTVLRQADSQVT
EVCFANYYMOGNELTFDDDSICTG
TSSGNOVNLTIQGLRAMDTGLYL
COVELMYPPPYVYEGIGNGTQIYV
IDPEPCPDSD
QEPKSSDKTHTCPPCPAPPVAGP
SYFLFPPKPKDTLMISRTPEVTICY
VVDVSHEDPEVKENWYVDGVE
VHNAKTKPREEQYNSTYRVVEY
LTVEHODWLINGKEYKCAVSNK
ALAAPIEKTISKAKGQPREPQVY
TLPPSREEMTKNOQVSLTCLVKGF

PVLDSDGSFFLYSKLTVDKSRWQ
QONVEFSCSVMHEALHENHYTQKS
LSLSPGAGGGGSGGEESGGGES
QLOLOQESGGPGLVKPSETLSLTC
SVSGGSISTSSYYWGWIRQPPGK
GLEWSGSIYYSGSTYYRPSLQGR
ATISVDTSENQFSLEKLTSVTAAD
TAVYYCARHRGSYFFDIWGLGT
LVTVSSASTKGPSVFPLAPSSKET
SGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGL
YSLSSVVIVPSSSLGTQTYICNVN
HEPSNTEVDKRVEPESC (SEQ ID

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADY YCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

NO: 278)

Bemett Vanand
3 67BOS

MHYVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLRQADSQVT
EVCFANYYMGNELTFDDDSICTG
TSSGNQVNLTIOGLRAMDTGLY!
CQVELMYPPPYYEGIGNGTQIYV
IDPEPCPDSD
QEPKSSDKTHTCPPCPAPPVAGP
SVFLFPPKPKDTLMISRTPEVTCY
VVDVSHEDPEVEFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSV
LTVLHODWLNGKEYKCAVSNK
ALAAPIEKTISKAKGQPREPQVY
TLPPSREEMTKNGVSLTCLVKGF
YPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSYMHEALHNHYTQKS
LSLSPGAGGGGSGGGGSGGGGS
QLOLOESGGPGLVKPSETLSLTC
SVSGGSISTSSY Y WGWIRQPPGK
GLEWSGSIYYSGSTYYRPSLOGR
ATISVDTSKNOFSLKLTSVTAAD
TAVYYCARHRGSY FFDIWGLGT
LVTVSSASTKGPSVFPLAPSSKST
SGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVN
HKPSNTKVDEKRVEPKSC (SEQ ID
NO: 279)

SSELTOPLSVSVALGOTARMTCG
GSDIENKNVHWYQQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Bemett Vanang
4 67B06

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVTVLROADSQVT
EVCFANYYMGNELTFBDDSICTG
TSSOGNQVNLTIQGLRAMDTGLY]
CQVELMYPPPYYEGIGNGTQIYV
IDPEPCPDSD
QEPKSSDKTHTCPPCPAPPVAGP
SVFLFPPKPKDTLMISRTPEVTCY
VVDVSHEDPEVKEFNWYVDGVE
VHNAKTKPREEQYNSTYRYVVSY
LIVEHOQDWLNGKEYKCAVSNK
ALAAPIEKTISKAKGQPREPQVY
TLPPSREEMTENQVSLTCLVKGF
YPSDIAVEWESNGOPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQ
QGNVESCSYMHEALHNHYTQKS
LSLSPGAGGGORGGGGSGGEGS
QLOLQESGGPGLVKPSETLSLTC
SVSGGSISTSSYYWGOGWIRQPPGE

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKOSNNKY AASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

GLEWSGSIYYSGSTYYRPSLQGR
ATISVDTSKNQFSLKLTSVTAAD
TAVYYCARHRGSYFFDIWGLGT
LYTYSSASTKGPSVEFPLAPSSKST
SGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLOGTQTYICNVN
HEKPSNTEVDKRVEPKSC (SEQ 1D
NO: 280}

Bernett Variant
5 67BO6

MHVAGPAVVLASSRGIASFVCEY
ASPGKHTEVRVTIVLRQADSOVT
EVCFANYYMGNELTFEDDSICTG
TSSGNQVNLTIQGLRAMDTGLY!
COVELMYPPPYYEGIGNGTQIYV
IDPEPCPDSDQEPKSSDKTHTCPP
CPAPPVAGPSVFLFPPEPKDTLMI
SRTPEVICVYVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYN
STYRVYSVLTVLHODWLNGKEY
KCAVSNKALAAPIEKTISKAKGO
PREPQVYTLPPSREEMTENQVSL
TCLYKGFYPSDIAVEWESNGOQPE
NNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOQGNVFSCSYMHEAL
HNHY TOKSLSLSPGAGGGGSGG
GGSGGGGSOLOLOQESGGPGLVK
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIVYSGSTY
YRPSLOGRATISVDTSKNQFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLYKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ 1D NO: 281)

SSELTQPLSVSVALGQTARMICG
GSDIENKNVHWY QOKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Bemett Variant
6 67806

MHEVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLRQADSQVT

EVCFANYYMGNELTFEDDSICTG
TSSGNQVNLTIQGLRAMDTGLY!
COVELMYPPPYYEGIGNGTQIYV
{DPEPCPDSDOEPKSSDETHTCP?

CPAPPVAGPSVFLFPPKPKDTEMI
SRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYN

STYRVVSVLTVLHODWLNGKEY
KCAVSNKALAAPIEKTISKAKGQ
PREPOVYTLPPSREEMTKNOQVSL

SSELTQPLSVSYALGOTARMTICG
GSDIENKNVHWYQQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

TCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOQGNVFSCSVMHEAL

HNHYTQKSLSLSPGAGGGGSGG

GGSGGGGSQLOLGESGGPGLVK

PSETLSLTCSVSGOGSISTSSYYWG
WIRQPPGEGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLK

LTSVTAADTAVYYCARHRGSYF

FDIWGLGTLVTVSSASTKGPSVE

PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VEOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHEPSNTKVDKRVEPKS
C(SEQ ID NO: 282)

Bemett Variant
7 67806

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLROADSQVT
EVCFANYYMGNELTFEDDSICTG
TSSGNQVNLTIQGLRAMDTGLY!
CQVELMYPPPYYEGIGNGTQIYV
IDPEPCPDSDQEPKSSDETHTCPP
CPAPPYVAGPSVFLFPPKPKDTLME
SRTPEVTCVVVDVSHEDPEVKEN
WY VDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHODWLNGKEY
KCAVSNKALAAPIEKTISKAKGQ
PREPQVYTLPPSREEMTENGVSL
TCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVESCSVMHEAL
HNHY TOKSLSLSPGAGGGGSGG
GGSGGGGSOLOLOESGGPGLVK
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLQGRATISVDTSKNQFSLE
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLYTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTKVDKRVEPKS
C (SEQ ID NO: 283)

SSELTQPLSVSYALGOTARMICG

GSDIENKNVHWYQOQKPGOAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY

TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCQVTHEGSTVEKTVAP

TECS (SEQ ID NO: 63)

Bernett Variant
8 57BO6G

MHVAQPAVYLASSRGIASFVCEY
ASPGRYTEVRVTVLRQADSQVT
EVCFANYYMGNELTFEDDSICTG
TSSGNOVNLTIOGLRAMDTGLYL
COVELMYPPPYVYEGIGNGTOIYV
IDPEPCPDSDOEPKSSDKTHTCPP

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAGAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLYCLISDEY
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Heavy Chain

Light Chain

CPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFN
WY VDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHODWLNGKEY
KCAVSNKALAAPIEKTISKAKGO
PREPQVYTLPPSREEMTKNGQVSL
TCLVKGFYPSDIAVEWESNGGQPE
NNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOQOGNYESCSVMHEAL
HNHY TOKSLSLSPGAGGGGSGG
GGSGGGGSOLOLOESGGPGLVK
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLE
LTSVTAADTAVYYCARHRGSYFE
FDIWGLGTLYTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVEKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ ID NG: 284)

PGAVTVAWKADSSPVKAGVETT
TPSKOSNNKY AASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

(Oshima
Vartant 67806

MHVAGPAVVLASSRGIASFVCEY
ESPGKANEIRVIVLRQADSOVTE
VCAMTY MKEDELTFLDDPSCTG
TESGNOVNLTIOGLRAMDTGLY!
CKVELMYPPPYYEGIGNGTQIYV
IDPEPCPDSDQEPKSSDK THTCPP
CPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVICVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEY
KCAVSNKALAAPIEK TISKAKGO
PREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLT
VDESRWOQGNVESCSYMHEAL
HNHYTQKSLSLSPGAGGGGSGG
GGSGGGGSOLOLOESGGPGLVK
PSETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTEGPSVE
PLAPSSKSTSGGTAALGCLYKDY
FPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ D NO: 285)

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADY YCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

Douthwatte
Yartant
i 67B06

MHVAGQPAVVLASSRGRASFVCE
YTNPSKATEVRVTVLROADSGY
TEVCAATY MKGNEATFLDDSICT
GTASGNOVNLTIRGLRAQDTGL
YICOVELMYPPPY YLGIGNGTQI
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KENWYVDGVEVHNAKTKPRER
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPQVY TLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNG
OPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOQGNVESCSVMHE
ALHNHY TQKSLSLSPGAGGGGS
GGGGSGGGGSOLQLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YEFDIWGLGTLYVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVIVSWNSGALTSGVHTE
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEKPSNTKVDKRVEP
KSC (SEQ ID NO: 286)

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWY QOKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Douthwaite
Variant
2 67806

MITVAQPAVVLASSVGRASFVCE
YTNPSKATEVRVTVLRQADSQV
TEVOAATYMEKGNEATFLDDSICT
GTASGNQVNLTIRGLRAODTGL
YICQVELMY PPPY Y LGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KENWYVDOVEVENAKTKPREE
GYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPOVYTLPPSREEMTENG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVEFSCSVMHE
ALHNHYTOKSLSLSPGAGGGGS
GGGGSGGGGSOLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIVYSGS
TYYRPSLOQGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQOPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)
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Heavy Chain

Light Chain

YEFDIWGLGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK

DYFPEPVTVSWNSGALTSGVHTE
PAVLOSSGLY SLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 257)

Douthwaite
Variant
3 57B06

MHVAQPAVVLASSRGRASFVCE
YTNPSKATEVRVTVLROQADSQV
TEVCAATYMKGNEGTFLDDSICT
GTASGNQVNLTIRGLRAQDTGL
YICQVELMY PPPYYLGIGNGTO!
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
GYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREPOVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSYMHE
ALHNHYTQKSLSLSPGAGGGGS
GGGGSGGGGSQLOLQESGGIGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOQGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVIVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 288)

SSELTOPLSVSVALGQTARMTCG
GSDIENENVHWYQOQREPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOPKAAPSY
TLFPPSSEELOQANKATLVCLISDFY
PGAVTIVAWKADSSPVKAGVETT
TPSKOSNNEYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ 1D NO: 63)

Douthwaite
Vartant
4 67806

MHVAQPAVVLASSVGRASFVCE
YTNPSKATEVRVIVLRQADSQV
TEVCAATYMKGNEGTFLDDSICT
GTASGNOVNLTIRGLRAQDTGL
YICOVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KINWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLING
KEYKCAVSNKALAAPIEKTISKA
KGOQPREPQVYTLPPSREEMTING
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFEFLYS
KLTVDESRWOQOQOGNVESCSVMHE

SSELTQPLSVSVALGQTARMTICG

GSDIENKNVHWYQQKPGQAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOQPKAAPSY

TLEPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHEKSYSCOVTHEGSTVEKTVAP

TECS (SEQ 1D NO: 63)
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Heavy Chain

Light Chain

ALANHYTOKSLSLSPGAGGGGS
GGGGSGGGGSOLOLOESGGPGL
VKPSETLSLTCSVSGGSISTSSYY
WGWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTVSSASTKGPS
VEFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTE
PAVLOSSGLYSLSSVVIVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 289)

Douthwaite
Vartant
5 67806

MHVAQPAVVLASSRGRASFVCE
YTNPSKATEVRVTVLROADSQV
TEVCAATYMKGNEATFLDDSICT
GTASGNQVNLTIRGLRASDTGLY
ICOVELMYPPPY YLGIGNGTQIY
VIDPEPCPDSDOEPKSSDK THTCP
PCPAPPVAGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGK
EYKCAVSNKALAAPIEKTISKAK
GOPREPQVYTLPPSREEMTENQY
SLTCLVEGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQOQUGNVFSCSVMHEA
LHNHY TQKSLSLSPGAGGGGSG
GGGSGGGGSQOLOLGESGGPGLY
KPSETLSLTCSVSGGSISTSSYYW
GWIRQPPGKGLEWSGSIYYSGST
YYRPSLQGRATISVDTSKNQFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSV
FPLAPSSKSTSGGTAALGCLVKD
YEPEPVTVSWNSGALTSGVHTEP
AVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NG: 290)

SSELTQPLSVSVALGQTARMTCG

GSDIENKNVHWYQQKPGQAPVL

VIHRDNNRPSGIPERFSGSNSGNT

ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGOQPKAAPSY

TLEPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT

TPSKQSNNKYAASSYLSLTPEQW

KSHKSYSCOVTHEGSTVEKTVAP

TECS (SEQ 1D NO: 63)

Douthwaite
Variant
6 57806

MHYAQPAVVLASSYGRASEFVCE
YTNPSKATEVRVIVLROQADSQV
TEVCAATYMKGNEATFLBDSICT
GTASGNQVNLTIRGLRASDTGLY
ICQVELMYPPPYYLGIGNGTQLY
VIDPEPCPDSDQEPKSSDETHIC?P
PCPAPPVAGPSVFLEPPKPRDTL

SSELTQPLSVSYALGOTARMTICG
GSDIENKNVHWYQQKPGOAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPYKAGVETT
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Heavy Chain

Light Chain

MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAK TKPREEQ
YNSTYRVVSVLTVLHQDWLNGK
EVKCAVSNKALAAPIEKTISKAK
GOPREPOVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDESRWOOQGNVFSCSYMHEA
LHNHY TQKSLSLSPGAGGGGSG
GGGSGGGGSOLOLOESGGPGLY
KPSETLSLTCSVSGGSISTSSYYW
GWIRQPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNOFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLYKD
YEPEPVIVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLGT
OTYICNVNHKPSNTK VDKRVEP
KSC (SEQ ID NG: 251)

TPSKOQSNNKYAASSYLSLTPEQW
KSHKSYSCQVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Douthwaite
Variant
7 _57BO6G

MHVAQPAVVLASSRGRASFVCE
YTNPSKATEVRVTVLRQADSQV
TEVCAATYMKGNEGTFLDDSICT
GTASGNQVNLTIRGLRASDTGLY
ICOVELMY PPPYYLGIGNGTOIY
VIDPEPCPDSDOQEPKSSDKTHTCP
PCPAPPVAGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSYLTVLHODWLNGK
EYKCAVSNKALAAPIEKTISKAK
GOPREPQVY TLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQQGNVFSCSYMHEA
LHNHY TQKSLSLSPGAGGGGSG
GGGSGGGGSOLGLORSGGPGLY
KPSETLSLTCSVSGGSISTSSYYW
GWIRQPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNQFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVED
YFPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLGT
OTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 292}

SSELTQPLSVSVALGQTARMTCG
GSDIENKNVHWYQOQKPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQOPKAAPSY
TLFPPSSEELOQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETT
TPSKOSNNEYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ 1D NO: 63)

Douthwaite

MHVAQPAVVLASSVGRASFVCE

SSELTOQPLSVSVALGOQTARMTCG
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Heavy Chain

Light Chain

Variant
8 657BO6

YTNPSKATEVRVTVLRQADSOV
TEVCAATYMEGNEGTFLDDSICT
GTASGNQVNLTIRGLRASDTGLY
ICQVELMY PPPY YLGIGNGTQIY
VIDPEPCPDSDQEPKSSDKTHTCP
PCPAPPVAGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVK
FNWY VDGVEVHNAK TKPREEQ
YNSTYRVVSVLTYLHODWLNGK
EYKCAVSNKALAAPIEKTISKAK
GOPREPQVY TLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGAGGGGSG
GGGSGGGGSOLOLOESGGPGLY
KPSETLSLTCSVSGGSISTSSY YW
GWIRQOPPGKGLEWSGSIYYSGST
YYRPSLOGRATISVDTSKNOFSL
KLTSVTAADTAVYYCARHRGSY
FFDIWGLGTLVTVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVED
YEPEPVTVSWNSGALTSGVHTFP
AVLOSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 293)

GSDIENKNVHWYQOQEPGQAPVL
VIHRDNNRPSGIPERFSGSNSGNT
ATLTISRAQGAGDEADYYCQVRDS
NIVVFGGGTKLTVLGQOPKAAPSY
TLFPPSSEELQANKATLVCLISDFY
POGAVTVAWKADSSPVKAGVETT
TPSKOSNNEYAASSYLSLTPEQW
KSHKSYSCOVTHEGSTVEKTVAP
TECS (SEQ ID NO: 63)

Larsen
Vanant 89B(9

MHVAQPAVVLASSRGIASFVCEY
ASPGEYTEVRVTVLRQADSQVT
EVCAATYMMGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMITGL
YICKVELMYPPPYYEGIGNGTO!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMBDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VETVEHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOWIRQPPGKGLEWSGSIYYS
GSTYYRPSLQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWYQQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOQPKAAPSYT

LEPPSSEELGANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT

PSKQSNNEKYAASSYLSLTPEGWEK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67)
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Heavy Chain

Light Chain

PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HIFPAVLOSSGLYSLSSYVTVPSS
SLGTOTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 294)

XKu Variant
1 89B09

MHVAQPAVVLASSRGIASFVCEY
ASPGKHTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
VICMVEKMYPPPY YLGIGNGTO!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEV
RVTVLROQADSQVTEVCAATYM
MGNELTFLDDSICTGTS3GNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIY VIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSYFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCAVSN
KALAAPIEKTISKAKGOPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIROPPGKGLEWSGSIYYS
GSTYYRPSLOQGRATISVDTSKNGQ
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDY FPEPVTVSWNSGALTSGY
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ 1D NO: 295)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWY QQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGQPKAAPSYT
LEPPSSEELGANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67))

Xu Variant
2 89BOY

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLROADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICMVEKMYPPPYYLGIGNGTOE
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFYCEYASPGKATEV
RVTVLRQADSQVTEVCAATYM
MONELTFLDDSICTGTSSGNGQVN
LTIQGLRAMDTGLYICKVELMYP
PRYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVELFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGEEYKCAVSN

SSELTODPAVSVALGOTVRITCQG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT

LEPPSSEELOQANKATLVCLISDEYP
GAVTVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCQOVTHEGSTVEKTVAPT

ECS (SEQ IB NO: 67))
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Heavy Chain

Light Chain

KALAAPIEKTISKAKGOPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIROPPGKGLEWSGSIYYS
GSTYYRPSLOQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDY FPEPYVTVSWNSGALTSGY
HIFPAVLQSSGLYSLSSVVTVPSS
SLGTOTYICNYVNHKPSNTKVDKR
VEPKSC (SEQ 1D NO: 296)

Xu Variant
3 89BGY

MHVAQPAVVLASSRGIASFVCEY
ASPGKTTEVRVTVLRQADSQVTE
VCAANYMMONEGTFLDDSICTG
TSSONQVNLTIQGLRAMDTGLY]
CMVEKMYPPPYYLGIGNGTOY
VIDPEPCPDSDAMHVAQPAVVL
ASSRGIASFVCEYASPGKATEVR
VIVLRQADSQVTEVCAATYMM
GNELTFLDDSICTGTSSGNQVNL
TIQGLRAMDTGLYICKVELMYPP
PYYLGIGNGTOIY VIDPEPCPDSD
QEPKSSDKTHTCPPCPAPPVAGE
SYFLFPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKENWYVDGVE
VHNAKTKPREEQYNSTYRVVSV
LTVLHODWLNGEEYKCAVSNK
ALAAPIEKTISKAKGQPREGPGL
VEPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGOLGTLVTVSSASTRGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 2973

SSELTODPAVSVALGOQTVRITCQG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT

LEPPSSEELQANKATLVCLISDEYP
GAVTVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCQOVTHEGSTVEKTVAPT

ECS (SEQ ID NQ: 67))

Xu Variant
4 39B09

MHVAQPAVVLASSRGIASFVCEY
ASPGEKWTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICMVEKMYPPPYYLGIGNGTQE
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVIVLROADSQVTEVCAATYM
MONELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQQKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLIVLGOQPKAAPSVT
LFPPSSEELQANKATLVCLISDFY®P
GAVIVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHESYSCOVTHEGSTVEKTVAPT
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Heavy Chain

Light Chain

PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWEINGEKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTRG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGV
HTFPAVLOSSGLYSLSSVYTVPSS

SLOGTOTYICNVNHKPSNTKVRER

VEPKSC (SEQ ID NO: 298)

ECS (SEQ ID NO' 67))

Xu Variant
5 39B09

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICMVEKMYPPPYYLGIGNGTOQ!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEY ASPGKATEY
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DQEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPEPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTOTYICNVNHEPSNTKVDKR
VEPKSC (SEQ 1D NO: 299)

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQOQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGQPKAAPSVT

LFPPSSEELOANKATLVCLISDEYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))

Xu Variant
& 89809

MHVAQPAVVLASSRGIASFVCEY
ASPGKHTEVRVTVLRQADSQVT
EVUCAAYYMMGNEGTFLBDSICT
GTASOGNOVNLTIOGLRAMDTGL

SSELTOQDPAVSVALGOTVRITCOG
DSVRRFFAHWYQQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCONSRDSSGY
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Heavy Chain

Light Chain

YICQVEKMYPPPY Y LGIGNGTQL
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVTVLROADSOVIEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTGQIY VIDPEPCPDS
DOEPKSSDK THTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGOPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 300)

LVLFGGGTKLIVLGQPKAAPSVT
LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))

Xu Variant
7 _89B0Y

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVIVLROQADSQVT
EVUCAAYYMMGNEGTFLBDSICT
GTSSOGNQVNLTIQGLRAMDTGL
YICQVERKMYPPPYYLGIGNGTOI
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFYCEYASPGKATEVY
RVTVLROQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNGVN
LTIGGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPRKDTLMISRTPEVTC
VVVDVSHEDPEVKENWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VETVEHOQDWINGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HIFPAVLOSSGLYSLESVVTVPSS

SSELTQDPAVSVALGOTVRITCQG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGOPKAAPSVT
LEPPSSEELQANKATLVCLISDEYP
GAVIVAWKADSSPVEAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTYAPRT
ECS (SEQ ID NO: 67))
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Heavy Chain

Light Chain

SLGTOTYICNVNHEPSNTKVDKR
VEPKSC (SEGQ ID NO: 301)

Xu Vanant
& 8OBOY

MHVAGPAVVLASSRGIASFVCEY
ASPGKTTEVRVTVLRQADSQVTE
VCAAYYMMGNEGTFLDDSICTG
TSSGNQVNLTIQGLRAMDTGLYT
CQOVEKMYPPPYYLGIGNGTOIYY
IDPEPCPDSDAMHVAQPAVVLAS
SRGIASFVCEY ASPGKATEVRVT
VLRQADSQVTEVCAATYMMGN
ELTFLDDSICTGTSSGNQVNLTIO
GLRAMDTGLYICKVELMYPPPY
YLGIGNGTQIY VIDPEPCPDSDOE
PKSSDKTHTCPPCPAPPVAGPSVE
LFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRYVSVLT
VLHODWLNGKEYKCAVSNKAL
AAPIEKTISKAKGQPREGPGLVKP
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKS
C (SEQ ID NO: 302)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGOPKAAPSVT
LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVEAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVERTYAPRT
ECS (SEQ IB NO: 67))

Xu Varant
9 89B0O

MHVAQPAVVLASSRGIASFVCEY
ASPGEKWTEVRYTVLRQADSQVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGT(
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVIVLROADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIGGLRAMDTGLYICKVELMY P
PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLIPPEKPKDTLMISRTPEVTC
VVVDVSHEDPEVEKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOWIRQPPOGEGLEWSGSIYYS

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQOKPGOAPVLYVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGQPKAAPSYT

LFPPSSEELGANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67))
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Heavy Chain

Light Chain

GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLYTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSVVTVPSS
SLOTOTYICNVNHKPSNTKVDER
VEPKSC (SEQ 1D NO: 303)

Xu Vanant
10 R9BOY

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRYTVLROADSQVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTO!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEV
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIY VIDPEPCPDS
DQEPKSSDKTHTCPPCPAPPYAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 304)

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWYQQKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LYLFGGGTKLTVLGQPKAAPSYT

LFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKOQSNNKYAASSYLSLTPEQWK

SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67))

Xu Vananot
i1 _89B(9

MHVAQPAVVLASSRGIASFVCEY
ASPGKHTEVRVTVLROQADSQVT
EVCAAYYMMOGNEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICQVEEMYPPPYYLGIGNGTOI
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVTIVLROQADSOVTEVCAATYM
MGNELTFLDDSICTGTSSGNOQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC

SSELTQDPAVSVALGQTVRITCOG
DSVRRFFAHWYQORPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSVT

LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))
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Heavy Chain

Light Chain

VVVDVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 305)

Ku Vanant
12 89809

MHVAGQPAVVLASSRGIASFVCEY
ASPGEKTEVRVTVLRQADSQVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICOVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEV
RVTVLROADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIOGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIY VIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VETVLHGDWLNGKEYKCAVSN
KALAAPIEK TISKAKGOPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDY FPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSVVTVPSS
SLGTQTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 306)

SSELTQDPAVSVALGOQIVRITCOG
DSVRRFFAHWYQQKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGQPKAAPSYT

LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))

Xu Vanant
i3 ROBOY

MHVAQPAVVLASSRGIASFVEEY
ASPGKTTEVRVTVLRQADSOVTE
VCAAYYMMOGNEGTFLDDSICTG
TSSGNQVNLTIGGLRAMDTGLY!
COVEKMYPPPYYLGIGNGTQIYY
IDPEPCPDSDAMHVAQPAVVLAS
SRGIASFVCEYASPGKATEVRVT

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFARWYQOKPGQAPVLVIE
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LYLFGGGTKLTVLGOPKAAPSYT
LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT
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Heavy Chain

Light Chain

VLRGADSOVTEVCAATYMMON
ELTFLDDSICTGTSSGNGVNLTIO
GLRAMDTGLYICKVELMYPPPY
YLGIGNGTOIY VIDPEPCPDSDQE
PKSSDKTHTCPPCPAPPVAGPSVF
LEPPKPKDTLMISRTPEVICVVY
DVSHEDPEVEFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT
VLHQODWLNGKEYKCAVSNKAL
AAPIEKTISKAKGOPREGPGLVKY
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNOFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTRGPSVF
PLAPSSKSTSGGTAALGCLYKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKS
C (SEQ D NO: 307)

PSKQSNNKYAASSYLSLTPEGWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67))

Xu Vanant
i4 RGBOY

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLRQADSQVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICOVEKMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEV
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNGVN
LTIQGLRAMDTGLY ICKVELMY P
PPYYLGIGNGTQIYVIDPEPCPDS
DQEPKSSDKTHTCPPCPAPPYAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSYSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTEG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HIFPAVLOQSSGLYSLSSYVTVPSS
SLGTOTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 308)

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQOKPGOAPVLVE
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPRKAAPSYT

LFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67))

Xu Vanant

MHVAQPAVVLASSRGIASFVCEY

SSELTODPAVSVALGQTVRITCOG
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Heavy Chain

Light Chain

15 89809

ASPGKYTEVRVTVLROADSGQVT
EVCAAYYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICOVEKMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEV
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNGVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIY VIDPEPCPDS
DQEPKSSDKTHTCPPCPAPPYAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGEKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTEG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTIFPAVLOQSSGLYSLSSYVVTVPSS
SLGTOTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 309)

DSVRRFFAHWYQOKPGQAPVLVE
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGQOPRKAAPSVT

LFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67))

Xu Varant
16 §9B09

MHVAQPAVVLASSRGIASFVCEY
ASPGEKHTEVRVTVLRQADSQVT
EVCAANYMMONEGTFLDDSICT
GTSSGNOVNLTIQGLRAMITGL
YICOVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMBDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VETVEHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOWIRQPPGKGLEWSGSIYYS
GSTYYRPSLQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWYQQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOQPKAAPSYT

LEPPSSEELGANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT

PSKQSNNEKYAASSYLSLTPEGWEK

SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67)
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Heavy Chain

Light Chain

PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HIFPAVLOSSGLYSLSSYVTVPSS
SLGTOTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 310)

XKu Variant
17 _§9B0S

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTQ!
YVIDPEPCPDSDAMHVAQPAVVY
LASSRGIASFVCEYASPGKATEV
RVTVLROQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIY VIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCAVSN
KALAAPIEK TISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOQGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDY FPEPYVTVSWNSGALTSGY
HTFPAVLQSSGLYSLSSVVTVPSS
SLOGTQTYICNVNHEPSNTKVDKR
VEPKSC (SEQ 1D NO: 311)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWY QQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGQPKAAPSYT
LEPPSSEELGANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67))

Xu Variant
18 89B0Y

MHVAQPAVVLASSRGIASFVCEY
ASPGKTTEVRVTVLRQADSQVTE
VCAANYMMONEGTFLDDSICTG
TSSONQVNLTIGGERAMDTGLY]
COVEKMYPPPYYLGIGNGTOIYY
{DPEPCPDSDAMHVAQPAVVLAS
SRGIASFVCEYASPGKATEVRVT
VLRQADSQVTEVCAATYMMGN
ELTFLDDSICTGTSSGNQVNLTIQ
GLRAMDTGLYICKVELMYPPPY
YLGIGNGTOIY VIDPEPCPDSDQE
PKSSDETHTCPPCPAPPVAGPSVE
LFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVEKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT
VLHODWINGEEYKCAVSNEAL

SSELTODPAVSVALGOTVRITCQG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT

LEPPSSEELOQANKATLVCLISDEYP
GAVTVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCQOVTHEGSTVEKTVAPT

ECS (SEQ IB NO: 67))
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Heavy Chain

Light Chain

AAPIEKTISKAKGQPREGPGLVKP
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLYTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ 1D NO: 312)

Xu Variant
19 89B(OY

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNQVNLTIQOGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTQI
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEV
RYTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVELEPPKPKDTLMISRTPEVTC
VVYDVSHEDPEVKENWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVY
HTFPAVLOSSGLYSLSSVVTVPSS
SLGTOTYICNVNHKPSNTKVDKR
VEPKSC (SEQ ID NO: 313)

SSELTODPAVSVALGOQTVRITCQG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT

LEPPSSEELQANKATLVCLISDEYP
GAVTVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCQOVTHEGSTVEKTVAPT

ECS (SEQ ID NQ: 67))

Xu Variant
20 89B09

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVTVLRQADSQVT
EVCAANYMMGNEGTFLDDSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICQVEKMYPPPYYLGIGNGTQY
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVIVLROADSQVTEVCAATYM
MONELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQQKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLIVLGOQPKAAPSVT
LFPPSSEELQANKATLVCLISDFY®P
GAVIVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHESYSCOVTHEGSTVEKTVAPT
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Heavy Chain

Light Chain

PPYYLGIGNGTQIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPYAG
PSVELEPPKPKDTLMISRTPEVTC
VVYDVSHEDPEVKENWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVY
HTFPAVLOSSGLYSLSSVVTVPSS
SLGTOTYICNVNHKPSNTKVDER
VEPKSC (SEQ ID NO: 314)

ECS (SEQ ID NO' 67))

Bemett Variant
1 39B09

MHVAQPAVVLASSRGIASEVCEY
ASPGKHTEVRVTVLROADSQVT
EVCFANYYMGNELTFDDDSICTG
TSSGNQVNLTIQGLRAMDTGLYY
COVELMYPPPYYEGIGNGTQIYV
DPEPCPDSD
AMHVAGQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLROADSOV
TEVCAATY MMGNELTFLDDSICT
GTSSGNOVNLTIOGLRAMDTGL
YICKVELMYPPPY YLGIGNGTQI
YVIDPEPCPDSDOEPKSSDKTHT
CEPCPAPPY AGPSVFLEPPEPKDT
LMISRTPEVTCVVVDVSHEDPEY
KENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNEALAAPIEKTISKA
KGOQPREGPGLVKPSETLSLTCSV
SGGSISTSSY Y WGWIRGPPGKGL
EWSGSIYYSGSTYYRPSLOGRATI
SYDTSKNQFSLKLTSVTAADTAVY
YYCARHRGSYFFDIWGLGTLVT
VSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLS
SYVTVPSSSLGTOTYICNVNHKP
SNTKVDKRVEPKSC (S8EQ ID NO:
315)

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQOQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGQPKAAPSVT

LFPPSSEELOANKATLVCLISDEYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))

Bemett Variant
2 39809

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLRQADSQVT
EVCFANYYMGNELTFDDDSICTG

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWY QOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
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Heavy Chain

Light Chain

TSSGNQVNLTIQGLRAMDTGLYT
CQOVELMYPPPYYEGIGNGTOQIYY
IDPEPCPDSD
AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLROADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
VICKVELMYPPPY YLGIGNGTGI
YVIDPEPCPDSDOQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVYVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOQPREGPGLVKPSETLSLTCSV
SGGSISTSSYYWGWIRQPPGKGL
EWSGSIYYSGSTYYRPSLOGRATI
SVDTSKNQFSLKLTSVTAADTAV
YYCARHRGSYFFDIWGLGTLVT
VSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVEDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLS
SVYTVPSSSLGTQTYICNVNHKP
SNTKVDKRVEPKSC (SEQ ID NO:
316)

TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT
LEPPSSEELOQANKATLVCLISDFYP
GAVTVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQOVTHEGSTVEKTVAPT

ECS (SEQ IB NO: 67))

Bernett Variant
3 89BOY

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLRQADSQVT
EVCFANYYMGNELTFDDDSICTG
TSSGNQVNLTIQGLRAMDTGLY!
COVELMYPPPYYEGIGNGTOQIYV
IDPEPCPDSD
AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVTVLRQADSOQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNOQVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLEPPKPKDT
LMISRTPEVTCVYVDVYSHEDPEY
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOPREGPGLYKPSETLSLTCSV
SGGSISTSSYYWGWIRQPPGKGL
EWSGSIYYSGSTYYRPSLOGRATE
SVDTSKNQFSLKLTSVTAADTAV
YYCARHRGSYFFDIWGLGTLYT
VSSASTKGPSVFPLAPSSKSTSGG

SSELTQBPAVSVALGOTVRITCOG
DSVRRFFAHWYQOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSVT

LEPPSSEELOQANKATLVCLISDEYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ IB NO: 67))
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Heavy Chain

Light Chain

TAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLOSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKP
SNTKVDKRVEPKSC (SEQ ID NO:
317)

Bemett Variant
4 89B09

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVTVLRQADSQVT
EVCFANYYMGNELTFDDDSICTG
TSSGNOVNLTIQGLRAMDTGLY!
COVELMYPPPYYEGIGNGTQIYV
DPEPCPDSD
AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQGV
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIOGLRAMDTGL
YICKVELMYPPPY YLGIGNGTQL
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPYAGPSYELEPPRKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVSNKALAAPIEKTISKA
KGQPREGPGLVKPSETLSLTCSY
SGGSISTSSY Y WGWIRQPPGKGL
EWSGSIYYSGSTYYRPSLOGRATE
SVDTSKNQFSLKLTSVTAADTAV
YYCARHRGSY FFDIWGLGTLVT
VSSASTKGPSVFPLAPSSKSTSGO
TAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLOSSGLYSLS
SYVTVPSSSLGTOTY ICNVNHKP
SNTKVDKRVEPKSC (S8EQ ID NO:
318)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWY QQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGQPKAAPSYT
LEPPSSEELGANKATLVCLISDFYP
GAVIVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67))

Bemett Variant
5 89B00O

MHYAQPAVVLASSRGIASFVCEY
ASPGEHTEVRVTVLROQADSQVT
EVCFANYYMOGNELTFEDDSICTG
TSSGNOVNLTIOGLRAMBDTGLYL
COVELMYPPPYYEGIGNGTOIYY
IDPEPCPDSDAMHVAQPAVVLAS
SRGIASFVCEYASPGKATEVRVT
VLRQABSQVTEVCAATYMMGN
ELTFLDDSICTGTSSGNQVNLTIO
GLRAMDTGLYICKVELMYPPPY
YLGIGNGTQIYVIDPEPCPDSDOE
PKSSDKTHTCPPCPAPPYVAGPSVE
LFPPKPKDTLMISRTPEVICVYY
DVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWYQQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASE
TITGAQAEDEADYYCNSRDSSGY

LVLEGGGTKLTVLGQPKAAPSVT

LFPPSSEELOANKATLVCLISDEYP
GAVIVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ IDNO: 67)
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Heavy Chain

Light Chain

VLHODWINGREYKCAVSNKAL
AAPIEKTISKAKGOPREGPGLVEP
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNOFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTO
TYICNYNHKPSNTK VDKRVEPKS
C (SEQ ID NG: 319)

Bemett Variant
& 89B00

MHVAQPAVVLASSRGIASFVCEY
ASPGKKTEVRVTVLRQADSQVT
EVCFANYYMGNELTFEDDSICTG
TSSGNOVNLTIQGLRAMDTGLY1
COVELMYPPPY YEGIGNGTOIY Y
IDPEPCPDSDAMHVAGQPAVVLAS
SRGIASFVCEYASPGKATEVRVT
VLRQADSOQVTEVCAATY MMGN
ELTFLBDSICTGTSSGNQVNLTIO
GLRAMDTGLYICKVELMYPPPY
YLGIGNGTQIVVIDPEPCPDSDGE
PKSSDKTHTCPPCPAPPVAGPSVF
LEPPKPKDTLMISRTPEVTICYVY
DVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCAVSNKAL
AAPIEKTISKAKGQPREGPGLVKP
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNQFSLE
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTEGPSVE
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVESASLGTQ
TYICNVNHKPSNTKVDKRVEPKS
C (SEQ ID NO: 320)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWYQQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLEGGGTKLTVLGQPKAAPSVT

LFPPSSEELOANKATLVOLISDEYP
GAVIVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ IDNO: 67)

Bernett Variant
7 89B0OY

MHVAQPAVVLASSRGIASFVCEY
ASPGKWTEVRVTVLRQADSQVT
EVCFANYYMGNELTFEDDSICTG
TESOGNQVNLTIQGLRAMDTGLY!
COVELMYPPPYYEGIGNGTQIYV
IDPEPCPDSDAMHVAQPAVVLAS
SRGIASFVCEYASPGKATEVRVT

VERQADSQVTEVCAATYMMGN

ELTFLDDSICTGTSSGNOQVYNLTIO

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWYQQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCONSRDSSGY
LVLFGGGTKUTVLGOPKAAPSVT
LEPPSSEELQANKATLVCLISDEYP
GAVTVAWKADSSPVKAGVETTT
PSKOQSNNKYAASSYLSLTPEQWK
SHKSYSCOQVTHEGSTVEKTVAPT
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Heavy Chain

Light Chain

GLRAMDTGLYICKVELMYPPPY
YLGIGNGTQIYVIDPEPCPDSDGE
PKSSDKTHTCPPCPAPPVAGPSVF
LEPPKPKDTLMISRTPEVTICYVY
DVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCAVSNKAL
AAPIEKTISKAKGQPREGPGLVKP
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNOQFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPA
VEQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKS
C (SEQ ID NO: 321)

ECS (SEQ ID NO' 67))

Bernett Variant
& 89B0OY

MHVAQPAVVLASSRGIASFVCEY
ASPGKYTEVRVIVLROADSOVT
EVCFANYYMGNELTFEDDSICTG
TSSGNQVNLTIOGLRAMDTGLYT
COVELMYPPPYYEGIGNGTQIVV
IDPEPCPDSDAMHVAOPAVVLAS
SRGIASFVCEYASPGRKATEVRVT
VLRQADSOVTEVCAATY MMGN
ELTFLDDSICTGTSSGNQVNLTIO
GLRAMDTGLYICKVELMYPPPY
YLGIGNGTQIY VIDPEPCPDSDQE
PKSSDETHTCPPCPAPPVAGPSVE
LFPPRPKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCAVSNKAL
AAPIEKTISKAKGQPREGPGLVEP
SETLSLTCSVSGGSISTSSYYWG
WIRQPPGKGLEWSGSIYYSGSTY
YRPSLOGRATISVDTSKNOFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVEDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ D NO: 322)

SSELTODPAVSVALGQTVRITCQG
DSVRRFFAHWYQQKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLEGGOTKLTVLGOPKAAPSYT
LEPPSSEELOQANKATLVCLISDEYP

IAVTVAWKADSSPVKAGVETTT
PSKOQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ IB NO: 67))

Oshima
Variant 89B09

MHVAQPAVVLASSRGIASFVCEY
ESPOGKANEIRVIVLRQADSQVTE
VCAMTYMKEDELTFLDDPSCTG

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWY QOKPGQAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
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Heavy Chain

Light Chain

TFSGNQVNLTIQGLRAMDTGLY]
CKVELMYPPPYYEGIGNGTQIVV
IDPEPCPDSDAMHVAOPAVVLAS
SRGIASFVCEYASPGKATEVRVT
VLRQADSOVTEVCAATY MMGN
ELTFLDDSICTGTSSGNQVNLTIO
GLRAMDTGLYTCKVELMYPPPY
YLGIGNGTQIY VIDPEPCPDSDQE
PKSSDETHTCPPCPAPPVAGPSVE
LFPPRPKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCAVSNKAL
AAPIEKTISKAKGQPREGPGLVEP
SETLSLTCSVSGGSISTSSYYWG
WIRGPPGEGLEWSGSTYYSGSTY
YRPSLOGRATISVDTSKNOFSLK
LTSVTAADTAVYYCARHRGSYF
FDIWGLGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVEDY
FPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTO
TYICNVNHKPSNTK VDKRVEPKS
C (SEQ D NO: 323)

TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSYT
LEPPSSEELOQANKATLVCLISDFYP
GAVTVAWKADSSPVEAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQOVTHEGSTVEKTVAPT

ECS (SEQ IB NO: 67))

Douthwaite
Variant
i 89BOY

MHVAQPAVVLASSRGRASFVCE
YTINPSKATEVRVTIVLROADSOV
TEVCAATYMKGNEATFLDDSICT
GTASGNQVNLTIRGLRAQDTGL
YICQVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVUEYASPGKATEY
RVIVLROADSOVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTOIY VIDPEPCPDS
DOEPKSSDK THTCPPCPAPPVAG
PSVFLFPPRPKDTLMISRTPEVTC
VVVDVSHEDPEVEFNWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCAVSN
KALAAPIEKTISKAKGOQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVITSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY

SSELTODPAVSVALGOQTVRITCOG
DSVRRFFAHWYQOQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGOPKAAPSVT
LFPPSSEELGANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67))
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Heavy Chain

Light Chain

HTFPAVLOSSGLYSLSSVVTVPSS
SLOTOQTYICNVNHKPSNTKVRER
VEPKSC (SEQ ID NO: 324)

Douthwaite
Variant
2 89B0Y

MHVAQPAVVLASSVGRASEVCE
YTNPSKATEVRVIVLROQADSQV
TEVCAATYMKGNEATFLBDSICT
GTASGNQVNLTIRGLRAQDTGL
YICQVELMYPPPY YLGIGNGTQI
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVIVLRGADSQVTEVCAATYM
MONELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTQIYVIDPEPCPDS
DOQEPKSSDKTHTCPPCPAPPVAG
PSVEFLFPPEKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQGYNSTYRVVS
VLTVLHQDWLNGKEYKCAVEN
KALAAPIEKTISKAKGQPREGPG
LVEPSETLSLTCSVSGGSISTSSY
YWOWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOQGRATISVIDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTVPESS
SLGTOQTYICNVNHEPSNTKVDKR
VEPKSC (SEQ ID NQG: 325)

SSELTQODPAVSVALGQTVRITCOG
DSVRRFFAHWYQOQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGQPKAAPSVT

LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))

Douthwaite
Yartant
3 89B09

MHVAQPAVVLASSRGRASFVCE
YTINPSKATEVRVTVLROADSQV
TEVCAATYMKGNEGTFLDBDSICT
GTASGNQVNLTIRGLRAQDTGL
YICQVELMYPPPYYLGIGNGTO
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFVCEYASPGKATEY
RVTVLRQADSQVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTOIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VETVEHOQDWINGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY

SSELTQDPAVSYALGOTVRITCOG
DSVRREFAHWY QOKPGGAPVLVE
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSVT

LEPPSSEELQANKATLVCLISDREY P
GAVIVAWKADSSPVEAGVETTT

PSKOSNNKYAASSYLSLTPEGWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ ID NO: 67))
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Heavy Chain

YWOWIRQPPGKGLEWSGSIVYS
GSTYYRPSLOQGRATISVITSKNG
FSLKUTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTVPSS
SLGTOQTYICNVNHEPSNTKVDKR
VEPKSC (SEGQ ID NO: 326)

Douthwatte
Yartant
4 89B09

MHVAGPAVVLASSVGRASEVCE
YTINPSKATEVRVTVLROADSQV
TEVCAATYMKGNEGTFLDBDSICT
GTASGNQVNLTIRGLRAQDTGL
YICQVELMYPPPYYLGIGNGTOT
YVIDPEPCPDSDAMHVAQPAVY
LASSRGIASFYVCEYASPGKATEY
RVTVLROQADSGVTEVCAATYM
MGNELTFLDDSICTGTSSGNQVN
LTIQGLRAMDTGLYICKVELMYP
PPYYLGIGNGTOIYVIDPEPCPDS
DOEPKSSDKTHTCPPCPAPPVAG
PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VETVEHOQDWINGKEYKCAVSN
KALAAPIEKTISKAKGQPREGPG
LVKPSETLSLTCSVSGGSISTSSY
YWOGWIRQPPGKGLEWSGSIYYS
GSTYYRPSLOGRATISVDTSKNG
FSLKLTSVTAADTAVYYCARHR
GSYFFDIWGLGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGY
HTIFPAVLQSSGLYSLASVVTVPSS
SLOTQTYICNVNHKPSNTKVDER
VEPKSC (SEQ 1D NO: 327)

PCT/US2022/032482
Light Chain
SSELTQDPAVSVALGQTVRITCOG

DSVRREFAHWYQOKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGOPKAAPSVT
LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVEAGVETTT
PSKOSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ ID NO: 67))

Douthwaite
Variant
5 89B0Y

MHVAQPAVVLASSRGRASFVCE
YTNPSKATEVRVIVLROQADSQV
TEVCAATYMKGNEATFLBDSICT
GTASGNQVNLTIRGLRASDTGLY
ICQVELMYPPPYYLGIGNGTQLY
VIDPEPCPDSDAMHVAQPAVVL
ASSRGIASFYVCEYASPGKATEVR
VIVEROQADSQVTEVCAATYMM
GNELTFLDDSICTGTSSGNQVNL
TIOGLRAMDTGLYICKVELMYFPP
PYYLGIGNGTQIYVIDPEPCPDSD
QEPKSSDETHTCPPCPAPPVAGP

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWY QQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY
LVLFGGGTKLTVLGOPKAAPSYT
LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCQVTHEGSTVEKTVAPT
ECS (SEQ 1D NO: 67))
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Heavy Chain

Light Chain

SVFLFPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKENWYVDGVE
VHNAKTKPREEQYNSTYRVVSY
LTVLHODWLNGKEYKCAVSNK
ALAAPIEKTISKAKGOPREGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGES
LKLTSVTAADTAVYYCARHRGS
YEFDIWGLGTLYTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ 1D NO: 328)

Douthwaite
Variant
6 89809

MHEVAQPAVVLASSVGRASFVCE
YTNPSKATEVRVTIVLROADSQV
TEVCAATYMKGNEATFLBDSICT
GTASGNQVNLTIRGLRASDTGLY
ICQVELMYPPPYYLGIGNGTQLY
VIDPEPCPDSDAMHVAQPAVVL
ASSRGIASFYCEYASPGKATEVR
VIVLEROQADSQVTEVCAATYMM
GNELTFLDDSICTGTSSGNQVNL
TIQGLRAMDTGLYICKVELMYFPP
PYYLGIGNGTQIYVIDPEPCPDSD
QEPKSSDKTHTCPPCPAPPVAGP
SVFLFPPKPKDTLMISRTPEVTICY
VVDVSHEDPEVEFNWYVDGVE
VHNAKTKPREEQYNSTYRYVSY
LTVLHODWLNGKEYKCAVSNK
ALAAPIEKTISKAKGQPREGPGL
VKPSETLSLTCSVSGOGSISTSSYY
WOWIRQPPGEGLEWSGSIVYSGS
TYYRPSLQGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YFFDIWGLGTLVTYSSASTRGPS
VFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEPSNTKVDKRVEP
KSC(SEQ IDNO: 329)

SSELTQDPAVSVALGQTVRITCQG
DSVRRFFAHWY QQKPGOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOQPKAAPSYT

LFPPSSEELOANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK

SHKSYSCQVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67))

Douthwatie
Yartant
7 89809

MHVAQPAVYLASSRGRASFVCE
YTNPSKATEVRVTVLRQADSQV
TEVCAATYMKGNEGTFLDDSICT
GTASGNOVNLTIRGLRASDTGLY
ICOVELMYPPPYYLGIGNGTQIY
VIDPEPCPDSDAMHVAQPAVVL

SSELTQDPAVSVALGOTVRITCOG
DSVRRFFAHWY QQKPGQOAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYUNSRDSSGY
EVLFGOGOTKLTVLGOPKAAPSVT
LEPPSSEELQANKATLVCLISDEYP
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Heavy Chain

Light Chain

ASSRGIASFYCEYASPGKATEVR
VIVLROADSQVTIEVCAATYMM
GNELTFLDDSICTGTSSGNQVNL
TIQGLRAMDTGLYICKVELMYFPP
PYYLGIGNGTQIYVIDPEPCPDSD
QEPKSSDKTHTCPPCPAPPVAGP
SVFLFPPKPKDTLMISRTPEVTICY
VVDVSHEDPEVEFNWYVDGVE
VHNAKTKPREEQYNSTYRYVSY
LTVEHQDWLNGKEYKCAVSNK
ALAAPIEKTISKAKGQPREGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGEGLEWSGSIYYSGS
TYYRPSLQGRATISVDTSKNQFS
LKLTSVTAADTAVYYCARHRGS
YFFOIWGLGTLVTVYSSASTRGPS
VEPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEPSNTKVDKRVEP
KSC (SEQ IDNO: 330

GAVTVAWKADSSPVKAGVETTT
PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT
ECS (SEQ 1D NO: 67))

Douthwatie
Yartant
8 89B09

MHVAGPAVVLASSVGRASFVCE
YTNPSKATEVRVTVLROADSGY
TEVCAATY MKGNEGTFLDDSICT
GTASGNOVNLTIRGLRASDTGLY
ICOVELMYPPPY YLGIGNGTQIY
VIDPEPCPDSDAMHVAQPAVVL
ASSRGIASFVCEYASPGKATEVR
VIVLRQADSQVTEVCAATY MM
GNELTFLDDSICTGTSSGNOVNL
TIQGLRAMDTGLY ICKVELMY PP
PYYLGIGNGTQIY VIDPEPCPDSD
OEPKSSDKTHTCPPCPAPPVAGP
SYVFLFPPKPKDTLMISRTPEVTCY
VVDVSHEDPEVKFNWY VDGVE
VHNAKTKPREEQYNSTYRVVSY
LTVLHQDWLNGKEYECAVSNK
ALAAPIEKTISKAKGOPREGPGL
VKPSETLSLTCSVSGGSISTSSYY
WOWIRQPPGKGLEWSGSIYYSGS
TYYRPSLOGRATISVDTSKNGFS
LKLTSVTAADTAVYYCARHRGS
YEFDIWGLGTLVTVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVE
DYFPEPVIVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEP
KSC (SEQ ID NO: 331)

SSELTODPAVSVALGQTVRITCOG
DSVRRFFAHWY QQKPGGAPVLVI
SGKDTRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGY

LVLFGGGTKLTVLGOPKAAPSVT

LFPPSSEELQANKATLVCLISDFYP
GAVIVAWKADSSPVEKAGVETTT

PSKQSNNKYAASSYLSLTPEQWK
SHKSYSCOVTHEGSTVEKTVAPT

ECS (SEQ 1D NO: 67)
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Heavy Chain

Light Chain

1S 9139653
Yartant |

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRGADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVYDVSHEDPE
VEKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHODWLN
GKEYK{CKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSEFLY
SKLTVDKSRWOQOQOGNVEFSCSVMH
FEALBNHYTOKSLSLSPGAGGGGS
GGGGSGOGGSEVOLYVESGGGLY
QPGGSLRLSCAASGFTFSNY AMN
WVROQAPGKGLEWVSTISGSGGA
TRYADSVEKGRFTISRDNSRNTVY
LOMNSLRVEDTAVFYCTKDRLI
MATVRGPYYYOGMDVWGQGTIV
TVSSASTKGPSVEPLAPCSRETSE
STAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLS
SVVTVESSSLOGTKTYTCNVDHKP
SNTKVDERYV (SEQ ID NO: 332)

DIQMTQSPSSLSASYGDRVTITCR

ASQSISSYLNWYQOKPGKAPNLLI
YAASSLOSGYPSRFSGSGSETDFT

LTISSLOPEDFATYYCQQSHSVSF

TFGPGTKYDIKRTVAAPSVFIFPPS
DEQLKSGTASVVCLLNNFYPREA

KVQWEKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGE

C(SEQ ID NO: 253)

US 7501496
Variant |

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQVY
TEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGL
YICKVELMYPPPYYLGIGNGTQE
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPEAAGGPSVELFPPRPKD
TLMISRTPEVTCVVVDVSHEDPE
VEFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWILN
GKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESN
GOPENNYEKTTPPVLDADGSFFLY
SKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGAGGGGS
GGOGSGGOGSEVOLLESGGGLY
QPGGSLRLSCAASGFTFNSYAMS
WVRQAPGKGLEWVSHSGSGOEFT
YYADSVKGRFTISRBDNSRTTLYL
OMNSLRAEDTAVYYCARKDRLV

DIQMTQSPSSLSASVGDRVTITCR
ASQGISSWLAWY QOKPEKAPKSL
Y AASSLOSGVPSRFSGSGSGTDF
TLTISSLOPEDFATYYCQQYNSYP
YTFGOGTKLEIKRTVAAPSVFIFPP
SDEQLKSGTASYVCLLNNFYPRE
AKVOWEKVDNALQSGNSQESVTE
ODSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHOGLSSPVTKSFNRG
EC (SEQ ID NO: 255)
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Heavy Chain

Light Chain

APGTFDYWGQGALVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSG
VHTFPAVLOQSSGLYSLSSVVTVP
SSSLOTQTYICNVNHKPSNTKVD
KKV (SEQ ID NO: 333

US 9139653
Variant 2

AMHVAQPAVVLASSRGIASFVCE
YASPGKATEVRVIVLRQADSQV
TEVCAATYMMGNELTFLDDSICT
GTSSOGNQVNLTIOGLRAMDTGL
YICKVELMYPPPYYLGIGNGT(Q!
YVIDPEPCPDSDOEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTEKPREE
QYNSTYRVVSVLTVLHODWLNG
KEYKCAVENKALAAPIEKTISKA
KGUPREPQVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQOQOGNVFSCSVMHE
ALANHYTOKSLSLSPGAGGGGS
GGGGSGGGGSEVOLVESGGGLY
QPGGSLRLSCAASGEFTFSNYAMN
WYRQAPGKGLEWVSTISGSGGA
TRYADSVKGRFTISRDNSRNTVY
LOMNSLRVEDTAVFYCTKDRILI
MATVRGPYYYGMDVWGQGTTY
TVSSASTKGPSVEPLAPCSRSTSE
STAALGCLVEDYFPEPVTVSWNS
GALTSGVHTFPAVLGSSGLYSLS
SYVVTVPSSSLGTKTYTCNVDHKP
SNTEVDKRYVY (SEQ ID NO: 334)

DIOMTQSPSSLSASVGDRVTITCR

Y AASSLOSGVPSRFSGSGSETDET
LTISSLOPEDFATY YCQQSHSVSE
TEGPGTKVDIKRTVAAPSVEFIFPPS
DEQLKSGTASVVCLLNNFYPREA
KVOWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGE
C (SEQ 1D NO: 253)

U8 7501496
Vartant 2

AMHYAQPAVVLASSRGIASFVCE
YASPGEKATEVRVTVLRQADSQV

TEVCAATYMMGNELTFLDDSICT

GTSSGNOVNLTIQGLRAMDTGL
YICKVELMYPPPY YLGIGNGTO!
YVIDPEPCPDSDQEPKSSDKTHT
CPPCPAPPVAGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEY
KINWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLIVLHQDWLNG
KEYKCAVSNKALAAPIEKTISKA
KGOQPREPQVYTLPPSREEMTING
VSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFEFLYS
KLTVDESRWOQOQOGNVESCSVMHE

DIOMTQSPSSLSASVGDRVTIITCR
ASQGISSWLAWYQQKPEKAPKSL
TY AASSLQSGVPSRFSGSGSGTDE
TLTISSLOPEDFATYYCQQYNSYP
YTFGQGTKLEIKRTVAAPSVEIFPP
SDEQLKSGTASVVOLLNNFYPRE
AKVOWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSENRG
BC (SEQ ID NO: 255)
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Heavy Chain Light Chain

ALHNBHYTOKSLSLSPGAGGGGS
GGGGSGGGGSEVOLLESGGOLY
QPGGSLRLSCAASGFTFNSYAMS
WYRQAPGKGLEWVSIISGSGGFT
YYADSVKGRFTISRDNSRTTLYL
QMNSLRAEDTAVYYCAKDRLY
APGTFDYWGQOALVTVSSASTE
GPSVFPLAPSSKSTSGGTAALGC
LYKDYFPEPVTVSWNSGALTSG
VHTFPAVLOSSGLYSLSSVVTIVE
SSSLGTQTYICNYNHKPSNTKVD
KKV (SEQ 1D NO: 335)

{0225]  Also provided heren 1s a use of a heavy chain selected from any of the amino acid
sequences listed in TABLE 7 in the preparation of a protein wherein the heavy chain is
associated {e.g.. via a disulfide bond} with a light chain selected from any of the amine acid

sequences listed i TABLE 7.

{0226]  Also contemplated in the present disclosure are nucleic acids encoding the proteins of
the present invention. Nucleie acids encoding the proteins disclosed herein may be codon
optimized for optimal expression using standard bioinformatic methods. Cells comprising one
or more nucleic acid encoding a protein of the present invention are also contemplated and can
be produced by a standard transfoction or transduction method {e.g., clectroporation, calcium

chloride transfection, lipofection, lentiviral deliver, or adeno-associated virus delivery).
LE Characteristics of the Proteins

{0227]  Proteins of the present invention are capable of specifically binding CD80 and/or
D86 and OX40L. In some embodiments, proteins of the present mvention bind to CDRO and/or
D86, and OX40L with high affinity as measured by any one of a variety of assays known in
field. The binding and immunosuppressive activity of the proteins of the present invention can

be compared to CTLA4-Ig and/or anti-OX40L reference molecules.
CTLA4-Ig (Ref3 CTLA4dEE)

AMHVAQPAVYVLASSRGIASFVCEYASPGKATEVRVIVLRGADSQVTE
VCAATYMMGNELTFLDDSICTGTSSGNOVNLTIQGLRAMDTGLYICK
VELMYPPPYYLGIGNGTQIYVIDPEPCPDSDOQEPKSSDKTHTSPPSPAP
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ELLGGSSVFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKFNWYV

DOVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWELNGKEYKCKVS
NKALPAPIEKTISKAKGQOPREPQVY TLPPSRDELTKNQVSLTCLVKGE

YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQG
ONVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 34)

CTLAS-IgG Variant

AMHVAQPAVVLASSRGIASFVCEYASPORATEVRVTVLRQADSQVTE
VCAATYMMOGNELTFLBDSICTGTSSGNQVNLTIQGLRAMDTGLYICK
VELMYPPPYYLGIGNGTQILY VIDPEPCPDSDOQEPKSSDKTHTSPPSPAP
ELLGGSSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYY
DOVEVHNAKTRPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGOPREPOVY TLPPSREEMTKNQVSLTCLVKGE
YPSDIAVEWESNGQPENNYKTIPPVLDSDGSFFLYSKLTVDKSRW(GQ
GNVEFSCSVMHEALHNHYTQKSLSLSPG (SEQ IDNO: 7hH)

¥gGl_Fe variant-CTLA4

EPKSSDKTHTCPPCPAPEAEGAPSVFLFPPKPRKDTLMISRTPEVTCYVVY
DVSHEDPEVKFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLH
ODWLNGKEYKCKVSNKALPSSIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLYKGFYPSDIAVEWESNGQPENNY K TTPPVLDSDGSF
FLYSKLTVDKSRWOQQGNVFSCSVMHEALHNHY TQKSLSLSPGAGGG
GSGGGGSGGGGSAMHVAQPAVVLASSRGIASFVCEY ASPGKATEVR
VTVLRQADSOVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIO
GLRAMDTGLY ICKVELMY PPPYYLGIGNGTQIY VIDPEPCPDS (SEQ
3 NO: 72)

Ref2_Anti_ON40L
Heavy Chain Sequence

EVOQLLESGGGLVQPGGSLRLSCAASGFTFNSYAMSWVROAPGKGLE
WVSHSGSGGFTY Y ADSVKGRETISRDNSRTTLY LOMNSLRAEDTAVY
YCAKDRLVAPGTFDYWGQUGALVTVSSASTKGPSVEPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLASSGLYSLSSY
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VIVPSSSLOTQTYICNVNHKPSNTKVBKKVEPKSCDRKTHTCPPCPAPE
LLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKEFNWY VD
GVEVHNAKTKPREEQYNSTYRVYSVLTVLHQDWLNGKEYKCKVSN
KALPAPIERTISKAKGOPREPQVYTLPPSRDELTENQVSLTCLVKGFYP
SDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQON
VESCSYMHEALHNHY TQRKSLSLSPG (SEQ 1D NO: 36)

Light Chain Sequence

DIOMTQSPSS LSASVGDRVT ITCRASQGIS
SWLAWYQQKPEKAPKSLIVA ASSLOSGVPSRFSGSGSGTD
FTLTISSLOPEDFATYYCQG
YNSYPYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASYVCLLNNE
YPREAKVQWKYV DNALOSGNSQ
ESVTEQDSKDSTYSLSSTLILSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC (SEQ ID NO: 35)

S Patent 9,139,653 (Refl_Anti-OX40L)
Heavy Chain Vanable Domain (VH)

EVOLVESGGGLVQPGGSLRLSCAASGFTFSNY AMNWVRQAPGKGLE
WYSTISGSGCATRY ADSVEKGRFTISRDNSENTVY LQMNSLRVEDTAVY
FYCTKDRLIMATVRGPYYYGMDVWGQGTTVIVSS (SEQ ID NO: 31

Light Chain Variable Domain (VL)

DIQMTQSPSSLSASVGDRVTITCRASOSISSY LNWY QOKPGKAPNLLIY
AASSLOSGVPSRESGSGSETDFTLTISSLOPEDFATYYCQOQSHSVSTETE
GPGTEVDIK (SEQ ID NO: 303

For example, proteins described hergin can specifically bind and neatralize OX40L on

the surface of APCs, thereby mhibiting T cell costimulatory signaling and activation. In some
embodiments, proteins of the present invention have an ICso of less than 12 nM, as measured in
an OX40L neutralization/OX40-HEK reporter assay as described 10 EXAMPLE 3 below. In
some embodiments, proteins of the present invention have an ICso of 5 nM to 12 nM, 5aM to
11.5nM, S5aMto 11 oM, S oM to 11.5nM, 5 oM to 10 oM, 5 oM to 10.3nM, or 5 nM to 9 oM as

measured in an OX40L neutralization/OX40-HEK reporter assay.
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{8229]  Inhibition of T cell activation can also be measured asing a prnimary T cell activation
assay as described in EXAMPLE 3 below. For example, in some embodiments, proteins of the
present mvention have an ICso of 2 nMto 12 0M, 2 oM to 115 oM, 2aMto Hi oM, 2naMio

105 nM, 2 aM to 10 oM, or 2 nMto 9.5 oM as measured n a primary T cell activation assay.

{0236]  In some embodiments, proteins of the present invention bind to OX40L with a K if
iess than 75 nM as measured in a Biacore assay (described in EXAMPLE 3 below). For
example, in some embodiments, OX40L binding has a Ko of 20 aM 1o 75 nM, 20 nM to 70 nM,
20 nM to 65 nM, 20 nM to 60 oM, 25 oM to 75 oM, 25 nM to 70 nM, 25 nM to 63 oM, 25 oM
to 60 nM, 30 aM to 75 nM, 30 nM to 706 nM, 30 nM to 65 uM, and 30 oM to 60 nM as measured

in a Biacore assay.

{0231] Blocking of T cell costimulatory signaling inhibits T cell activation and the production
of pro-inflammatory mediators. In some embodiments, proteins described herein significanthy
mhibit the production of at least one or more pro-intflanumatory cytokines including, but not
fimited to, 1L-2, IFNy, IL-6, or TNFu. Inhibition of pro-inflammatory cvtokine production can
be measured using an i virre mixed lymphocyte reaction assay and comparing cells treated with
protein described herein with cells treated under the same conditions but in the absence of
protein, or in the presence of a CTLA4-Ig {extraccliular domain of human CTLA4 fused at the
N-ternunus of human IgGl Fe domain:; SEQ 1D NO: 34) and an anti-OX40L antibody (SEQ 1D
NO: 35 and SEQ 1D NG: 36; SEQ 1D NO: 30 and SEQ ID NO: 31), presented individually or in
combination of the two proteins presented separately. For example, in some cmbodiments,
proteins described herein inhibit production of at least one proinflammatory cvickine by cells in
amixed lymphocvte reaction assay by at least 10%, at least 20%, at least 309%, at least 40%, at
ieast 50%, or at least 6% as compared to cells treated under the same conditions but in the

absence of proten.

{9232] T cell costimulatory blockade also results in the mhibition of T cell proliferation. In
some embodiments, proteins described herein significantly inhibit alloreactive CD4™ and CDR* T
cell proliferation in an in vitro mixed lvmphocyte reaction assay as compared to alloreactive
CD4" and CD8™ T celis treated under the same conditions but in the absence of protein, or in the
presence of a UTLA4-Ig (extracellular domain of human CTLA4 fused at the N-terounus of
human IgG1 Fe domain; SEQ D NG: 34) and an anti-OX40L antibody (SEQ ID NG: 35 and
SEQ ID NO: 36; SEQ ID NG: 30 and SEQ ID NG: 31}, presented individually or in combination
of the two proteins presented separately. For example, in some embodiments, proteins described
herein inhibit CD34" and CD8" T cell proliferation in a mixed lymphocyie reaction assay by at
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least 10%, at least 20%, at least 30%, at least 409, or at least 50% as compared to cells treated

vander the same conditions but in the absence of protein.

{0233]  In certam embodiments, proteins described herein preferentially inhibit alloreactive
CD4™ and CD8™ T celi proliferation as compared to regulatory T cell {Tegor Trog) proliferation
in an i vifro mixed lvmphocyte reaction assav as compared to alloreactive {47 and CB8™T
cells treated snder the same conditions but in the absence of protein, or in the presence of a
CTLA4-Ig {oxtracellular domain of human CTLA4 fused at the N-tconinus of human IgG1 Fe
domain; SEQ ID NGO 34) and an anti-OX40L antibody (SEQ 1D NO: 35 and SEQ 1D NOG: 36,
SEQ ID NG: 30 and SEQ 13 NO: 31}, presented individually or in combination of the two
proteins presented separately. For example, in some embodiments, mixed vmphvocyte reaction
assays treated with proteins described herein causes an increase in the Treg: Teftector cel ratio by at
least 10%, at least 20%, at least 30%, at least 409, at least 30%, or at least 60% as compared {o

cells treated vader the same conditions but in the absence of protein.

{0234]  Inhibition of costimulatory CD28 and OX40 activation can promote differentiation of
Treg cclis. In some embodiments, proteins described herein significantly enhance Tieg
suppressive function in an i vitre mixed lyvmphocyte reaction assay as compared 1o Twe cells
treated under the same conditions but i the absence of protein, or in the presence of a CTLA4-
g {(extracellular domain of human CTLA4 fused at the Ntermunus of human IgG1 Fe domain;
SEQ 1D NO: 34} and an anti-0X40L antibody (SEQ 1D NO: 35 and SEQ 1D NO: 36; SEGQ ID
NO: 30 and SEQ ID NG: 31). presented individually or in combination of the two proteins
presented separately. For example, in some embodiments, mixed Ivmphvocyte reaction assavs
treated with proteins described herein causes a decrease in the number of proliferating Testector

G/

{Fotf or Tesr) colls in co~-culture with Tregs at loast 10%, at least 20%. at least 30%, at least 40%, at
least 50%, or at least 60% as compared to cells treated under the same conditions but in the

absence of protem.

{9235]  In somc crbodiments, proteins of the present nvention significantly inhubit
alloreactive CD4"* and CD8" T cell proliferation in an adoptive transfer assay in humanized mice
as compared to allorcactive CD4™ and CD8™ T cells i mice treated under the same conditions
but in the absence of protem, or in the presence of a CTLA4-Ig {extraceliular domain of buman
CTLA4 fused at the N-termuinus of human IgG1 Fe domain; SEQ 1D NG: 34) and an anti-
OX40L antibody (SEQ 1D NO: 35 and SEQ 1D NO: 36; SEQ ID NG: 30 and SEQ 1D NG: 31),
presented individually or in combination of the two proteins presented separately. For example,
i some embodiments, mice treated with proteins described herein causes a decrease inthe
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namber of proliferating alloreactive CD4% and CD&" T cells in an adoptive transfer assay by at
ieast 10%, at least 20%, at least 30%, at least 40%, at least 30%, or at least 50% as compared to

mice treated under the same conditions but in the absence of protein.

{0236]  In some emboduments, proteins described heren significantly mhibtt scrum IFNy
levels in an adoptive transfer assay i humanized mice as compared to mice treated under the
same conditions but in the absence of protein, or in the presence of a CTLA4-Ig (extracellular
domain of human CTLA4 fused at the N-ternuous of human IgG1 Fe domain; SEQ ID NO: 34}
and an anti-OX40L antibody (SEQ ID NO: 35 and SEQ 1D NO: 36; SEQ ID NG: 30 and SEQ
103 NO: 31, presented individually or in combination of the two proteins presented separately.
For example, in some embodiments, mice treated with proteins described herein causes a

37

decrease in serum IFNy levels in an adoptive transfer assay by at least 10%. at least 20%, at least
30%, at least 40%, at least S0%, or at least 60% as compared to mice treated under the same

conditions but in the absence of protein.

{02377 In some embodiments of the present invention, proteins described herein are not

significantly internalized into myeloid-derived dendritic cells (MDBDCs}.

{0138]  In some embodiments, proteins described heren are cross reactive with cynomolgus
X401 For example, a protein of the present invention can bind cynomolgus OX40L with a Ko
of 20 nM to 120 nM, 40 nM to 120 oM., 60 oM to 120 oM, 80 oM to 120 nM, 20 aM to 100 nM,
40 nM 1o 100 nM, 60 nM to 100 nM, 80 nM to 100 oM, 20 nM to 80 nM, 40 nM to 80 nM, or 60
nM to 80 oM as measured by a steady-state affinity assay by Surface Plasmon Resonance {(§PR}.
In certam embodiments, proteins of the present invention are not cross-reactive with mouse,
rabbit, or rat OX40L. For example, a protem of the present invention has a Kp ot greater than
200 nM, greater that 230 nM |, or greater than 300 nM when measured by a steady-state affinity
assay by Surface Plasmon Resonance (SPR) for binding to mouse, rabbit, or rat OX40L. In
some embodiments, proteins of the present invention are cross reactive with cynomolgus CDSO
and CD86. For example, a protein of the present invention can bind cynomolgus CD80 and
CD86 with a Kpof 20 nM to 120 nM, 40 nM to 120 aM, 60 nM i 120 nM, 80 aM to 120 nM,
20 nM to 100 oM, 40 oM to 100 oM, 60 nM to 100 nM, 80 nM to 100 nM, 20 nM to 80 oM, 40
nM to 80 oM, or 60 oM to 80 nM as measured by a steady-state affinty assay by Surface

Plasmon Resonance (SPR).
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i Antibodies

{0239]  Also provided herein are antibodies that specifically bind OX40L. In some
embodiments, an antibody that specifically binds OX40L comprises a heavy chain variable
domain {VH) and light chain variable domain (VL) selected from the sequences listed in
TABLE 1.

{8240] 1o some crobodiments, the heavy chan vanable domain and the light chain vanable
domain of antibodies described herem comprise VH and VL CDR sequences selected from the

consensus VH and VL sequences listed in TABLE 2.

{0241]  Unless indicated otherwise, the CDR sequences provided in TABLE 2 are deternuned

under the IMGT unigue numbering scheme

{0242]  In some embodiments, antibodies of the present invention may be IgG, IgM, IgA IgD
or IgE. In certain embodiments, antibodies described herein are 1gG1, IgGl, IgG3, or lgG4. In

certain embaodiments, the antibodies of the present mvention are human lgG1 antibodies.

{0243]  In certain embodiments, antibodies that specifically bind to OX40L comprisc a
VHCDR3 sequence selected from the consensus sequence of SEQ 1D NO: 220 or SEQ IDNO:
221

{0244]  In some embodiments, anfibodies that specifically binds to OX40L comprise: a heavy
chain variable complementarity~-determining region 1 (VHCDRI) comprising an amino acid
sequence of SEQ ID NG: 222; a heavy chain variable complementarity-determining region 2
{(VHCDR?) comprising an anuino acid sequence of SEQ ID NG 223, SEQ 1D NO: 224, or SEQ
{0 NO: 2235); and a heavy chain variable complementarity-determining region 3 (VHCDR3)

comprising an amino acid sequence of: SEQ 1D NO: 220 or SEQ ID NG: 221

{0245]  In some embodiments, antibodies that specifically bind to OX40L comprise: a light
chain variable complementarity-determuning region 1 (VLCDRI) comprising an amino acid
sequence of SEQ ID NQO: 226 or SEQ 1D NG 227; a light chain vanable complementarity-
determining region 2 (VLCDRZ2) comprising an amino acid sequence of SEQ ID NO: 82, SEQ
1D NG: 228 or SEQ D NO: 90; and a light chain variable complementarity-determining region 3

(VLCDR3)Y comprising an amino acid sequence of SEQ 1D NG: 231 or SEQ 1D NO: 232,

{0246]  In some embodiments, antibodies that specifically bind to OX40L comprise: a
VHCDRI comprising an amino acid sequence of SEQ 1D NO: 222; a VHCDR? comprising an
154
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~

aming acid sequence of SEQ ID NO: 223, a VHCDR3 comprising an amino acid sequence of
SEQ D NO: 220; a VLCDRI comprising an anuno acid sequence of SEQ D NO: 226, a
VLCDRZ comprising an amino acid sequence of SEQ 1D NO: 87; and a VLCDR3 comprising

an amino acid sequence of SEQ ID NG: 231,

{0247  In some emboduments, antibodies that specitically bind OX40L comprise: a VHCDRI
comprising an amingo acid sequence of SEQ 1D NG: 222; 2 VHUDR2 comprising an aming acid
sequence of SEQ HD NO: 224; 3 VHCDR3 comprising an amino acid sequence of SEQ 1D NO:
221 a VLCDRI comprising an amino acid sequence of SEQ 1D NO: 227; a VECDR2

comprising an amine acid sequence of SEQ 1D NO: 228, and a VLCDR3 comprising an aming

acid sequence of SEQ 1D NO: 232,

{0248]  In some embodiments, antibodies that specifically bind to OX40L comprise,
according to the IMGT wuique numbering scheme, VHCDRI, VHCDRZ, VHCDR3, VLCDRL1,
VLCDRZ, and VLCDR3 cach comprising an anmino acid sequence corresponding to the
VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and VLCDR3 sequences of a VHCDR

and VLCDR consensus sequences of TABLE 2, respectively.

{02491  In certam embodiments, the antibody that specifically binds OX40L comprises an
antibody heavy chain (HC) that comprises an amino acid sequence at least 90% (e g., at least
1%, at least 929%, at least 93%, at lcast 94%, at lcast 93%, at least 96%, at least 97%, at least
98%, at least 99%, or 100%) 1dentical to the HC of an antibody disclosed in TABLE 3, and an
antibody light chain (LC) that comprises an amino acid sequence at least 90% (e.g., at least 91%,

at least 92%. at least 93%, at least 94%, at least 95%, at lcast 96%, at least 97%. at lcast 98%, at

icast 99%, or 100%) identical to the LC of the same antibody disclosed in TABLE 3. In certain
embodiments, the antibody that specifically binds OX40L comprises an antibody heavy chain
variable domain (VH} that comprises an amino acid sequence at least 90% {e.g., at least 91%, at
least 92%, at least 93%, at least 94%, at least 5%, at least 96%, at least 97%, at least 989, at
ieast 99%, or 100%) identical to the VH of an antibody disclosed in TABLE 3, and an antibody
light chain vaniable domain (VL) that comprises an amine acid sequence at least 90% (e.g.. at
least 91%, at least 92%, at least 93%. at least 94%, at least 959, at least 96%, at least 97%, at
lcast 98%, at least 99%, or 100%;) identical to the VL. of the same antibody disclosed in TABLE
3. In certain embodiments, the antibody comprises the heavy chain CDRIY, CBR2, and CDR3
and the light cham CDR1, CDR2, and CDR3, determined under IMGT unigue numbering
scheme, Kabat {see Kabat er ol , (1991} Scquences of Proteins of Inumunological Interest, NIH
Publication No. 91-3242, Bethesda), Chothua (see, ez, Chothia C & Lesk A M, (1987}, ¥ Mol
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Biol. 196: 501-917), MacCallum (see MacCallum R M er o/, (1596} §. Mol Biol. 262: 732-745),
or any other CDR deternunation method known in the art, of the VH and VL sequences
disclosed in TABLE 3.

{0256]  In certain embodiments, the antibody that specifically binds to OX40L comprises a
heavy chain complementarity-determning region 1 (VHCDR1) comprising an amino acid
sequence of GGSISTSSYY (SEQ ID NO: 77), a heavy chain complementarity-determining
region 2 {(VHCDRZ) comprising an amino acid sequence of IYYSGST (S8EQ ID NG 78), a
heavy chain complementarity-determining region 3 {VHCDR3) comprising an amino acid
sequence of ARHRGSYFFDI (SEQ 1D NG: 79}, a light chain complementarity-determining
region 1 {VLCDRI) comprising an amino acid sequence of DIENKN (SEQ ID NQ: 81), alight
chain complementarity-determining region 2 (VLCDR2) comprising an amine acid sequence of
RDN (SEQ ID NGO 82), and a light cham complementarity-determining region 3 (VLCDR3)
comprising an aming acid sequence of QVRDSNIVY (SEQ 1D ND: &3).

{0251}  In some embodiments, the antibody that specifically binds to OX40L comprises a
VHCDR1I comprising an amino acid sequence of GVSIRSNGYY (SEQ IDNO: 93}, a VHCDR2
comprising an amino acid sequence of MDY SGT (SEQ 1D NO: 94}, a VHCDR3 comprising an
amino acid seguence of ARERSNNWYPIDY (SEQ ID NO: 93), a VLCDRI comprising an
amino acid sequence of SVRRFF (SEQ ID NG: 97, a VLCDR?Z comprising an amino acid
sequence of GKD (SEQ 1D NG: 98), and a VLCDR3 comprising an amino acid sequence of
NESRDSSGYLVL (SEQ ID NO: 99).

{0252]  In some embodiments, the antibody that specifically binds to OX40L comprises a
VHCDRI comprising an aming acid sequence of GASYSSSSYY (SEQ 1D NO: 85), a VHCDR2
comprising an amino acid sequence of INYGGST (SEQ ID NG: 86), a VHCDR3 comprising an
amino acid sequence of ARHRGIYHFDY (SEQ 1D NO: 87), a VLCDRI comprising an amino
acid sequence of NIENKN (SEQ 1D NO: 89), a VLCDRZ comprising an amino acid sequence of
RDS (SEQ ID NG 90), and a VLLDR3 comprising an anuno acid sequence of QVWDENTVY
(SEQ ID NG 91).

{0153] In some embodiments, the antibody that specifically binds to OX40L comprises a
VHCDRI comprising an amino acid sequence of GGSISSSSYY (SEQ ID NO: 101}, a VHCDR2
comprising an aming actd sequence of IGSVDYSGNT (SEQ 1D NO: 102}, a VHCDR3
comprising an amino acid sequence of ARHRGIYFFDY (SEG 1D NO: 103), a VLCDRI
comprising an amino acid sequence of NIENKN (SEQ ID NO: 89), a VLUDR2 comprising an
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aming acid sequence of RDS (SEQ ID NO: 90), and a VLCDR3 comprising an amino acid
sequence of QVWDSNTVY (SEQ ID NG 91).

{0254]  In some embodiments, the antibody that specifically binds to (X40L compriscs a
VHCDR]I comprising an amino acid sequence of GFTFSNYA (SEQ 1D NO: 133}, a VHCDR2
comprising an amino acid sequence of ISGSGGAT (SEGQ 1D NO: 113), a VHCDR3 comprising
an amino acid sequence of TKDRLIMATVRGPYYYGMDV (S8EQ 1D NO: 1143, a VLUDRI
comprising an aming acid sequence of QSISSY (SEG 1D NG: 121}, a VLCDR2 comprising an
amino acid sequence of AAS (SEQ 1D NG: 146), and a VLCDR3 comprising an amino acid
sequence of QQSHSVSFT (SEQ 1D NG: 134).

[02155]  In some emboduments, the antibody that specifically binds to OX40L comprises a
VHCDRI comprising an amino acid sequence of SYAMS (SEQ ID NG: 103), a VHCDR2
comprising an amino acid sequence of HSGSGGFTYYADSVK (SEQ ID NG 106}, a VHCDR3
comprising an amino acid sequence of DRLVAPGTFDY (SEQ 1D NO: 107), a VLCDRI
comprising an amine acid sequence of RASQGISSWLA (SEQ ID NG: 169), a VLCDR2
comprising an amino acid sequence of AASSLQS (SEQ ID NG 170), and a VLUDR3
comprising an amino acid sequence of QQYNSYPYT (SEQ ID NG 171).

{9256]  In certain embodimenis, the antibody that specifically binds OX40L comprises a VH

that comprises an amino acid sequence at least 90% {e.g., at least 91%, at least 92%, at least

939%, at feast 94%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%)

identical to SEQ ID N 76, and a VL that comprises an amino acid sequence at least 90% {e.g.,
9/ 0/

at least 91%. at least 92%, at least 939, at least 94%, at least 95%. at least 96%, at least 97%, at

icast 98%, at least 99%, or 100%;) identical 1o SEQ 1D NO: 80,

{02571 In certain embodiments, the antibody that specifically binds OX40L comprises a VH
that comprises an amino acid sequence at least 90% (e.g., at least 91%, at least 92%, at least
93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, or 180%)
identical to SEQ D NO: 92, and a VL that comprises an amino acid sequence at least 90% {e.g.,
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 89%, or 100%;} identical to SEQ D NO: 96,

{0258]  In certain embodiments, the antibody that specifically binds OX40L comprises a VH
that comprises an amino acid sequence at least 90% {e.g., at least 91%, at least 92%, at least

3%, at least 94%, at least 95%. at least 96%, at least 97%, at least 98%, at least 99%, or 100%

>

identical to SEQ D NO: 84, and a VL that comprises an amino acid sequence at least 90% (e.g.,
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at least 919%, at feast 92%, at least 93%, at least 94%, at least 959, at least 96%, at feast 97%, at

least 98%, at least 99%, or 100%;) identical to SEQ 1D NO: 88.

{0259]  In certain embodiments, the antibody that specifically binds OX40L comprises a VH
that comprises an aming acid sequence at least 90% {e.g., at least 91%, at least 92%, at least
93%, at lcast 94%, at least 93%, at least 9696, at least 97%, at least 98%, at least 99%, or 100%)
identical to SEQ 1D NG: 100, and a VL that comprises an amino acid sequence at least 90%
{e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 93%, at least 96%, at least

97%. at least 98%, at least 99%, or 100%;) identical to SEQ D NG 104,

{0268]  In certain embodiments, the antibody that specifically binds OX40L comprises a VH
that comprises an amine acid sequence at least 90% {e.z., at least 919, at least 92%, at least
93%, at least 94%, at least 95%, at least 969, at least 97%, at least 98%, at least 99%, or 100%)
identical to SEQ 1D NO: 31, and a VL that comprises an amino acid sequence at least 90% {e.g.,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at lcast $7%, at

Teast 989, at least 99%, or 100%) dentical to SEQ D NO: 30,

{0261]  In certan embodiments, the antibody that specifically binds OX40L comprises a VH
that comprises an amino acid sequence at least 90% (e.g., at least 919%, at least 92%, at least
93%., at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%)
identical to SEQ I NO: 33, and a VL that comprises an anino acid sequence at least 90% {e.g.,
at least 91%, at least 92%, at least 939%, at least 94%, at least 93%, at least 96%, at least 7%, at

feast 989, at least 99%, or 100%) 1dentical to SEQ 1D N 32,

{02621  In certain embodiments, the antibody that specifically binds OX40L comprises a HC

that comprises an anino acid sequence at least 90% {e.g., at least 919, at least 92%, at least

93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%)

identical to SEQ 1D NO: 8, and a LC that comprises an amino acid sequence at least 90% (e.g,
~o/

at least 91%, at least 92%, at least 93%, at feast 949%, at least 93%, at least 96%, at least 97%, at

least 98%, at least 99%, or 100%) identical to SEG ID NG 7

{0263] In coriain emboduments, the antibody that specifically binds X40L comprises a HC
that comprises an amino acid sequence at least 90% {e.g., at least 91%, at [cast 92%, at least
93%, at least 949, at least 93%, at least 96%, at least 97%, at least 98%, at least 999%, or 100%)
identical to SEQ ID N 16, and a LC that comprises an amino acid sequence at least 90% (e.g.,
at least 91%. at least 92%, at least 939, at least 94%, at least 95%, at least 96%, at least 97%, at

icast 98%, at least 99%, or 100%) identical to SEQ ID NO: 15,
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{0264]  In certain embodiments, the antibody that specifically binds OX40L comprises a HC
that comprises an amino acid sequence at least 90% {e.g., at lcast 91%, at least 92%, at least
93%, at least 949, at least 93%, at least 96%, at least 97%, at least 98%, at least 999%, or 100%)
wdentical to SEQ D NO: 14, and a LC that comprises an amino acid sequence at least 90% (e.g.,
at least 91%, at Ieast 92%, at least 939, at least 94%, at least 95%, at least 96%, at least 97%, at

least 98%, at least 99%, or 100%) identical to SEG 1D NO: 13,

{0265]  In cortain embodiments, the antibody that specifically binds OX40L comprises a HC
that comprises an amino acid sequence at least 90% {e.g., at least 91%, at least 92%, at least
939%, at feast 94%, at least 93%, at least 96%, at least 97%, at least 98%, at least 999%, or 100%)
identical to SEQ ID N 18, and a LC that comprises an amino acid sequence at least 90% (e.g.,
at least 91%. at least 92%, at least 93%, at least 94%, at least 93%, at least 96%, at least 97%, at

least 98%, at least 99%, or 100%) identical to SEQ 1D NQG: 17.
{1 Therapeutic Applications

{0266]  The present disclosure also provides pharmaceutical formulations that contain a
therapeutically effective amount of a protein disclosed herein. The pharmaceutical formulation
COMPIiSes one of more excipients and is maintained at a certain pHL. The term “excipient,” as
used herein, means any non-therapeutic agent added to the formulation to provide a desired
physical or chemical property, for example, pH, osmolarity, viscosity, clarity, color, sotonicity,

odor, sterihity, stability, rate of dissolution or release, adsorption, or penetration.

{02677 The present application provides methods for treating autoinunune discase using a
protein described herein and/or a pharmacentical formulation described herein. The methods
may be used to treat a variety of autoimmune discases including, but not limited to, theumatoid
arthritis, juvenile idiopathic arthritis, psoriatic arthritis, atopic dermatitis, Achalasia, Addison’s
disease, Adult Stdl's discase, Agammaglobulinemia, Alopecia arcata, Amyloidosis, Ankylosing
spondyiitis, Anti-GBM/Anti-TBM nephritis, Antiphospholipid syndrome, Avtoimmune
angicedema, Autoimmune dysautonomia, Autoimmune cacephalomyelitis, Autoimmune
hepatitis, Autoinuonune inoer ear disease (AIED), Autoienune myocarditis, Autommmune
cophoritis, Autoimmmune orchitis, Astoimmune pancreatitis, Autoimmune retinopathy,
Autoimmane urticania, Axonal & neuronal neuropathy (AMAN], Balé disease, Beheet's discase,
enign mucosal pemphigoid, Bullous pemphigoid, Castleman disease (CD), Celiac disease,
Chagas disecase, Chrome inflammatory demyvelimating polyneuropathy (CIDP), Chronic recurrent

multifocal osteomyelitis (CRMO), Churg-Strauss Svndrome (CSS) or Eosinophilic
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Granulomatosis (EGPA}, Cicatricial pemphigoid, Cogan’s syndrome, Cold agglutinin disease,
Congenital heart block, Coxsackie myocarditis, CREST syndrome, Crohn's disease, Cutancous
Lupus, Dermatitis herpetiformis, Dermatomyositis, Devie’s disease (neuronmyelitis optica),
Discoid lupus, Dressler’s syndrome, Endometniosis, Eosmophilic esophagitis (EoE),
Eosiophilic fasciitis, Erythema nodosum, Essential mixed crvoglobulinemia, Evans syndrome,
Fibromyalgia, Fibrosing alveolitis, Giant cell arteritis (teraporal arteritis), Giant cell myvocarditis,
Glomerulonephritis, Goodpasture’s syndrome, Granulomatosis with Polyangiitis, Graves’
disease, (nnllain-Barre syndrome, Hashimoto's thyreiditis, Hemolvtic anemia, Henoch-
Schonlein purpura (HSP), Herpes gestationis or pemphigoid gestationis (PG}, Hidradenitis
Suppurativa {HS) (Acne Toversa), Hypogammalglobubinemia, IgA Nephropathy, IgG4-related
scleroging disease, Immune thrombocviopemce purpura (ITP}, Inclusion body myvositis (IBM),
Interstitial cystitis (10}, Juventie arthritis, Juventie diabetes (Type 1 diabetes), Juvenle myositis
{IM). Kawasaki disease, Lamberi-Eaton syndrome, Leukocytoclastic vasculitis, Lichen planus,
Lichen sclerosus, Ligneous conjunctivitis, Linear IgA disease (LAD), Lupus, Lyme discase
chronic, Meniere’s disease, Microsecopic polvangiitis (MPA), Mixed connective tissue disease
MCTD), Mooren’s uleer, Mucha-Habermana disease, Multifocal Motor Neuropathy (MMN) or
MMNCB, Multiple sclerosis, Myasthenia gravis, Myositis, Narcolepsy, Neouvatal Lupus,
Neuromyvelitis optica, Neutroperua, Geular cicatricial pemphigod, Optic neuritis, Palindromic
theumatism (PR}, PANDAS, Parancoplastic cercbellar degeneration (PUD), Paroxysmal
nocturnal hemoglobinuria (PNH3, Parry Romberg syadrome, Pars planitis (peripheral uveitis),
Parsonage-Turner syndrome, Pemphigus, Peripheral neuropathy, Perivenous encephalomyelitis,
Permicious anemia {PA), POEMS syndrome, Polyartentis nodosa, Polyglandelar syndromes type
i, H, i Polvmyalgia theumatica, Polymyositis, Postmyocardial infarction syndrome,
Postpericardiotony syndrome, Primary biliary cirrhosts, Primary sclerosing cholangitis,
Progesterone dermatitis, Psoriasis, Psoriatie arthritis, Pure red cell aplasia (PRCA), Pvoderma
gangrenosem, Raynaud’s phenomenon, Reactive Arthritis, Reflex sympathetic dystrophy,
Relapsing polychondritis, Restless legs syndrome (RLS), Retroperitoneal fibrosis, Rheumatic
fever, Rheumatoid arthritis, Sarcoidosts, Schoudt syndrome, Sclentis, Scleroderma, Sjdgren’s
svndrome, Sperm & testicular autoimmunity, SUff person syndrome (SPS}, Subacute bacterial
endocarditis (SBE}, Susac’s syndrome, Sympathetic ophthalona (SO), Takavasu’s arteritis,
Temporal arteritis/Giant cell arteritis, Thrombocytopenic purpura (TTP), Thyroid eve discase
{TED), Tolosa~-Hunt syndrome (THS), Transverse myelitis, Type | diabetes, Ulcerative colitis
{(UQC), Undifferentiated connective tissue disease (UCTD), Uveitis, Vascolitis, Vitdigo, and

Vogt-Koyanagi-Harada Disease.
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{0268]  The present application additionally provides methods for treating graft versus host
discase (GVHD) in a paticnt, the method comprising administering a protein or pharmaceutical

formulation as described beremn.
EXAMPLES

{0269]  The disclosure now being generally described, will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration of
certain aspects and embodiments of the present disclosure, and are not intended to himit the

scope of the disclosure in any way.
EXAMPLE 1: Reagent Preparation, Immunization Method, and Screening Assays

{0278]  This example describes the reagents, immunization method, and screeming assays that

were used to generate data provided herein.
1.1 Reagent Preparation and Screening Assays
4.1 Generation of OX40-HEK reporter cells

{0271 The HEK293 EBNA-NFkb-Luc ccll line was transfected with a plasnud vector for
stable expression of full-length human OX40 (SEQ 1D NG: 250). Stable mini-pools were
selected with hygromycin and screened for induction of huciferase activity after incubation of

cells with recombinant His-tag human OX40L protein (R&D systems).

Human OX49 (underlining denotes signal peptide)

MCVGARRLGRGPCAALLLLGLGLSTVIGLHOVGDTY PSNDRCCHEC
RPGNGMVSRCSRSONTVCRPCGPGEYNDVVSSKPCKPCTWONLRSGS
ERKQLCTATODTVCRCRAGTGPLDSY KPGVDCAPCPPGHFSPGDNQA
CKPWTNCTLAGKHTLOQPASNSSDAICEDRDPPATQPQETQGPPARPIT
VOPTEAWPRTSOGPSTRPYEVPGGRAVAAILGLGLVLGLLGPLAILLA
LYLLRRDORLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI (SEQ 1D
NO: 250)

1.4.2  Production of multi-valent human OXA0L recombinant protein

{0272]  Human OX40L extracellular domain (ECD) (amino acids 51-183 of SEQ ID NO: 2)
was expressed fused to Avi-GST-6His~tag domains ("6His” disclosed as SEQ 1D NO: 338),
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purified via the G5T domain, and further purified by size exclusion chromatography. The
resulting OX40L ECD fusion protein "TAVE-GST-His6-hQOX40L" ("His6" disclosed as SEQ 1D
NGO 338) is a soluble protein reagent that is multi-valent for GX40L ECD.

1.1.3 Production of CHO-N cells expressing human, cynomolgus monkey or mouse OX40L

{02731  CHO-S cells were transfected with a plasmid vector for stable expression of full-
fength human OX40L (SEQ ID NG: 2), full-length cynomelgus monkey OX40L (SEQ 1D NGO
337, or full-length mouse OX40L (SEQ ID NG: 251). Stable mini-pools were selected with
hyvgromyvein and cells were further screened and selected by Hlow cytometry for surface

expression of the OX40L proteins.
Cynomolgus Monkey OX40L Amino Acid Sequence

MERVQPLEENVONAARPRFERNKLLEVASVIQGLGLLLCFTYICLHES
ALQVEHQYPRIQSIKVOFTEYKKEEGFILTSQKEDEIMKVOQNNSVIING
DGFYLISLKGYFSQEVNISLHYQKDEEPLFQLKKVRSVNSLMVASLTY
KDEKVYLNVTTDNTSLDDFHVNGGELILTHONPGEFCVL (SEQ ID NO:
337}

Mouse OX40L Aming Acid Sequence

MEGEGVQPLDENLENGSRPRFKWKKTLRLVVSGIKGAGMLLCFIYVC
LOL

SSSPAKDPPIQRLRGAVTRCEDGQLFISSYKNEY QTMEVONNSVVIKC

BGLYNYLKGSFFQEVKIDLHFREDHNPISIPMLNDGRRIVFTVVASLAF
KDKVYLTYNAPDTLCEHLOINDGELIVVOQLTPGY CAPEGSYHSTVNG

VPL (SEQ ID NO: 251)

1.1.4 Flow cyfometry assay fo screen for human, cynomolgus monkey, or mouse OX40L binding

{0274]  CHO-S cells expressing surface OX40L (human, cynomolgus monkey or mouse)

gencrated in 1.1.2 were stained with a dilution series prepared from imumuonized rat senum or with
recombinant anti-OX40L antibodies. Antibody binding to the CHO-S-0X40L cells was detected
with fluorescently labelled anti-rat-IgG or anti-human IgG Fe secondary antibody as appropriate

and measured by flow cytometry.
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1.1.5 ELISA screen for binding o recombinant human, cynomoigus monkey, or mouse QX401

{0275]  ELISA assay plates were coated with recombinant human (Novoprotein cat # CI45),
cynomolgus monkey {Novoprotein cat.# CP72) or mouse OX40L (R&D systems cat.# 1236-0X)
proteins followed by incubation with a dilution series prepared from mmmumized rat serum or
with recombinant anti-OX40L antibodies. Antibody binding to the coated ELISA plates
contamning recombinant OX40L was detected with peroxidase conjugated anti-rat-IgG or IgM or

anti-human 1gG Fe secondary antibody as appropriate.

1.1.6 ELISA screen for anti-OX40L anitbodies that block OXH4G1..OX40 pretein binding

inferaction

{0276]  Recombinant 8X40-Fc fusion protein (R&D Systems) was coated onto 384-well
ELISA assay plates and then blocked with BSA . Soluble recombinant OX40L-His protein (R&D
Systems or in-house produced) was added to OX40-Fe coated assay plates and after incubation
and washing, binding of solable OX40L-His to coated OX40-Fo was detected with peroxidase-
conjugated anti-His antibody. This condition gives the maximum signal of OX40L binding to
OX40 without mlubttion. To test anti-OX40L avtibodies for inbhibition of OXA40L:0X40 binding,
soluble OX40L-His protein was mixed with anti-OX40L antibodies, incubated, added to OX40-
Fe coated assay plates and binding of OX40L to OX40 detected as above.

7

1.1.7 Human and cynomelgus monkey OX401. steady-state affinitv assay by Surface Flasmon

Resonance (SPR}

{0277]  Recombinant OX40L proteins (human OX40L protein, R&D systems, cat.# 1054-0X;
cynamolgus mounkey OXA40L, Novoprotein cat.# CP72) were mumobilized onto Bilacore CMS
sensor chips and anti-OX40L antibodies were bound to this surface at a range of concentrations.
The response at sieady state was measured with a Biacore T200 instrament (GE Healthcare) and
plotted against the concentration of antibody and fit to a 1:1 binding model. The steady state KD
was determained as the antibody concentration at a response equal to half the maximal respouse

{Rumax).

1.4.8 Human and cynomolgus monkey CD80 and CDSG steady-state affinity assay by Surface

Plasmon Resonance (SPR} or Bio-Laver Interferometry (BLI)

{0178]  Goat anti-human IgG Fe (Jackson ImmunoRescarch Goat anti-human IgG Fe

Antibody, cat.# 109-003-098), immobilized onto Biacore CM3 sensor chips, was used to capture
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experimental CTLA4  anti-OX40L fusion proteins or CTLA4-Ig reference proteins via their Fe
regions. Recombinant CDE0 proteins (human D80, Novoprotemn cat.#f CK61; cynomolgus
monkey CD80, Novoprotemn cat # CP34} and CDE6 proteins (human CD86, Novoprotein cat.#
C404) were bound to this surface at a range of concentrations. The response at steady state was
measured with a Biacore T200 instrument (GE Healtheare} and plotted against the concentration
of antibody and fitto a 1:1 binding model. The steady state KD was determined as the antibody

concentration at a response cqual to half the maximal response (Rmax).

{92791 Cynomolgus monkey CD86 (Novoprotein cat # CP41) steady-state affinity was
measured with an Octet REDOS instrument (ForteBio) in a BLI assay. The Fe region of
experimental CTLA4  anti-OX40L fusion proteins or of CTLA4-Ig reference protein was
captured using anti-human 1gG Fe Capture {AHC) Biosensors (ForteBio, cat # 18-5060).
Recombinant cynomolgus monkey CD86 was bound to this surface at a range of concentrations.
The response at steady state was plotted against the concentration of recombinant protein and {it
to a 1.1 binding model. The steady state Kp was determined as the recombinant protein

concentration at a response equal to half the maximal response (Rmax).
1.1.9 OX40L peutralization assay screen

{0280] HEK?293 NFkB-Luc hOX40 reporter cells {as described in 1.1.1} were plated at 0.5 x
10° cells/mL in serum-free media {Life Technologies: DMEM, Hygromyein B, Blasticidin and
L-Glutamine), 50,000 cells/60 ul/well in a tissue culture treated clear bottom 96 well plate
{Falcon) and incebated overnight at 37 °C, 5% CQOa. A dilution series from immumzed rat
serum, or anti-0X40L antibodies was prepared in culture media in a 96 well plate (NUNC). 30
ul of the titration serics were transferred to a 96 well plate (NUNC) contaiming 30 ul of 10
pg/mL recombinant human OX40L (described in 1.1.2) in each well. The antibody and
recombinant OX40L muxture was incubated for 30 min. at room femperature, 20 pl of the
mixture/well was added to the reporter cells and incubated overnight at 37 °C, 5% C0». Each
condition was perforroed in duplicate. 100 pl. of SteadyGlo substrate (Promega, # E2520) was
added to gach well, plates were covered, protected from light and incubated at room temperatore
for 30 qun. Plates were read utilizing the ultra-sensitive luminescence program (Luninescence

0.1sec) on the Envision plate reader (Perkin Elmer).
1010 Human OX40L induced 11.-2 in Primary T cell activation assay
{02811  CD4™ T cells were isolated using RosetteSep Human T Cell Enrichment Kit (Stem{cli

Technologies, 15062). 96-well plates were coated with 5 ug/mL anti-CD3 (BD Biosciences,
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555338y and 5 pg/mb Anti-CD28 (BD Biosciences, 5535725) for 1 hr at room temperature. Plates
were washed with 200 pl, 1X PBS, twice. Antibodics were prepared in 1:3.5 serial titration from
100 8M and then incubated with 10 pg/mL recombinant buman OX40L (R&D Systems, 1054-
OX) for 30 min at 37 °C, 5% CO». Cells were resuspended at 1 x 10° cells/mL and 600 plL of
cells were added to a 0.5 mL 96 well deep well plate with 120 gL of the antibody/thOX40L
mixture. 200 ul of the cells/antibody/thOX40L mixture was added to cach well of the anti-
CD3/anti-CD28 coated plate. Plates were incubated for 48 hrs at 37 °C, 5% COq. After
meubation, 30 ul of supersatant was collected and tested with noman IL-2 Alphal ISA (Perkin
Elmer, AL221(). Plates were read utilizing the AlphaScreen protocol on the Envision plate

reader (Perkin Elmer).
EXAMPLE 2: Identification, Generation, and Characterization of Anti-OX40L Antibodies

{0282]  This example describes the identification, generation, and characterization of anti-
OX40L antibodies. In order to generate the anti-OX40L antibodics, QouiRat® rodents (a
transgenic animal, purchased from Open Monoclonal Technology, Inc. (Palo Alto, CA,
subsidiary of Ligand Pharmaceuticals, nc., San Diego, CA), that expresses imnnmoglobuling
with fully human variable regions) were first immunized with human OX40L DNA cxpression
vector, followed by immunization rounds with hus-tagged recombinant human OX40L
extraceilular domain (ECD) protein. Serum from immumzed OmniRats® was screened for
binding to CHO-S cells that expressed cell surface OX40L proteins using flow cytometry as
described i 1.1 4 of Example 1. Serum from immunized OmniRats® was also screened for
binding to recombinant (0X40L proteins using ELISA as deseribed in 1.1.5 of Example 1. After
multiple rounds of immunization with human OX40L antigen via DNA expression vector and
recombinant protein inununization, OmniRats® were identified with serum immune response for
binding to human and cvnomolgus OX40L.. Sera were subsequently screened for neutralizing
activity against soluble recombinant OX40L in the blocking ELISA assay described m 116 of
Example 1 and hwnan OX40L neutralization assay described i 1.1.9 of Example 1. Rats whose
sera demonstrated good neutralizing activity and high titer to bind col surface OX40L and
soluble recombinant OX40L were selected. Cells were harvested from the spleen and lymph
nodes of selected rats for subsequent direct B cell cloning and for B cell culture and screening

followed by cloning.
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2.1 B Celi Sorting, B Cell Culture, and Cloning of Anti-OX401. Antibodies

{0283]  Single B cell sorting was performed from lymphocyies collected from selected
immonized rats with high serum immune response that demonstrated OX40L neutralization
activity and binding to OX40L target. Briefly, cells collected from spleen and/or lymph nodes of
selected rats were incubated at 4 °C, first with anti-rat CD32 {clone D34-485, BD Biosciences)
to block Fe receptors on these celis, followed by muldti-valent human OX40L recombinant
protein {produced as described in 1.1.2 of Example 1), Cells were then washed and incubated
with a muxture of FITC-conjugated goat anti-rat IgM (SouthernBiotech cat # 3020-02), PE-Cy7-
conjugated mouse anti~-rat CD45R (clone HIS 24, eBioscience}, APC-conjugated mouse anti-His
{clone AD1.1.10R, R&D) and depending on the genetic background of the selected OmniRat®
and the sorting strategy PE-conjugated mouse anti-human lg Lambda {(clone 1-135-2. BD
Biosciences) or V430-conjugated mouse anfi-human Ig Kappa (clone G20-193, BD
Biosciences). Single OX40L-binding B cells were sorted with a FACS Aria 1 (BD Biosciences)
into each well of a 96 well plate. For direct B cell cloning, single 8X40L-binding B cells were
sorted directly into wells containing lysis buffer (0.1M DTT, 40 U/ml RNAse Inhibitor,
Invitrogen, Cat# 10777-019) and plates were sealed and immediately frozen on dry ice before
storage at -80 °C. For B cell colture and screening, OX40L-binding B cells were sorted mnto
wells with B cell culivre medium containing cytokines and irradiated in-house generated feeder
cells. These B cell culture plates were incubated at 37 °C 1o a 5% COZ mcubator for 7 dayvs and
then supernatants from cach well were screened by ELISA for binding to human and
cynomolgus OX40L as in described 1.1.5 of Example 1. Sclected OX40L-binding B cell cultare

clones were recovered tfrom the wells and placed o lysis buffer.

{0284]  lg V-genc cloning from cach single sorted B cell was performed using a protocol
modified from Tilerer o/, § Iamunol Methods, 2008, 1: 329 (1-2). Briefly, total RNA from
single sorted B cells was reverse transcribed in a final volume of 14 pl/well in the original 96~
well sorting plate with nuclease-free water (Invitrogen, Cat#t AM9935) using final
amounts/concenirations of 150 ng random hexamer primer {(pd(N)6, Applied Biosystems, P/N
NRG8-0127) and SOU Superscnpt IV reverse transcriptase (Invitrogen, Cat# 180900350} following
the manufacturer’s protocol. Primers were modified based on previous publications {(Wardemann
et al, Science, 2003, 301:1374-1377) and/or designed by examining published Ig gene segment
nucleotide sequences from IMGT®, the international fovmunogenctics information system
¢(hitp:/Avww amgt.org; {(Lefranc et al., 2009) and NCBI (http//www nebi.nlm mh govigblast/)

databases. Human Igh, IgK, and IgL. V genc transcripts were amplified independently by two
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rounds of nested (IgH, IgK and Igl) PCR starting from 5 ul of ¢DNA as template. All PCR
reactions were performed in 96-well plates in a total volume of 50 ul per well by using Platinum
Multiplex PCR Reaction {(Invitrogen, Cat#4464269}) for first round of PCR, then by AccuPrime
Tag DNA Polvmerase High Fidelity kit, (Invitrogen, Cat#. 12346-094) for nested PCR following
the manufacturer’s protocol. The first round of PCR was performed at 95 °C for 2 min followed
by 30 cycles of 94 °C for 30 sec, 30 °C for 30 sec, 72 °C for 40 sec, and final incubation at 72 °C

tor 5 min.

{1285]  Nested second round PCR was performed with 5 ul of unpurified first round PCR
product at 95 °C for 2 mun followed by 5 ¢vcles of 94 °C for 30 sec, 42 °C for 30 sec, 72 °C for
45 see, and then 35 cyeles of 4 °C for 30 sec, 35 °C for 30 sec, 72 °C for 45 sec, and final

incubation at 72 °C for 5 min.

{0286]  Paired Vu and Vi antibody sequences were obtained from 360 OX40L-binding B celis
from direct B cell sorting and cloning, and 34 paired Vu and V1. antibody sequences were
obtained from B cell culture, screemng and cloning. These paired Vi and Vi sequences were
cloned into {gG expression vectors for recombinant antibody expression as standard format IgGl
antibodies for further screening, characterization, and DNA sequence confirmation and analysis.
Among the sclected B cell clones, diversity of antibody gene sequences was captured, falling in

a namber of clonal sequence clusters.
2.2 Anti-QX401 Antibody Clone Screening and Selection

{02871 IgG Feormat: Recombinant antt-OX40L antibodies were produced with the Ig
expression vectors constructed with the paired Vu and Vi sequences obtained through direct B
cell cloning and B cell culture approaches as described in section 2.1 of this example. Correctly
paired heavy and light chain vectors derived from the B cell clones were used for small-scale
transient transfection of Expi293F celis and then cell culture supernatants were collected after 7
days mcubation. Cell coltare supernatants containing recombinant anti-OX40L antibody clones
were screened for binding to CHO-S cells expressing cell surface OX40L protems by flow
cytometry as in described i 1.1 4 of Example 1, for binding to recombinant (X40L proteins by
ELISA as described in 1.1.5 of Example 1, for blocking OX40L protein from binding to OX40
by ELISA competition assay as in described in 1.1.6 of Example 1, and for ncutralization of

OX40L by OX40 reporter cell assay as described in 1.1.9 of Example 1.

{0288] Based on screening data for recombinant anti-0X40L clones in celf culture

supernatants and analvsis of the anti-OX40L clone sequences, a total of 85 anti-OX40L
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antibodies were selocted to be produced at 15 ml scale from transient transfection of ExpiCHO
cells and affimity purified with protein A beads to allow for more detatled characterization and
comparison among the clones and equivalently produced reforence proteins. These purified anti-
OX40L antibodies were compared based on binding to CHO-S cells expressing cell surface
OX40L proteins by flow cytometry as described in 1.1 4 of Example 1, binding to recombinant
OX40L proteins by ELISA as described in 1.1.3 of Example 1, blocking GX40L protein from
binding to OX40 by ELISA competition assay as described i 1.1.6 of Exaraple 1, neutralization
of (X40L by (0X40 reporter cell assay as described in 1.1.9 of Example 1, and neutralization of
3X40L-induced induced 1L-2 in Primary T cell activation assay as described in 1.1.10 of
Example 1, then 24 candidates were compared with steady-state Ko measurements for binding to

OX40L protein by Surface Plasmon Resonance (SPR) as described in 1.1.7 of Example 1.

Purified candidate anti~-OX40L antibodies were compared as described above and further
selected, with criteria that included clone sequence analysis, neutralization assay ICso < 20 nM
{reporter cell and primary cell assays) and steady-state SPR binding Ko < 60 aM. All selected
candidates bound to human and cynomaolgus OX40L and none were cross-reactive for binding to
mouse OX40L. 22 out of 85 candidates met the above criteria. Antibody sequences of these 22
candidates were analyzed and 12 candidate clones that represented the antibody clonal sequence
diversity were selected for further studies. Among these 12 anti-OX40L antibodies, clones
97G07 (dgG), 6TBO6 (1g(), 68F03 (Ig(s), 98E10 (IeG), 89B09 (degG), 98C01 (1sG), 88B06
{IgG), and 85F10 (Ig() bound {0 human OX40L with Ko between 15 - 31.9 nM, which was
similar to the binding Ko of the reference anti-OX40L antibodies. The rest of the clones bound
to buman OX40L with steady state Kp > 3ZuM. Sclected data for these 12 anti-0O¥X40L antibody

clones are summanzed in TABLE 8.
2.3 Characterization of Selected Anti-OX40L Antibody Clones
2.3.1 OX40L Neutralization Assay

{0289  Anti-OX40L antibody clones were tested for OX40L blocking function with the
OX40L neutralization assay. Briefly, test antibodies, isotype control and known anti-OX40L
reference antibody (positive controls) were sentally titrated i culture media, incubated with
recombinant haman OX40L, and added to OX40 receptor expressing HEK-luciferase reporter
cells as described in 1.1.9 of Example 1. Data were plotied with GraphPad Prism 8 software.
Normalization was performed using Unstimulated cells as 9% and Stuoulation with OX40L in

the absence of antibodies as 100% of Luciferase activity from each expenimental plate. 1Cso
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values for anti-OX40L antibodies were determined with GraphPad Prism by curve fitting using
the log (inhibitor} vs normalized response — variable slope equation. Eleven anti-0OX40L IgG
antibody clones neutralized OX40L with varying potency on the HEK reporter assay. Clones
97GOT (1g3), 67BO6 (Ig(), 68F03 (Ig(), 98E10 (1), 89B0Y (Ig(), 98CO1 (Ig(), and 95BO6
(Ig(3) demonstrated 1Cso values of 3.6-7 5uM, which was comparable to reference anti-OX40L
antibodies. Clones 30F02 (Ig(), 88B06 (1g(G), 85F10 (IgG) and 84E11 (Ig() had 1Cso values of

17710 72.7oM. TABLE 8 suounarizes data from this reporter assay.
2.3.2 Primary T cell Activation Assay

{0298] 10 {clones 85F12 and 835F10 were not tested in this assay) of the anti-OX40L antibody
clones were additionally tested with the Primary T cell activation assay described in 1.1.10.
Briefly, CD4" T cells were stinndated with anti-CD3, anti-CD28, and recombinant human
OX40L, and anti-OX40L antibody clones were tested in serial dilution m this assay. OX40L
mediated T cell activation resulted in high levels of IL-2 cytokine that can be reduced with
mncreasing concentration of anti-OX40L IgG antibodies, indicating neutralization activity. Data
were plotted with GraphPad Prism 8 software. Normmalization was performed using Unstimulated
T cells as 0% and Stimulated with OX40L i the absence of antibodies as 100% of {L-2 response
from cach experimendal plate. 1Cs0 values were determined with GraphPad Priso by curve fitting
using the log(inhibitor) vs normalized response — variable slope equation. TABLE 8 summarizes
ICse {in oM +/- SEM) from 2 experiments. Most of the tested anti-OX40L antibody clones

demoustrated OX40L neutralizing activity with ICso < 20nM.
2.3.3 Steady State Affinity Assay

{0281]  Stcady state affinity assay was performed as described in section 1.1.7 of Example 1.

TABLE 8 sumamarizes data from this assay.

TABLE 8: Data from Twelve Anti-0X40L (IgG)

Agents (Ig() OX46L Primary T cell Steady State
neutralization/OX48- | activation assay affinity human
HEK Reporter ICsy | ICsoaM (+/- SEM) | OX40L Kp (nM)
b {(+/-SEM)

97GO7 734332 167+ 1177 16.6
67B06 524366 209+ 14.78 12.7
638F03 574399 18.8+1329 258
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84E11 17741250 88 +622 3935
98E10 54+385 88 £6.19 328
89B09 44+313 16.7+7.57 316
9801 36+257 129+9.12 17.7
88B06 89 285 232
95BO6 37+266 74+3520 42.4
30F02 727 12.4+8.77 539
85F12 Not Tested Not Tested 75.6
85F10 54.6 +38.59 Not Tested 282

{02921  FIG. 2A 15 a flow chast providing the antibody screening cascade for anti-OX40L
antibodies. The flow chart shows the assays that were used to screen and shortlist the anti-
OX40L antibody clones to obtain twelve candidates. FIG, 2B is a flow chart providing the

candidate characterization cascade.

Example 3: Generation and Characterization of Anti-OX40L FcFab Antibodies and

CTLA4 antiQOX48L Fusion Proteins

{0293]  FcFab Format and CTLA4 antiOX40L Fusion protein Format: This example
describes how the twelve anti-OX40L clones were generated in FeFab and fusion with CTLA4

formats followed by characterization assays.

2.1 Generation of anti-OX40L FoFAb and CTLA4 aniQX40L (“UTLA4-Fe-anti-OX40L")

Fusion Protfeins

{0294]  The Fab domains of the twelve anti-OX40L clones {(as described in section 2.2 of
Example 2} were produced in two engineered protein formats: “FeFab” antibody and “CTLA4-
Fe-anti-OX40L7. In both protemn formats, the antibody Fab domain was attached at the C-
tenminus of a vanant IgG1 Fe domain protein. In brief, the N-terminus of the heavy chain of the
antibody clone, consisting of VH-CH 1 -and partial IgG1 hinge (EPKSC) sequence, was fused to
the Ceroious of a 16 amino acid finker sequence that was fused to the C-erminus of the Fo
polvpeptide. The heavy chain polvpeptides of these protein formats were co-expressed with the
antibody clone light chain polvpeptides, which associated with the heavy cham polypeptide of
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the Fab, and a disulfide bond was formed between the light chain and the C-terminal partial

1gG1 hunge of the heavy cham.

{0295]  The anti-0X40L FcFab antibodies heavy cham N-terminus began with the first amine
acid of the 1g(G1 hinge element E216 (Kabat EU index mumbering}, as represented in sequence

of SEQ ID NO: 73, The heavy chain and light cham amino acid sequences of the twelve

CTLA4 anti OX40L fusion proteins are represented in SEQ 1D NOs: 37-60.

{296]  Heavy chain BNA expression vectors for cach of the anti-OX40L FcFab antibodics
were produced by PCR amplification of the anti-0X40L antibody VH sequence and the PCR
products were cloned mto a FeFab heavy chain expression vector using 37 BandHl and 3 Nhel
restriction enzyme sites that flanked the VH sequence and are part of the codon sequence of the
16-amino acid linker and the CHI domain, respectively. The FeFab heavy chain expression
vector was generated by gene synthesis (Quintara Biosciences) and then cloning the gene
synthesis product into the transient expression vector p1 T35 {(Durocher ef ol , Nucleic Acids Res,
2002 Jan 153023 E9). The CTLA4 _anti OX40L heavy chain expression vector was generated
by gene synthesis (Genewiz) and then cloning the gene synthesis product into the transient
expression vector pIT3. Forcach of the 12 CTLA4 anti OX40L heavy chain vectors, the clone
specific VH sequence was cloned to be located between 57 BamaHI and 3 Nhel restriction
enzyme sites that flanked the VH sequence and are part of the codon sequence of the 16-amino
acid linker and the CH1 domain, respectively. Excraplary DNA sequences constructed in these
CTLA4 anttOXAOL expression vectors are shown in SEQ ID NO: 74 (light chain sequence) and
SEQ ID NO: 75 (heavy chamn sequence).

97TGEHT heavy chain DNA sequence

geaatgeacgtegeccagectgotgtggtactggccageagecgaggeatcgocagetitgigtetgagtacy

catciccaggeaaagecactgaggicogggteacagigettcggeagacigacagecaggigactzaagict

gtecggeaacctacatgatggggaatgagitgaceticolagatgaticeatctgeacgggeaccicoagigga

aatcaagigaaccicactatccaaggacigaggogoctatggacacgggactotacatcigeaaggtggagcica
tgtacccaccgocatactaccigggeataggeaacggaacceagatitatgtaatigatccagaacegtigecea

fadided

gatictgaccaggaacecaagagetecgacaagacceataccigiceteectgtecigetccaceggicgety

gococtecgigticetgticocccecaageceaaggacaceetigatgateageaggacececgaggteacct
gogtoptoetosacgigagecacgaggacccagaggigaagticaatiggtaigipgacggesiggagaty
cacaacgocaagaccaageccagagaggaacagiacaacageacctacagggigateteegtgcigacest

gctgeaccaggaciggetgaacggeaaggaatacaagtgcgeegtatccaacaaggecctgeceiccagea
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{cgagaaaaccatcageaaggocaagggecagocacgggageoceaggtgtacacactgeococateicg
ggaagaaatgaccaagaaccaggigiccctgaccigiciggtoaaggpciittaccecagogacategecgtig
gagtgggagagcaacggocageccgagaacaactacaagaccacccececigtgctggacagegacgge
agceticticetgtacageaagetgacegiggacaagtceaggiogcagoagggcaacgigticagotgeage
gteatecacgaggeoctigeacaaccactacacacagaagagocigagoecigiecoegggigocggaggtag
cggaagigatpocooteocicaggeiggogaiggatecccageigeagetgcaggagiciggaccaggacty
gtgaageccicggagaccetgicecteacctgeactgtctetggtggciceaicageagtagtagtiactactgg
gectggaiccgecagoceccagggaagegocigsasteoatigoooetatipeoastotogatiatagiss
gaacacctactacaaaccgicoctcaagagtogagicaccatatccgtagacacgiccaagaaccagtiticee
tgaagcigageactgigaccgecgeagacacggcigtatatcactgtgogagacategtgggatatacttetit

gactactggggocagggaaccoiggteaccgictcticagetageaccaaggglecateggtcttcecectgy

cacecicciccaagageaccictgggggacagoggoccigggctgoctggicaaggactacticcccgaac
cagtgacggtgicgiggaacticaggcgecetgaceagoggogigoacacciicecggetgtectacagiocic
aggactctacteectcageagegtggigaccegigecciceagoagetigggracecagacciacatetgeaac
gigaatcacaageccageaacaccaaggiggacaagagagtigageccanalctigt (SEQ 1D NO:
75

¥7GO7T light chain BNA sequence

tactatgagctgacteagecactetcagigteagiggccctgggacagacggecaggaticectgtgggggan
acaacatigaaaataaaaatgigeactggtaccaacagaagecaggecaggceccigiactggicatotatag

goatageaaccggceccictgggateocigagegaticteiggetccaactcggggaacacggocaccctgtc

catcaacagageocaagecggggatgaggctgactatiacigteaggigtgggacagcaacactgigatatic
ggcggageoaccaaggicaccgtcctaggacageccaaggotgecoectcggicactcigticocgocatoc
totgaggagcticaagecaacaaggccacactggigigicicataagigactictacocgggagocgigacagt
geoctggaaggcagatageageccegicaaggegggagtggagaccaccacaccetocaaacaaageaa

caacaaglacgeggecageageotacetgagectgacgectgageagtggaagicecacaaaagetacaget

gccaggtcacgeatgaagggagcaccgisgagaagacagiggeccctacagaatgttca (SEQ ID

NG: 74)

Anti-OX40L FeFab antibodics and the CTLA4 anti 8X40L proteins were produced
by transient transfection of the correctly paired light chain and heavy chain DNA expression
vectors detaled above. The anti~-OX40L FeFab antibodies were produced in a 15-ml scale
transient transfection of ExpiCHO cells and affimty punified with protein A beads and
characterized. The CTLA4 anti OX40L proteins were produced in a 1000-ml scale transient

transfoction of ExptCHO cells and affinity punified with a protein A column (Hi-Trap
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MAbSelect SuRe, GE Healthcare) on an Akta Avant 25 chromatography system (GE
Healthcare). Final protein concentrations were measured and proteins were characterized by
analvtical size exclusion chromatography (SEC), SDS-PAGE gels and tosted for endotoxin

efore use in the planned studies.

{0298]  Since i is not guaranteed that any anti-OX40L IgG when reformatied to anti-OX40L
FeFab or CTLA4 anti OX40L fusion protem would retain binding and neatralizing
characteristics to OX40L of the original anti-Ox40L IgG, the FeFab formats and fusion protein
formats were tested according to the same screening assay cascade (FIG. 24A) as used for the

1gG format. Positive reference control anti-OX40L TgGG was used across all assays.
3.2 Characterization of anti-OX40L FeFab Antibodies
3.2.1 QX401 Neutralization Assay

{02997 Anti-OX40L FcFAb antibody clones were tested for OX40L blocking function with
the OX40L veutralization assay. Bricfly, test antibodies, 1sotype control and known anti-OX40L
reference antibody (positive controls) were senially titrated in culture media, incubated with
recombinant human OX40L, and added to 0X40 receptor expressing HEK-luciferase reporter
cells as described m 1.1.9 of Example 1. Data were plotied with GraphPad Prism 8 software.
Normalization was performed using unstimulated cells as 09 and stimulation with OX40L in the

absence of antibodies as 100% of Luciferase activity from cach experimental plate.

{0360]  As can be seen by their ICse values, the OX40L blocking activity of FeFab antibody
clones 97GO7 (FeFab), 67B06 (FcFab), 68F03 (FcFab), 98E10 (FcFab), 89B09 (FcFab), 98C01
{FcFab) was sinlar to their 1gG counterpart, suggesting that reformatting to FcFab did not
considerable affect thetr neutralization potency. However, FeFab antibody clones 84E1
{FcFab), 88B06 (FcFab), 95B06 {FcFab), 30F02 {FcFab), 85F12 {(FcFab) and 85F 10 (FcFab)
demonstrated a considerable decrease in potency, increasing their ICse by at feast two-fold
compared to their IgG counterpart. 10s¢ values for anti-OX40L FcFab antibodics were
determined with GraphPad Prism by curve fitting using the log (mmhibitor) vs normalized
response - variable slope equation. TABLE 9 summarizes data from duplicates from 1

experiment.
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3.2.2 Primary T cell Activation Assay

{0301]  Eleven {clone 98C0]1 was not tested in this assay) of the anti-OX40L FeFab antibody
clones were additionally tested with the Primary T cell activation assay described in 1.1.10.
Briefly, CD4™ T cells were stimulated with anti-CD3, anti-CD28, and recombinant human
OX40L, and anti-OX40L FcFAb antibody clones were tested m serial dilution i this assay. Data
were plotted with GraphPad Prism 8 software. Normalization was performed using unstimulated
T cells as 0% and stiraulated with OX40L in the absence of antibodics as 100% of IL-2 response
from cach experimental plate. ICso values were deternined with GraphPad Prism by curve fitting
using the log(inhibitor} vs normalized response — variable stope equation. TABLE 9 summarizes
1Cso (1n nM +/- SEM from 2 expeniments. 97G07 (FeFab}, 67B06 (FeFab), 98E10 (FcFab),
89B0O (FoFab), 30F02 (FcFab), and 85F10 (FcFab) retamed their potency similar to reference

control anti-OX40L ICs6=5.7-9.3nM} despite the reformatting,
3.2.3 Sready Stave Affinity Assay

{0302]  As with the IgG clones, binding atfinity to human OX40L was determined for all
twelve FeFabs using steadv state affinity assay as described in section 1.1.7 of Example 1. Most
FcFabs retained binding to the target showing a range of affinity Kp= 20.3-64 1loM except for

84811 (FcFab), which completely lost binding activity. TABLE 9 summarizes data from this

assay.
{0333]  Table 9: Data from 12 Anti-GX40L {(FcFab)y
Agents (FeFAb) OX40L Primary T cell Steady State
nreutralization/OX48- | activation assay affinity human
HEK Reporter ICsy | 1CsonM (/- SEM) | OX40L Kp (nM)
M (+/-SEM)
97GO7 (FcFab) 62 464322 278
67B06 {FcFab) 35 72 £330 20.3
68F03 (FcFab) 5.5 156+ 11.00 331
84E11 {FcFab) 572 152 +10.76 No Binding
O8E 10 (FcFab) 57 534378 330
E9B09 (FcFab) 47 6.1 +428 44 8
a3CH1 (FeFab) 54 Not Tested 278
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88806 (FcFab) 1619 >161 355
35806 (FcFab) 36,79 380+206.87 641
30F02 (FcFab) 528 29+202 56.0
85F12 (FcFab) >161 >161 34.1
45F10 (FcFab) >i61 6314442 501

3.3 Characterization of CTLA4 anii OXH40L Fusion Froteins
3.3.1 OXH40L Neutralization Assay

{0304]  CTLA4 anti OX40L fusion proteins were tested for OX40L blocking function with
the OX40L neutralization assay. Briefly, test fusion proteins, isotype control and known anti-
OX40L reference antibody (positive controlsy were serially titrated in culture media, incubated
with recombinant buman OX40L, and added to 00X 40 receptor expressing HEK-luciferase
reporier cells as desceribed i 1.1.9 of Example 1. Data were plotied with GraphPad Prism 8
software, Normalization was performed using unstimulated cells as 0% and stimulation with
OX40L, in the absence of fusion proteins as 100% of luciferase activity from cach experimental
plate. Data summarized i TABLE 16 from two experiments. FIG. 4 1s a graph showing
neuatralization of OX40L for CTLA4 anti (X401 fusion proteins 95806, 98C01, 98E10, 84E11,
68F03, 67B06, 97G07, 89809, and Refd CTLA4 (13, for the reference anti-0X40L
movoclonal anttbodies Refl _Anti OX40L and Ref2 Anti-OXA40L, or for isotype control, using
OX40 luciferase reporter assay. As shown in FIG. 4, seven CTLA4 anti OX40L fusion proteins
(97G07, 68F(3, 67806, 98E10, 89819, 98CH1, 95B06) retained similar potency to a reference
anti-0X40L monoclonal antibody. Five fusion proteins showed a significant drop in potency or
fost their neutralization capacity compared to their IgG counterpart 84E11 (Ig() ICso =17aM~>
CTLA4 anti OXA0L ICse =50.2nM; 88B06 (IgG), 30F02 (Ig(), 85F12 (12G), 85F10 (IgG) ICs
=19-72 TnM ~» CTLA4 anti OX40L ICs0 = >100nM), data shown in TABLE 8

3.3.2 Primary T cell Activation Assay

{0305]  Since 88B06, 30F02, 85F12, and 85F10 showed weak to no blocking, only eight
fusion proteins were assessed for neutralizing human OX04L in the primary haman T cel
activation assay {described in 1.1.10 of Example 1} Data were plotted with GraphPad Prism 8

software, Normalization was performed using unstimulated T cells as 0% and stimulated with
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$3X40L in the absence of fusion proteins as 100% of IL-2 response from each experimental
plate. ICse values were determined with GraphPad Prism by curve fitting using the log(inhibitor)
vs normalized response — variable slope equation. TABLE 14 suramarizes {Cse (in nM +/-

SEM).

{0366]  Asshown in TABLE 18, fusion proteins 97G07, 67B06, 68F03, 84E11, 98E10,
&9B0Y, and 98COH1 retained poteney similar to their IgG counterpart and reference control anti-

OX40L ICs0=57-9 30M)} despite the reformatting.
3.3.3 Sready State Affinity to OX40L, CD8&O, and CDS6

{0367] Binding affinity to haman OX40L was determined forall 12 CTLA4 antt OX40L
fusion proteins using steady state affinity assay as described i section 1.1.7 of Example 1. As
with the FcFab fommats, most CTLA4 anti OX40L fusion proteins retained binding to the target
showing a range of binding affinity Kp= 27.6-106.InM. As expected, fusion protein 84E11,
similar to its FeFab counterpart, lost binding affinity to human OX40L. TABLE 10 summarizes

data from this assay.

{0308]  Morcover, CTLA4 anti OX40L fusion proteins 89B0S, 67B06 and 98C01 and a
reference anti-OX40L antibody were evaluated for binding to human and cynomolgus
monkey OX40L expressed on CHO-S cells by flow eytometry as described in section 1.1.4 of
Example 1. The binding ECs for 89BOS (CHO-3-huOX40L ECs = 4.62 and CHO-5-
cynoOX40L EC= 4.37nM), 67806 (CHO-5-hwOX40L ECsx = 1.85 and CHO-S-cynoOX40L
ECse=2.77TnMy, and 98CO1 (CHRO-S-hu0X40L ECs = 2.79 and CHO-S-cynoO¥X40L EC.=
3.45nMy, were comparable to the binding ECs for the reference anti-OX40L (CHO-5-
hoOX40L ECq= 1.14 and CHO-5-cynoOX40L EC.= 0.95nM) indicating excellent cross-
reactivities between human and cynomolgus OX40L. Bindmng affinity to cynomolgus monkey
OX40L was deternuned for fusion proteins 67B06 and 89B09 and compared to the reference
anti-Ox40L antibody. The Ko of the fusion protein (85nM) was found to be similar to that of the

reference anti-OX40L antibody (57aM).

{0305] Binding affinity to haman and cvnomolgus CDR0 and D86 was determined for
CTLA4 anti OX40L fusion proteins and reference CTLA4-lg proteins using steady state affinity
assays as described in section 1.1.8 of Example 1. Steady state binding KD for 67B0O6 (human
CD3{/human CD86 = 538 nM/670 nM; cynomolgus CD80/cynomolgus (D86 = 486 nM/770
nM} and 89B0% (human CD80/human CDES = 340 nM/654 nM: cynomolgus CD80/cynomoigus

CD86 = 474 nM/750 oM} were comparable to the steady state binding KD detervuned for the
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CTLA4-Ig referonce protein (haman CD&0human CDES6 = 450 nM/663 nM; cvnomolgus
CD80/cynomolgus CD86 = 433 nhM/910 oM}, Thus fusion of an anti-OX40L Fab domain to the
C-ternunus of an UTLA4-Ig protem to generate CTLA4 anti OX40L fusion protens did not
appreciably change the binding affinity of the Neterminal CTLA4 domain to CD80 or CD86. In
conclosion, CTLA4  anti (0X40L fusion proteins retained binding to and demonstrated excellent

cross-reactivities between human and cyvnomolgus OX40L, CDRO and CDR6.

{0310]  The seven CTLA4 anti OX40L fusion proteins were rank ordered and four clonally
diverse sequences were selected based on highly potent neutralization activity and affinity

closest to the monoclonal anti-OX40L IgG reference antibodies.

[0311] TABLE 16: Data from twelve CTLA4 _anti OX40L candidates

Agents (Fusion OX408L Primary T cell Steady State
proieins) neutralization/OXd4d- | activation assay affinity human
HEK Reporter ICsy | 1Cs0 nM (/- SEM) | OX48L Kp (8M)
nM (+-SEM)

§7G07 7.7 +0.95 7.1 374
67BO6* 73+ 010 64+37% 276
68F03 101+ 112 2.2 382
R4E11 50.2+0.86 8.1 NB
98E10 8§3+0.86 35+208 579
8OBOO** 6.4+ 088 54+312 714
9801 75+£122 514293 723
88BO6 >161 Not tested 638
93B0O6 12741309 208 1061
30F02 >161 Nt tested 68.5
&5F12 >161 Not tested 65 .8
83F10 1196 Not tested 511
Refl anti-OX40L 73+0.66 57+3.28 319
RetfZ anti-OX40L 6.6+ 104 93+539 150
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CTLA4 anti- 8.8 Not tested Not tested
OX40L 013

* Variants of 67806 comprising different bridging moieties all exhibited similar steady siate

.S

binding to human OX40L {dara not shown),

** Vaviants of 89809 comprising different bridging moieties all exhibited similar steady state

binding to human OX40L (data not shown).
Comparison of three formats

{0312]  For direct companison of data from three different formats (anti-OX40L (IsG), anti-
OX40L (FcFab), and CTLA4 anti OX40L fusion protein), data was plotted from the
neuatralization assay. FIGs. 3A-3C are graphs showing neutralization of OX40L by anti-OX40L
{97307 and 67806} in IgG (FIG. 3A}. FcFab (F1G. 3B), and fusion protein (FI1G, 3C) format
using OX40 luciferase reporter assay. Monoclonal anti-OX40L. antibodies (Refl_Anti~-OX40L
and/or Ref2 Anti-0X40L) were used as reference controls. Anti-HEL Ig(G1 was used as isotype

control {(Isotype-IgG1).

Example 4: Mechanism of Action of CTLA4 anti OX40L Fusion Proteins Using fn Vitro

Assays

{03131 This example ehucidates the mechanism of action of CTLA4 anti OX40L fusion

proteins utilizing 7 vifro assays.
4.1 Allogenic MDDC: T mixed lymphocyte reaction (MLR) Assay

{0314]  The CTLA4 anti OX40L fusion proteins that retained good haman OX40L
noutralization and binding were tested for their bifunctional activities. To interrogate whether the
fusion proteins can block mflammatory cytokines generated from T cells receiving co-
stumulation signals through both the CDRO/CDE6-CD28 pathway and OX40L-0X40 pathway, a
human allogenic MDDC: T mixed lymphoeyte reaction (MLR) was set up. This assay utilized
activated primary monocyte derrved dendritie colls (MDDC) as antigen presenting celis that
express all three targets CD80, CDB6, and OX40L, allowing the assessment of both CD28 and

OX40 pathways contributing to T cell promflammatory cytokine release and T proliferation.

{0315]  Brefly, freshly isolated monocytes were cultured in the presence of GM-CSF and TL-
4 {in AIM-V media with 3% human AB serum, 50 U/ml Pentcillin, 50 pg/ml Streptomycing for 5
days to become immature monocyte-derived dendritic cells (MBDC). Then iIMMDCs were
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treated with 1 pg/ml of Prostaglandin E2Z (PGE2), and 20 ng/mi TNFa, 10 ng/mb 1L-1b, 20
ng/mk 1.-6 for 2 days to generate matyred MDDC. Cell surface expression of CD86, CD80, and
OX40L on the matured MDDC were confirmed by flow cytometry. To set up mixed lymphoovte
reactions, fresh PBMCs were isolated from bufty coat using a Ficoll gradient. Total T cells were
isolated from the PBMCs using a pan-T cell isolation kit (Miltenvi Biotec, 130-096-535). Ina
flat bottom 96-well tissue cubture plate, 20,000 MDDC and 80,000 pan T cells were plated in
cach well, muxed well, and treated with various concentrations of gither media control, isotype
control, or test agents. CTLA4 anti OX40L fusion proteins 89B09, 67B06, 98E10, and 98C01
were tested at three concentrations (0.8 nM, 6.25 oM, and 50 nM)} compared to equimolar
concentrations of single reference agents (Ref2 Anti-OX40L, Ref3 CTLAdIe), and
combination of monoclonal anti-OX40L. antibody and CTLA4-Ig {(combinaton). Then the cells
were cultured at 37 'C, 5% CO: for 4 days, followed by cviokine analvsis released in the
supernatant. The levels of IL-2, IFNvy, TNFa, and IL-6 were evaluated by Alphal .ISA assay
{Perkin Elmer).

{0316]  Agshown in FIGs. 3A-3B, CTLA4-Ig (Ref3-CTLA4Ig) alone or anti~-OX40L alone
{Ref2 Anti-0OX40L) showed concentration dependent reduction of cytokines, demonstrating that
the assay can measure effects from either pathway blockades, albett less potently at lower
concentrations. In contrast, the fusion protein (67806, 98E10, and 98C01) demonstrated superior
suppression of IL-2 (FIG. 54) and TNFo (FIG. SB) cytokines at all concentrations tested
compared to the single reference agents. Surprisingly, the fusion proteins potently suppressed the
cytokines better than the combination of CTLA4-1g and anti-OX40L, suggesting a synergistic
cttect by a bifunctional fusion protein compared to single agents in combination. Data shown
was normalized from 4 donor MLR pairs. 1Cso values for all tested fusion proteins were
determined by curve fitting using the log{inhibiior) vs normalized response - variable slope
equation. TABLE 11 summarizes the [Cso in oM + SEM from 4-6 donor pairs. Variants of 67806
compusing different bridging moicties all exbibited sirailar inhibition of 1L-2 and TNFu (data not

shown).

{0317  67BO06, 89B09 fusion proteins were serially titrated in a subsequent assay to determine
the TCse values for [L-2 (FI1G., 10A), TNFo (FIG. 108), and 1L-6 (FIG. 16C) inhibition. FiGs.
18A-16C show that 89B09 and 67B06 were consistently the most potent agents in suppressing
miflammatory cytokines TL-2, TNFo, and 1L-6 compared to single agent controls or combination,

with the ICso oM of cach agent plotted as mean + SEM for cach cyvtokine. Data shownis a
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summary of 4 different MDDC: T MLR pairs, statistical significance performed using one-way

ANOVA, *p = <0.05, **p= <0.005, **¥p=< .0005, #***p=<( 00003,

{0318]  The anti-OX40L treatment alone demonstrated measurable ICso for two out of the four
MLR experiments, suggesting that the fusion proteins had a more robust and consistent effect

across multiple experiments and muitiple donors.

{9319] Totestifthe CTLA4 anti OX40L fusion protein modulated allo~reactive
proliferation, isotvpe control fusion proteins, single agents and combination were tested in the
MDDC: T MLR assay. For proliferation readouts, T cells were labelled with Cell Trace Violet
dve (Invitrogen} and cultured with matured MDDCs as described above with the addition of 0.35
pl/mL anti-CD3 beads (StemCell, 10309}, Fusion proteins (R9B09, 67806, 98E 10, and 98CG1),
CTLA4-Ig (Ref3_(TLA4Ig), anti-OX40L (Ref? Anti-0OX40L), or combimation of CTLA4-Ig
and anti-OX40L (combination) were tested at equimolar concentrations of erther 6.25aM or
30nM. The cells were subsequently cuitured at 37 'C and 5% CO: for 4 days, stained with
fluorescent labelled antibodies against the following markers CD3, CD4, and 0X40 for FACS
analysis on BD L8R Fortessa X-20 and analyzed for percent proliferating CD4"0X40" and
proliferating CB4"0OX407 or CHETOX40" cells by FlowJo.

{0320]  As shown in FiGs. 6A-6B, the fusion proteins (89809, 67806, 98E10, and 98C01)
potently reduced profiferation of allo-reactive CD4 OX40™ and CDETOX40™ cells betier than the
combination of CTLA4-Ig and anti~-OX40L (combination) mn a statistically sigmficant manner.
The results from two expenments were plotted as percentages on GraphPad PRISME and
statistical significance performed using one-way ANOVA, *p = <{.05. This was sigaificant
because ovly treatment with fusion proteins but not the single agent reference controls or the
combination were able to dampen CD870X40™ T cells which are often associated with memory
T cells and disease pathology, suggesting that simultancous dual blockade of both CB28 and

X440 pathways was neeessary to achieve this cffect.
4.2 Treg Induction Assay

{8321]  Soluble OX40L has been shown to whibit Treg induction in vitre. The fusion profeins
{89B09, 67B06, and 98C01) were assessed for OX40L neutralizing function and their ability to
restore Treg generation it a Trog inducing assay compared to reference anti-OX40L (Reft Anti-

OX40L and Ref2 Anti-OX40L) and CTLA4-Ig (Ref3 CTLA4lg} controls.
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{8322]  Naive T cells were freshly tsolated from human blood using human naive CDM4 T-cell
Isolation Kit (Miltenyi). Complete RPME1640 medinun (supplemented with 10% heat-inactivated
FBS, ZmM L-glutanine, 30 U Penicitlin/ 50 ug/mi of Streptomvem, 1 mM Na Pymvate, 55 uM
B-mercaptocthanol, and 0.01M of HEPES) was used for the i virro T ecll culture. 100,000 naive
T cells were placed in each well of a 96-well tissae culture plate and stimolated with plate-bound
anti-CD3 (5 ug/ml} and soluble anti-CH28 (1 ug/ml), plus 5 ng/ml of TGF-P and 50 U/ml of 1L~

2. The cells were cultured for 5 days at 37 'C in CO2 incubator,

{0323]  Recombinant soluble OX40L (I ug/ml, R&D Systems) was added to most conditions
except controls. Either isotype control IgG, fusion proteins or reference control treatments (50
1M} were added to respective wells on day 0. At the end of the experiment, cells were collected,
and intracellular FoxP3 staining was performed using manufacturer’s (eBioscience) instrctions
for “Staining Intracellular FoxP3”. FACS analvsis was performed using the BD LSR Fortessa X-
20. Data analysis was performed using Flowlo software. The frequency of Tregs were
normalized to that of isotype treatment condition and statistical significance performed using
onc~way ANOVA, *p = <0.05. As shown in FIG. 7, in induction conditions containing soluble
OX40L, iTreg generation decreased significantly by 3-fold. However, the presence of equimolar
CTLA4 anti OX40L fusion proteins (89B09, 67B06, and 9801} or the reference anti-OX40L
antibodies (Refl Anti-OX40L and RefZ Anti-0X40L), neutralized the effects of soluble
OX40L and fully restored Treg induction in vifro. As expected, CTLA4-Ig (Ref3 CTLA4Ig),

which did not bind OX40L, did not impact Treg restoration.
4.3 Three-way MDDC: Treg: Teff MLRE Assay

{0324]  To demonstrate whether the fusion CTLA4 antiGX40L fusion proteins synergize with
Tregs to further suppress Teff proliferation, a 3-way MDDC: Treg: Teff MLR assay was

utilized.

{0325}  Freshly isolated monoeytes were cultured in the presence of 50 ng/ml GM-CSF and
50 ng/mi 1L-4 (in AIM-V media with 5% human AB senum, 50 U/ml Penicillin, 50 pg/ml
Streptomyein) for 5 days to become mumnature monocyte-derived dendritic cells and treated with
I pg/mi of PGE2, 20 ng/ml TNFx, 20 ng/ml IL-6 and 10 ng/m! IL-1§ for 2 davs to become
matured MBDC (MDDC). Cell surface expression of CD&6, CDE0, and OX40L was confirmed
by FACS.
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{0326]  To set up mixed lvmphocyte reactions, fresh PBMCs were isolated from baffy coat
using a Ficoll gradient. {D4" T cells were isolated from the PBMUs using a human CD4 T cell
isolation kit (Miltenvi). Freshly isolated CD4" T cells were then sorted into CD4™ CD25% CD127
% Treg and non-Treg CD4™ T (or Teff, Terr, or Tetrens) cells by flow cytometry. The sorted
Tregs were labelied with 2 uM of Celi Trace Violet, and Teff CD4™ T cells were labelled with 2
uM CellTrace CFSE. In a flat bottom 96-well tissue culture plate, 23,0600 MDDC and 50,000
Teff CD47 T cells were plated in each well and cubtured in complete AIM-V medium
{{sepplemented with 5% human AB serum, soluble anti-CD3 (0.6 yl/ml) (StemCell}, 501U
Penicillin/ 50 pug/mi of Streptomycin}). In conditions with Treg, 12,500 Treg were added. The
cultured cells were also treated with either media control, tsotype control Ab, CTLA4-Ig, anti-
OX40L reference antibody, CTLA4 anti OX40L fusion proteins (89B09, 67806, and 98C0H1) at
10 nM.

{0327 In a separate experiment, fusion protein 89B09 and associated controls were tested at
16 nM in the presence of various Treg: Teff ratio conditions. Then the celis were cultured at 37
C, 5% COs for 4 to 5 days before the cells were analyzed with BD LSR Fortessa X-20. Effector
T cell proliferation was determined by CFSE dilution. The histograms were analvzed by Flowlo,
the ratio of Treg to Teff, and absolute cell counts of prohiferating Teff cells were plotted using

Graphpad PRISMS.

{0328]  As shown in FIG. 8, the fusion proteins {89809, 67806, 68C01} demonstrated an
cven greater suppression of Teff proliferation compared to the control agents in the presence of
Tregs (1:4 Treg: Teff condition). This result indicated that the fusion proteins can more

effectively dampen Teffs and can work together with Tregs to affect further Teff suppression.

{0329]  Rapamvein is an mTOR mhibitor and a general T cell mmmmunosuppressant used in
transplantation to effectively suppress Teft while increasing Tregs, thereby increasing the

Treg: Teff ratto. Voclosporin, a second generation cyclosporin, is a caleineurin inhibitor and
konown T cell ramunosuppressant that recently received FDA approval to treat hupus nephuitis.
The same MLR assay as described above was performed with varying concentrations of fusion
proteins, single agents, combination, and 100 nM rapanyein or volcopsorin. As shown in
FIG.9A, CTLA4 anti OX40L. fusion protemns (89809, 67B06, 98C01} increased Treg: Teff ratio
in a concentration dependent manner compared o single agents or the combination. Rapamyen
or voclosporin did not increase Treg: Teff ratio in this invifro assay although clinically

cfficacious concentrations were tested.
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{83308]  Since Tregs also require CD28 signaling for activation and proliferation, 1t was
cssential to address whether the fusion proteins may inhibit Tregs and negatively impact their
suppressive function on Teff. By modulating the Trog: Teff ratios in the 3-way MLR culturcs
discussed above, the offect of fusion protein treatment on inhnbiting T effector proliferation
the presence of increasing Tregs was also tested. As shown in FIG. 9B, cultures treated with
isotvpe control, the increasing Treg: Teff ratios decreased Teff proliferation as expected.
CTLA4-Ig treatment did not provide additional modulation of Teff suppression on top of the
Tregs while anti-0X40L and combination provided modest modulation of Teff proliferation.
Impressively, the fusion protein 89B09 suppressed the Teff proliferation better than the other
treatments 1o the presence of increasing Tregs, ndicating that the fusion protein did not
negatively impact Treg function but worked synergistically with Tregs to more effectively
dampen Tefl proliferation. The observation that the fusion protein but not the combination of
single agents worked synergistically with Tregs to preferentially decrease Teff proliferation was
a surprising finding and uncovered potentially interesting mechanistic differences between
treatment with CTLA4 anti OX40L fusion proteins with dual co-stimulation blocking properties

compared to treatment with the combination of single agents.

TABLE 11:

Agents Iavitre | Invitre | Cellular Steady State Steady State
MLR MLR | binding to | affinity human | affinity Human
N human OX40L K CDBYTDES Ky
1L-2 TRFa | OX4oL {a M) {n}M}
ICsonM | ECs{nMD
[Cso nd
» (-
{+/- SEM)
SEM}
67806 0.02 = 006+ {15 27.6/352 538/670
(1} 0.004 0.018
g9BOY .03 + 0.2+ 141 71.4/53.1 654/654
(1} (.01 0.03
9801 0.04 NT 42 7231547
H
98E10 (1} NA NT 17 579/639
30F02 (1) NT NT 68.5
Refl apti~ | 069+ 147+ 319
OX40L
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IzG mAbDb 0.26 (.52

RefZ anti- NT NT 150

OX40L

i2G mAb

Ref3 124+ 9724 | NB NB 450/663
CTLA4- 2.7 14

Ig

Example 5: Characterization of the Potency of CTLA4 _antt OX40L Fusion Proteins

[0331]  This example describes the facts that contribute to the supetior potency of

CTLA4 anti OX40L fusion proteins. The unexpected aspect of the 67806 fusion protein
showing much greater (orders of magnitude) potency compared to combination treatment
indicated that the superior potency is a distinct feature of a single bifunctional protein compared
to the combination of two separate molecules. In order to investigate what factors could be
contributing to the superior potency on dampening cytokines seen in the fusion protein, the
receptor occupancy of fusion proteins, single agents, and combination were compared to the
target Heands {CD80 and OX40L) and 1L-2 production was measured in the MDDC: T MLR

assay
5.1 CD&O and OX40L. Recepror Occupancy Assay

{0332]  Percent receptor occupancy of CDRO and OX40L by CTLA4 anti OX40L fusion
proteins or the single activity reference controls in the aliogenic MDDC: T MLR assay was
assessed by flow cvtometry at dav 4. Briefly, cells were washed with PBS and stained with anti-
CD1le {clone 3.9, Biolegend), anti-CD8C {clone 2310, Biolegend ), anti-CD86 (clone FUN-1,
BD ), and anti-OX40L (clone k-1, BD ) and assessed by FACS on the BD Fortessa to deteroune
CD30, CD86 and OX40L expression on the MDDCs. Mean fluorescent intensity was determined
for CD80, CD&6 and OX40L, dose-response curves were fitted using GraphPad PRISM

8. Transformation of the data to Percent Occupancy was performed using the following equation,
where MEFins was sct as 100% inhibition and MDDC:T cocultures in the absence of antibodics,

esignated as “M+T ondy” i FIG. 11 legend, (OCPDAMFT } as minimum inhibition:
% inhibition for sample A = 100 - (AAMFI/ 0CPDAMED} * 100
MFTr = Total median fluorescent intensity of PE channel for population in question
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MFEus = Nonspecific median floorescent wntensity of PE in rephicate samples ncubated
AMFT = MFIt — MFing = background corrected MFT
OCPDAMET = AMFI of sample dosed with  mg/mL compound

{03331 Asshown in FIGs. 11A-11C, the increased potency of the CTLA4 antt OX40L
fusion proteins was due o increased receptor occupancy of CDEO and not OX40L. The 67B06
fusion protein potently inhubited the IL-2 production in this assay compared to single reference
agents or their combination (F1G, 11A). This effect was demonstrated by 67B06 ocenpancy of
the target CHR0, with a 50% receptor occupancy {ROse) at 6.019 nM compared to CTLA4-Ig
{ROse = 3.5nM} or combination {(ROso = | 03nM). This result showed that 67806 had a 184-fold
increase in potency for CDSO binding over CTLA4-Ig and a 54-fold increase over the
combination (FIG. 11B). 67B06 occupied OX40L with a potency of ROs0=0.003nM compared
to anti~-OX40L (ROs¢=0.02nM} or the combination treatment {RO:0=0.01nM), representing a 6-
fold increase and a 3-fold increase in potency on OX40L., respectively (FEG. 110). Thercfore, 1t
1s likely that the strong effect of 67B06 to dampen cytokines was attributed more potent CDEY

occupancy due to the avidity of the protein by anchoring to its other target OX40L.
5.2 Internalizarion Assay

{0334]  To test if other mechanisms such as physical internalization or clearance of the test
agents may affect their potency in the MBDC: T MLR assay, internalization assay using live-cell

imaging technique in real-time was performed.

{0335]  Real-time mtemalization of CTLA4-Ig, anti-OX40L and the UTLA4 anti OX40L
67806 fusion proteins were compared on MBDCs over 20k on the live-cell imager,
Celidiscoverer? (Zeiss). Briefly, activated MDDCs were incubated with 100 nM pHrodo labeled
antibodies. Internalization of 67806, CTLA4-1g, and anti-0X40L agents were tracked by
leveraging pH rodo dyes which fluoresce at low pH when mtemalized into endocytic
compartments of the cell. Negative controls for internalization such as pHrodo labelled isotype
control and anti-CD20 antibody Rituxumab were tested in the same assay. Internalization of the
test agents and the detected pHrodo signals were followed over time and recorded. CTLA4-Ig
has been reported to be internalized upon binding to its target, while that may be an efficient way
to block the targets CI80 and CDR6 by removing them from the cell surface, the target mediated
drug clearance may affoct its potency. As shown in FIG. 12, CTLA4-Ig (Ref3_(TLA4Ig) was
rapidly internalized within 6h and is continually internalized over 20h as indicated by increased
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pHrodo signal m the MDDCs (FIG. 12}, On the other hand, anti-CD20 antibody Ritaxumab
{Anti-CD20-1gG1), Isotype controls (Isotype Ctl and Isotype-lgGl), or anti-OX40L reference
control {Refl Ant~-OX40L) did not mtermalize. Although CTLA4 anti OX40L fusion protein
{67B06) bound the same CDE0 and CD86 targets as CTLA4g, it strikingly did not share the
same infernalization profile, and in fact, showed limited mternalization nto MDDCs overa 20h
period (FIG, 12). This may allow the fusion to block the targets CD80, CDE6 and OX40L over
a longer period of time, without being internalized or cleared, which could explamn its enhanced

potency compared to single agent comparators in the MDDC: T MLR assay.
5.3 MDDC: SLE PBMC MLR Assay

{0336]  To evaluate the enhanced potency of the CTLA4 anti OX40L fusion proteins in
suppressing additional proinflammatory cvtokines, a MDDC: SLE PBMC assay was developed.
A similar assay set up to the Allogenic MDDC: T MLR assay in Section 3.1 was performed fo
assess the effect of the fusion proteins in PBMUCs derived from systemic ervthematosus (SLE)
patients. The assay conditions are similar to 3.1 except that patient PBMCs was utihized nstead
of T cells from healthy volunteers. At Day 4, supernatants from the co-culture were collected
and analyzed for proinflammatory cviokines (GM-CSF, Granzyme B, [FN vy, 1L-2, 1L-4, IL-10,
L-13 TL-17A, TNFo, IL-9 IL-17/4L-25, 1L-17F, 1.-21, 1L-22, MIP-3g) using the MSD
{mmuno-Oncology Group 1 and Biomarker Group | kit. Data from 3 donor pairs were plotted
using GraphPad PRISM 8. For ELISPOT readouts, the MDDC: SLE PBMC assay required the
addition of anti-CD3. Cell coltures were seeded directly on the IFNy ELISPOT plate and assayed
on Day 4 according to manufacturer’s directions (Haman IFNy, R&D Systems). Spots were
counted on the CTL ImmunoSpot 86 Analyzer and data analvsis performed using GraphPad

PRISM §.

{03371  As shown in FiGs. 13A-13C, lupus PBMCs when co-cultured with MDD Cs induced
clevated levels of IL-2 {data not shown}, TNFua (data not shown), GMCSF (FIG. 134), [1-13
(FIG. 13B), and GZMB (FIG. 13C) m the culture supernatant and these cviokines can be
potently sappressed by 1 nM of fusion protein (67B06} compared to the single agents or
combination. At 30 nM both fusion and combination treatment are equally efficacious in
dampening these cytokines. Allo~reactive IFNy producing cells were greatly reduced by the
fusion protein and combination treatment at 50 nM compared to single agents. FIGs. 13A-13C

show normalized data from 3 donoss.
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Example 6: In Vivo Pharmacodynamic Effects of CTLA4 anti OX4GL Fasion Protein

{0338]  This example describes the in vive pharmacodynamic effects of CTLA4 anti OX40L

fusion proteins using humanized MLR PD model.
6.1 Invivoe Humanized MIR PD Model

{03391  Since none of the CTLA4 anti OX40L fusion proteins cross-react with mouse
OX40L, a humamized in vive pharmacodynamic (PD) model to evaluate the fusion proteins was
developed. Briefly, monocyte derived dendnitic cells were activated as previously described in

the mvitro MDDC: T MLR assay in Section 3.1, On day -1, ]

e (Jackson Labs) were treated 1.v. with various concentrations of fusion proteins
{67800, 85B0Y), single arm controls or isotype control, followed by transfer of mixed activated
MDDC (1 x 10° cells) and freshiy isolated allogenic T cells (1 x 107 cells) viai.p. on Day 0.
After 6 days, serum was collected for human cytokine measurements using MSD kit (human u-
Plex proinflanumatory combo kit, cat #K15049K.-2). The leveis of IFNy and statistical analysis

{onec-way ANOVA} was performed using GraphPad PRISM §.

{0348]  As shown in FIG. 144, both 67806 and §9B09 dose dependently decreased human
{FNy production compared to isotype control, demonstrating in vive efficacy in the mice. Ina
separate study, mice were treated with a single equal molar (2.88 nmol/ke or 0.58 nmol/dke) dose
of 67B06 fusion proten, each single agent control CTLA4-Ig, or anti-OX40L 67B06 (Ig()
compared to isotype control to evaluate whether the enhanced potency of the fusion protein
observed in vitre was reflected i vive. As shown in FIG. 148, fusion protein 67B06 at 2.88
nmol/ke (equivalent to 0 5mg/kg) offered supertor suppression of human IFNy production

compared to the comparators at the same equimolar concentration tested.
Example 7: In vivo Efficacy of CTLA4 anti OX40L Fusion Proteins

{0341]  This example describes the in vive efficacy of CTLA4 anti OX40L fusion profeing

using xenotransplant, acute, and chromce-graft vs host disease (xeno-GVHD) models.

{0342]  The xeno-GVHD model 15 a well characterized model that is dependent on the infused
human PBMCs generating 3 strong xeno-~reactive response 1o the host muce that lack the murine
immune system. The xeno-GVHD model has well known limitations in the immune subsets that
populate the animal and induce disease. For example, human B cells and myclowd celis do not

survive longer than 7-10 davs in the muce due to lack of survival factors, Human T cells,
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however, survive and expand well i the mice sach that at Day 7 most of the engrafted cells in
the mice are T cells. The expanded T cells are xeno-reactive, infiltrating target organs such as the
liver, fung and gut, causmg tissue damage with increased inflammatory cytokines like IFNy,
feading to reduction in body weight. If untreated, the mice succumb to the GVHD. Therefore,
this model has been useful to evaloate many T cell targeting biologics which can suppress the T
cells and alleviate the GVHD, by assessing their effects on reducing GVHD-mediated body

weight loss and IFNy production.

{0343]  In afirst experiment, the CTLA4 anti OX40L fusion protein (67B06} and anti-
OX40L (Reft Anti-OX40L} were evaluated Briefly, fomale NSG mice (v=8 per group} were

irradiated (200 rad) and admimstered 200 pg/ mouse {equivalent to 10 mg/kg) of fusion protein,

7

ingle agent reference comparator, or Isotype control IgG intraperitoneally 3 times a week
{Q3W) starting on Day-1. On Day 0, mice received 10 nullion human penipheral blood
mononuciear cells (PBMCUs). On Day 7, engrafted homan TD457 cells were phenotyped by flow
cytometry. The study was terminated on Day 25, and endpoint measurements of survival, body
weight loss, serwm [FNy were measured. Statistical analvsis {one-way ANOVA) was performed

using Prism GraphPad 8.

{0344]  FiG, 15A 15 a graph showing the effect of CTLA4 anti OX40L fusion protein
{G7B05), reference monoclonal anti-OX40L antibody (Ref! Anti 0X40L), or isotype control on
weight loss in xeno-GVHD murine model. FIG. 158 is 3 graph showing the effect of

CTLA4 antt OX40L fusion protein (67B06), reference monoclonal anti-0X40L antibody

{Refl Anti OX40L), or isotype control on IFNy production in xeno-GVHD murine model. Ag
shown in FIGs. 15A-158, although both agents rescued the mice from body weight loss, only
67B06 fusion protein showed superior reduction of IFNy compared to anti-OX40L treatment
alone (FIG. 158 ANOVA: #¥%% p=<0.0001, *p= 0.0175, ¥**¥p= 0.0002).

{0345]  In a second experiment performed and evaluated essentially as described above, the
CTLA4 anti OX40L fusion protein (67B06) and CTLA4-Ig were compared. CTLA4 aoti
OX40L fusion protein (67B06), CTLA4-1g (Ref3 CTLA4lg) or isotype control were
adounistered at a dose of 20 pg/ mouse or of 1 ug/mouse {equivalent to Img/ke or 0.05me/kg

respectively) intraperitoneally once a week (Q1W).

{0346]  FIG. 16A is a graph showing the effect of CTLA4 anti OX40L fusion protein
{67B006), reference CTLA4g (Ref3 CTLA4Ig)

T

ot isotvpe control administered 1.p. Img/kg or

0.05mg/kg QTW on weight loss in xeno-GVHD murine model. FIG, 168 is a graph showing the

188



W

i0

J—
W

20

S
[P

WO 2022/261079 PCT/US2022/032482

effect of CTLA4 anti OX40L fusion protein (67806}, reference CTLA4Ig (Ref3 {UTLA4Ig), or
isotype control on IFNy production in xeno-GVHD murine model. As shown in FIGs. 16A-168,
although both agents rescued the mice from body weight loss, only 67806 fusion protein showed
superior reduction of IFNy compared to CTLA4Ig treatment alone (FIG 16B ANGVA: * p=
0.0455, **p= 0.0086).

{8347}  In a further expermment using this model, the effects of CTLA4 antt OX40L fusion
protein {67B06} were compared to the effects of CTLA4lg and anti-Ox40L used in combination.
CTLA4 anti-OX40L fusion proteins (67B06), Refd CTLA4Ie, Refl Anti-Ox40L, and the
combination of Ref3 CTLA4Ig and Refl Anti-OX40L were administered at a dose of 20 ug/

mouse { Img/kg) intraperitoneally once a week (Q1W). The study was terninated at day 41

{0348]  FiIG. 17A 15 a graph showing the effect of CTLA4 anti OX40L fusion proteins
{67B06) reference CTLA4Ig (Ref3 ('TLA4Ig), anti-OX40L (Refl Anti-OX40L), combination
{Ref3 and Refl), or isotvpe control on weight loss in a xeno-GVHD murine model. FIG. 17B s
a graph showing the effect of CTLA4 anti OX40L fusion protein (67R06) reference UTLA4Ig
(Ref3 CTLAAGIg), anti-0X40L (Refl Anti-DX40L), combination (Ref3 and Refl) or isotvpe
contral on IFNy production in a xeno-GVHD murine model. As shown in FIGs. 17A-17B,
although both fusion protem (67806), reference CTLA4lg (Ref3_CTELA4IQ) and combination
{Ref3 CTLA4Ig and Ref! Anti-OX40L) rescued the mice from body weight loss, only fusion
protein 67806 or combination showed superior reduction of IFNy compared to CTLA4!g or anti-
OX40L, treatment alone (FIG 178 ANOVA: * p=0.0110, #*p= 0.0084).

{03491 In a separate oxperiment, a different CTLA4 anti-OX40L fusion protein {89809) i
tested and compared to isotype controf. Briefly, the fusion protein (89B09) or isotype control
are administered at a dose of 20 pg/ mouse (Img/kg) traperitoneally once a week (Q1W)
starting at Day -1.  Similar to the experiments for fusion protein 67B06, mouse body weight loss
is monttored and IFNy production is compared to isotype treatment alone on Day 41 of

treatment.

{0356]  FiG, 17C 15 a graph showing the effect of CTLA4 anti OX40L fusion protein
{R9BOY) or 1sotype control on IFNy production in a xeno-GVHD murine model on Day 12, The
graph shows significant reduction in IFNy production by the fusion protein {ANOVA! ** p=
0.0036).

{0351]  In a further acute GVHD model, severe combined inununodeficient (SCID) mice

{aged 5 to 10 weeks), are injocted with 20 ug rat anti-mouse 1L-2R antibody to deplete
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endogencus NK cells. The next day, mice receive 2.5 Gy of irradiation using a cesium source.
Four hours later, each mouse recetves 10 million total human PBMCs by intraperitoncal (IP)
mijection followed munediately by intravenous (IV) injection of CTLA4 anti UX40L fusion
protein, reference monoclonal anti-OX40L antibody or isotype control at various dosages.
Alternatively, IV jection of CTLA4 anti OX40L fusion protein, reference monoclonal anti-
OX40L antibody or isotvpe control at various dosages can be delayed until day 3 or day 6 post-
1P mjection of PBMCs. Mice are weighed every 3 to 4 days and received anti-IE-2RJ antibody
weekly. Atday 12, mice are sacnificed for assessment of gross pathology, flow cytometry
analysis of splenocytes. liver and intestine histology, and senmm collection for eytokine and

antibody analysis.
INCORPORATION BY REFERENCE

{0352]  The entire disclosure of each of the patent documents and scientific articles referred to

herein 18 incorporated by reference for all purposes.
EQUIVALENTS

{0353]  The disclosure may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects lustrative rather than limiting the disclosure described heremn. Various
structural elements of the different embodiments and various disclosed method steps may be
utilized in various combinations and permutations, and all such variants are to be considered
forms of the disclosure. Scope of the disclosure 15 thus indicated by the appended claims rather
than by the foregoing description, and all changes that come within the meaning and range of

equavalency of the claims are intended to be embraced therein.
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CLAIMS
WHAT IS CLAIMED IS
I. A protem comprising:

a polypeptide or complex of two or more polypeptides that specifically binds CD8O

and/or CD86, and

L

a polvpeptide or complex of two or more polypeptides that specifically binds OX40L.

2. The protein of claim |, wherein the polvpeptide or complex of two or more polypeptides
that specifically binds CD80 and/or CD86 15 selected from a group consisting of a
polypeptide comprising an extracellular domain of CTLA4 or functional fragment
i0 thereof], a polypeptide comprising a CD28 extracellular domain or functional fragment
thereof, an antibody; a Fab; a Fab’, a F(ab h. a single~chan variable fragment {(scFv); a

nunibody; and a nanobody (VHH).

3. The protem of claim 1 or 2, wherein the polypeptide or complex of two or more

polypeptides that specifically binds CD80 and/or CD86 comprises an extracelular

[
W

domain of CTLA4 or functional fragment thereof.

4. The protein of claim 2 or 3, wherein the UTLA4 extracellular domain or functional
fragment thereof comprises a sequence having at feast 90% sequence identity 1o SEQ ID

NO: 28, SEQ ID NO: 173, or SEQ IDNO: 174,

5. The protein of any one of clains 2 to 4, wherein the CTLA4 extracellular domain or
20 functional fragment thereof comprises or consists of SEQ ID NO: 173 or SEQ ID NO:
174.

The protein of any one of claims 1 to 5, wherein the polypeptide or complex of two or
morse polypeptides that specifically binds CDE0 and/or D86 inhibits CH28

costunulatory signaling in T cells.

S
(8

7. The protein of any one of claims | to 6, wherein the polypeptide or complex of two or
more polypeptides that specifically binds OX40L. inhibits binding of endogenous OX40L,

to endogenous (X440,
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i4.

13,

16.

7.

18,

IS

The protein of any one of claims 1 to 7, wherein the polypeptide or complex of two or

more polypeptides that specifically binds OX40L comprises an antigen-binding site.

The protein of claim &, wherein the antigen binding site is an antibody, a Fab, a Fab’, a

F{ab’)s, a single-chain vanable fragment {scFv}, a minibody, or a nanobody (VHH).

3. The protein of claim 8 or 9, wherein the antigen-binding site is a Fab.

The protein of claim 10, wherein the Fab comprises a polypeptide comprising the
sequence of SEG 1D NG: 336 connected to the C-ternunus of the Fab heavy chain CHI

domain.

The protein of claim 7, wherein the polypeptide or complex of two or more polypeptides
that specifically binds OX40L is an extracellular domain of OX40 or fumctional fragment

thereof.

3. The protein of any one of claims 1 to 12 further comprising a bridging moiety.

The protein of clamm 13, wherem the bridging moiety 1s functional or non-functional.

The protein of clatm 13 or 14, wheremn the bridging moiety comprises polypeptide of an
vomunogiobulin Fe domaim or functional fragment thereof] a human serum albumin
(HSA} polypeptide or functional fragment thercof, a polypeptide linker, or a polypeptide

hinge.

'The protein of any one of claims 12 to 15, wherein the bridging moiety comprises a

polypeptide of an inmunoglobulin Fe domain.

The protein of any one of claims 12 to 16, wherein the bridging moicty comprises a

polypeptide of a human IgGl, 1eG2, 1gG3, or IaG4 Fe domain.

The protein of any one of claims 15 to 17, wherein the bridging moiety comprises a

polypeptide of a human IgG1 Fe domain.

The protein of clamm 17 or 18, wherein the polyvpeptide of a human IgG1 Fe domain
comprises a sequence having at least 90% sequence identity to an amine acid sequence
selected from a group consisting of SEQ ID NO: 178, SEQ 1D NO: 237, SEQ 1D NO:
238, SEQID NG: 214, SEQ ID NG: 216, SEQ ID NO: 179, SEQ ID NG 180, SEQ 1D
NG 239, and SEQ ID NG: 240
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20.

24,

el
[o 2

The protein of any one of claims 17 to 19, wherein the polypeptide of a human IgG1 Fe
domain compriscs a sequence having 100% sequence identity to an amine acid sequence
selected from a group consisting of SEQ 1D NO: 178, SEQ 1D NO: 237, SEQ 1D NO:
238, SEQ ID NG: 214, SEQID NG: 216, SEQ ID NO: 179, SEQ D NO: 180, SEQID
NG: 239, and SEQ 1D NO: 240

. The protein of any one of claims 17 to 20, wherein the bridging moiety further comprises

a hinge polypeptide.

. The protein of claim 21, wherein the hinge polvpeptide comprises a polypeptide

comprising an amino acid sequence having at least 90% sequence identity to an anuno
acid sequence selected from a group consisting of SEQ H3 NO: 175, SEQ 1D NG 242,
SEQ IDNOG: 176, SEQ ID NG: 249, SEQ ID NO: 177, SEQ 1D NG: 243, SEQ ID NO:
212, SEQ ID NO: 244, SEQ 1D NO: 213, SEQ ID NO: 245, SEQ 1D NO: 247, and SEQ
I3 NO: 248,

. The protein of any one of claims 17 to 22, wherein the polypeptide of a human fgG1 Fe

domain comprises one or more than one cffector function stlencing mutation.

The protein of any one of claims 17 to 23, wherein the hunge polypeptide comprises

mutations at positions 234 and 235 from leucine to alanine.

5. The protemn of any one of claims 13 to 24, wherein the bridging moiety s connected 1o

the N-terminus or the C-terminus of the polypeptide or complex of two or more

polypeptides that specifically binds CDR0 and/or CD36.

. The protein of claim 25, wherein the polypeptide or complex of two or more

polypeptides that specifically binds CD80 and/or UDE6 is connected to the N-terminus of

the bridging mwoicty.

. The protein of any one of claims 13 to 24, wherein the bridging maicty is connected to

the N-terminus or the C-tenminus of the polypeptide or complex of two or more

polypeptides that specifically binds OX40L.

28. The protein of claim 27, wherein the polypeptide or complex of two or more

polypeptides that specifically binds OX40L is connected to the C-ierminus of the

bridging moicty.
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. The protein of claim 28, wherein a hinker polypeptide connects the polypeptide or

complex of two or more polypeptides that specifically binds OX40L to the bridging

moicty.

‘The protein of claim 28 or 29, further comprising a second polypeptide or complex of

two or more polypeptides that specifically binds OX40L.

. The protein of clamm 30 wherein the bridging moiety is a polypeptide of a human IgGl

Fe domain and the polypeptide or complex of two or more polypeptides that specifically
binds OX40L 15 connected to the C-terminus of the polypeptide of the human IgG1 Fe
domatn and the second polypeptide or complex of two or more polypeptides that
specifically binds OX40L is connected to the C-terminus of a second polypeptide of a

human IgGl Fe domain.

32. The protein of claim 30 or 31, wherem the first and/or the second polypeptide or complex

of two or more polypeptides that specifically binds OX40L comprises an antigen-binding

site or an extraceilular domain of OX40 or functional fragment thereof.

33, The protein of ¢laim 32, wherein the first and/or the second polypeptide or complex of

two or more polvpeptides that specifically binds OX40L comprises a Fab.

. The protein of any one of claims 30 to 33, wherein the second polypeptide or complex of

two or more polypeptides that specifically binds OX40L is connected to the bridging

moiety by a linker polypeptide.

. The protein of any one of claims 29 to 34, wheren the linker polypeptide comprises a

{(GGGEGS) (SEQ ID NG: 181) sequence, whereimn nis 1 to 12

. The protemn of any one of claims 8§ to 11 and 13 to 35, wherein the antigen-binding site

comprises an amino actd sequence selected from the group consisting of
(a) ARHRGX YXFDX;5 (SEQ ID NG 220)

wherein Xiis Sorf,

Xzis ForH, and

XzislorY;and
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(b} ARERSX: X0 WYPXaDY (SEQ ID NO: 221)

wherein X1 1s Nor S,

XN, D, Gor 8, and

XsisTorF,

7. The protein of any one of ¢laims 8 to 11 and 13 to 36 wherein the antigen-binding site

comprises:

{(a) a beavy chain variable complementanty-deternuning region 1 (VHCDRI ) comprisiong

an amino acid sequence
GXISXoXsXe8X6YY (SEQ 1D NO: 222)
wherein X118 A, G, or vV,

X218V, or L

XsisSor R,

Xeis S, or T, and

Xs1s S, 0r G

(b} a heavy chain variable complementarity-determiming region 2 {(VHCDR2) comprising

an amino acid sequence selected from the group consisting of
(1) BGYXGGST (SEQ D NO: 223)

wherein X1 is Y, or N, and

Xois S, 0r G,

(2) XiDYSGT (SEQ 1D NO: 224)

wherein X is Lor M, and

(3) IGSVDYSGX T (SEQ ID NG: 225)

wherein X113 N, A, or 8; and
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{c} a heavy chain variable complementarity-determining region 3 (VHCDR3) comprising

an aming acid sequence selected from the group consisting of!
(1) ARHRGXGY2OFDX: (SEQ ID NG: 2203

wherein X118 Sor [,

L

XsisForH, and

XszislorY; and

(2) ARERSX:OWYPXsDY (SEQIDNG: 221
wherein Xy is Nor §,

X2isN, D, Gor S, and

i0 XzisiorF.

38. The protein of any one of claims § to 11 and 13 to 37, wherein the antigen-binding site

comprises:

(2} a light chamn varnable complementarity-determining region 1 (VLCDR1) comprising

an amino acid sequence selected from the group consisting oft

Ju—y
o

(1) XGIENKN (SEQ 1D NO: 226)

wherein Xiis Nor D, and

(2} SXaRXXaXe (SEQ D NO: 227)

wherein Xiis Vor L,

X2isRor N,

20 Xsis ForY, and

XatsFory,

(b} a light chain vanable complementarity-determining region 2 (VLCDRZ) comprising

an aming acid sequence selected from the group consisting of!
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39,

RDN (SEQ ID NO: 82), GKD (SEQ ID NO: 228), and RDS (SEQ 1D NO: 90);
and

{c) a hight chain variable complementarity-determinng region 3 (VLUDR3) comprising

an amin acid sequence selected from the group consisting of!
(1) QVX:DSXaXaVV (SEQ ID NO: 2313

wherein Xiis Ror W,

XzisN, T, or A, and

Xzis L T.or A, and

(2) NSRDSSGYXiVX: (SEQ 1D NO: 232)

wherein Xi is L or H, and

XrisLorV.

The protein of any one of claims 8 to 11 and 13 to 38, wherein the antigen-binding site

comprises:

(1} (a) a heavy chain variable complementarity-determimng region | (VHCDR D)
comprising an amino acid sequence GXoSXoXGXaSXsYY (SEQ ID NG 222)

wherein Xs 5 A, G or 'V,
Xria ¥V, or I
XyisSorR,

Xais S, o0 T, and

X518 8, or G, and

(b} a heavy chain variable complementarity-determining region 2 (VHCDRZ) comprising

an amino acid sequence XY X0GST (SEQ 1D NO: 223)

wherein X118 Y, or N, and
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X218 S, or G and

(¢} a heavy chain variable complementarity-determining region 3 (VHCDR3) comprising

an amino acid sequence ARHRGXGYX0FDXs (SEQ ID NG: 220)
wherein X118 Sor [,

XsisForH, and

XszislorY; and

(11} {a) a hght chain varniable conmplementarity-determining region | (VLCDRY)

comprising an amino acid sequence XLIENKN (SEQ 1D NO: 226)
wherein Xiis N or

(b} a light chain variable complementarity-deternuning region 2 (VLCDR2) comprising

an amino acid sequence RDN (SEQ 1D NO: 82); and

(c) a hight chain variable complomentarity~-determining region 3 (VLCDR3) comprising

an amino acid sequence QVXIDSXoXaVY (SEQ D NO: 231)
wherein Xiis Ror W,

X218 N, T, or A, and

Xzis L, T, or A,

The protein of any one of claims 8 to 11 and 13 to 38, wherein the antigen-binding site

comprises:

(1} {a) a heavy chain variable complementarity-determining region I {VHCDRI)

comprising an anuno acid segquence GXASXGXSXYY (SEQ ID NG 222)
wherein Xiis A, G, or V,

X218V, or |,

XzisSorR,

Xais S, 0r T, and
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41

Xsi8 S, or ) and

b} a heavy chain variable complementarityv-determimng region 2 (VHCDR2) comprisin
¥ P 3 £ 1eg p 2

an amino acid sequence XaDBYSGT (SEQ ID NO: 224)
wherein X1 is Tor M; and

{¢) a beavy chamn variable complementarity-deternuning region 3 (VHCDR3) comprising

an anuno acid sequence ARERSX ZOWYPXGDY (SEQ IDNG: 221)
wherein X1is Nor 5,

Xpis N, D Gor S, and

XzislorFand

(11} €a) a hght chain variable coraplementarity-determining region | (VLCDRD)

comprising an anmino acid sequence SXIR X23GXu(SEQ IDNG: 2273
wherein Xiis Vor L,

Xzis Ror N,

XzisForY, and

XsisForY,

(b} a light chain variable complementarity-determining region 2 (VLCBR2) comprising

an amino acid sequence GKD (SEG 1D NO: 229); and

(c} a Hght chain variable complementarity-determining region 3 (VLUDR3} comprising
an aming acid sequence NSRESSGY X VX, (SEQ 1D NO: 232)

wherein Xi s L or H, and

XrisLorV.

The protein of any one of claims 8 to 11 and 13 to 38, wherein the antigen-binding site
comprises: a heavy chain complementarity-determining region 1 (VHCDRI) comprising
an amino acid sequence of GGSISTSSYY (SEQ 1D NG 77), a heavy chain

complementarity-determining rogion 2 (VHCDR2} comprising an amino acid sequence
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of IYYSGST (SEQ 1D NQ: 78}, a heavy cham complementarity-determining region 3
(VHCDR3) comprising an amine acid sequence of ARHRGSYFFDE (SEQ ID NO: 79), 2
light chain complementarity-determining region | {(VLCDRY) comprising an amino acid

sequence of DIENKN (SEQ ID NG: 81), a hight chain complementanty-determining

W

region 2 (VLCDR2Z) comprising an amino acid sequence of RBN (SEQ 1D NO: 82), and
a light chain complementarity-determining region 3 (VLCDR3) comprising an amino

acid sequence of QVRDSNIVY (SEQ 1D NG: 83).

42. The protein of any one of claims 8 to 11 and 13 1o 38, wherein the antigen-binding site

comprises: a heavy chain complementanty-determining region 1 (VHCDRI1) comprising

10 an amino acid sequence of GVSIRSNGYY (SEQ ID NG: 93}, a heavy chain
complementarity-determining region 2 (VHCDRZ) comprising an amino acid sequence
of MDY SGT (SEQ 1D NO: 94), a heavy chain complementarity-determining region 3
(VHCDR3) comprising an amino acid sequence of ARERSNNWYPIDY (SEQ ID NO:
95), a light chain complementarity-determining region 1 (VLCDRI} comprising an

i3 amuno acid sequence of SVRRFF (SEQ 1D NG: 97), a hight chain complementanity-
deternuning region 2 (VLCDR2) comprising an amino acid sequence of GKD (SEQ ID
NG: 983, and a light chain complementanity-deternmuning region 3 (VLCDR3} comprising

an amino acid sequence of NSRDSSGYLVL (SEQ 1D NO: 99},

43. The protein of any one of claims & to 11 and 13 to 38, wherein the antigen-binding site
20 comprises: a heavy chain complementanty-determunng region 1 (VHCDR1) comprising
an amimno acid sequence of GASVSSSSYY (SEQ ID NG: 85), a heavy chain
complementarity-determining region 2 (VHCDR2) comprnising an amino acid sequence
of INYGGST (SEQ 1D NO: £6), a heavy chain complementarity-determining region 3
(VHCDR3) comprising an amino acid sequence of ARHRGIYHFDY (SEQ 1D NO: 87),

=]
il

25 a light chain complementarity-determining region | (VLCDRI) comprising an amino
acid sequence of NIENKN (SEQ 1D NO: 89}, a light chain complementarity-determining
region 2 (VLCDR2) comprising an aming acid sequence of RDS (SEQ ID NO: 90), and a
light chain complementarity-determining region 3 (VLCDR3) comprising an anuno acid

sequence of QVWDSNTVYVY (SEQ 1D NO: 91).

30 44. The protein of any one of claims § to 11 and 13 to 38, wherein the antigen-binding site
comprises: a heavy chain complementarity-determining region 1 (VHCDR1) comprising
an aming acid sequence of GGSISSSSYY (SEQ 1D NO: 101), a heavy chain
complementarity-determining region 2 (VHCDRY) comprising an amino acid sequence
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of IGSVDYSGNT (SEQ 1D NO: 102}, a heavy chain complementarity-determining
region 3 (VHCDR3) comprising an amino acid sequence of ARHRGIYFFDY (SEQ ID
NO: 103), a light chain complementarity-determming region 1 (VLCDR1) comprising an
amino acid sequence of NIENKN (SEQ 1D NG: 89}, a light chain complementarity-
determining region 2 (VLCDRZ) comprising an anino acid sequence of RDS (SEQ 1D
NG: 903, and a light chain complementarity-determining region 3 (VLCDR3) comprising

an amino acid sequence of QVWDSNTVY (SEQ ID NO: 91},

. The protein of any one of claims 8 to 11 and 13 to 44, wherein the antigen-binding sie

comprises, according to the IMGT unique numbenng scheme, VHCDR L, VHCDR2,
VHCDR3, VLODRI, VLODR2, and VLCDRS cach comprising an amino acid sequence
corresponding to the VHCDR1, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and
VLLCDR3S sequences of a heavy chain variable domain and a Hight chain variable domain

listed in TABLE 3, respectively.

The protein of any one of claims 8 to 11 and 13 to 38, wherein the antigen-binding site
comprises an aming acid sequence having at least 90% sequence dentity to SEQ ID NG
76, SEG ID NG: 92, SEQ ID NG: 84, or SEQ ID NO: 100, and an amino acid sequence
having at least 90% sequence identity to SEQ 1D NG: 86, SEQ 1D NOG: 96, SEQ 1D NO:
88, or SEG ID NO: 104,

7. The protein of claim 46, wherein the antigen-binding site comprises an amino acid

sequence having at least 90% sequence wentity to SEQ ID NG 76, and an amino acid

sequence having at least 90% sequence identity to SEQ ID NG 80

48. The protein of claim 46, wherein the antigen-binding site comprises an amino acid

sequence having at least 90% sequence dentity to SEQ 1D NO: 92, and an amino acid

sequence having at least 90% sequence identity to SEQ 1D NO: 96,

The protein of any one of claims 8 to 11 and 13 to 38, wherein the antigen-binding site
comprises, according to the IMGT umgue nmumbering scheme, a heavy chain variable
domain and a light chain vanable domain each comprising an amino acid sequence
corresponding to the heavy chain variable domain and light chain variable domain
sequences of a heavy chain variable domain and light chain variable domain listed in

TABLE 3, respectively.
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50,

55

The protein of any one of claims 8 to 11 and 13 to 38, wherein the antigen-binding site
comprises an amino acid sequence having at [cast 90% sequence idontity to SEQ 1D NOG:
&, SEQ IDNQ: 16, SEQ ID NO: 14, or SEQ 1D NG: 18, and an anmino acid sequence
having at least 90% sequence wdentity to SEQ 1D NO: 7, SEQ IDNG: 15, SEQ ID NO:
I3, or SEQ ID NG 17,

. The protein of claim 50, wherein the antigen-binding site comprises an amino acid

sequence having at least 90% sequence identity to SEQ D NO: &, and an amino acid

sequence having at feast 90% sequence identity to SEQ ID NG 7.

2. The protein of claim 50, wherein the antigen-binding site comprises an amino acid

sequence having at least 90% sequence wdentity to SEQ 1D NO: 16, and an amino acid

sequence having at least 90% sequence identity to SEQ 1D NO: 15,

53. The protein of any one of claims 8 1o 11 and 13 1o 38, wherein the antigen-binding stte

comprises, according to the IMGT unique nambering scheme, a heavy chain and a light
chain cach comprising an amino acid sequence corresponding to the heavy chain and

light chain sequences of a heavy chain and light chain histed in TABLE 3, respectively.

. The protein of any one of claims 8 1o 11 and 13 to 53, wherein the antigen-binding siie

binds at position 60 and/or 83 of the extracellular domam of human OX40L.

. The protein of claim 34, wherein the antigen-binding site binds at position 17, 18, 19, 20,

21,23,26,28, 60, 83, 110, 111, 112, 113, and 114 of the extracellular domamn of human

X401

. The protein of claim 34, wherein the antigen-binding site binds at position 58, 59, 60, 61,

62, 63,81, 82, and 83 of the extracellular domain of human OX40L.

. A protein comprising:

(1) a polypeptide compnsing the extraceliular domain of CTLA4 comprising SEQ ID

NO: 174,

(i1} a bridging moiety comprising a sequence comprising of SEQ ID NG: 177 and 2

sequence comprising of SEQ 1D NG: 179; and

(i1} an antigen-binding site comprising, a heavy chamn vanable complementarity-

determining region | (VHCDRI) comprising an anmino acid sequence of GGSISTSSYY
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(SEQ 1D NG: 77}, a heavy chain variable complementarity-determining region 2
(VHCDRZ) comprising an anino acid sequence of IVYSGST (SEQ 1D NO: 78}, a heavy
chain variable complementartty-deternuning region 3 (VHCDR3) comprising an amino
acid sequence of ARHRGSYFEDI (SEQ 1D NO: 79}, a hght chain variable
complementarity-determining region 1 {(VLCDR1} comprising an amino acid sequence of
DIENKN (SEQ 1D NO: 81}, a hight chain vanable complementarity-determining region 2
(VLCDR2) conprising an anino acid sequence of RDN (SEQ 1D NO: 82), and a light
chain variable complementarnity-deternuning region 3 (VLCDR3) comprising an amino

acid sequence of QVRDSNIVY (SEQ ID NG: 83).

. A protein comprising a first arm and a second anm, the first arm comprising:

(1} a first polypeptide comprising the extracellular domain of CTLA4 comprising SEQ ID
NGO 174,

(11} a first bridging motety comprising a sequence comprising of SEQ IDNG: 177 and a

sequence comprising of SEQ ID NG 179; and

(111) a first antigen-binding site comprising, a heavy chain varable complementarity-
determiming region | {(VHCDRI) comprising an amino acid sequence of GGSISTSSYY
(SEQ ID NG: 77), a heavy chain vanable complementarnity-determining region 2
(VHCDR2) compnising an amino acid sequence of IYYSGST (SEQ ID NG 78), a heavy
chain vartable complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence of ARHRGSYFFD (SEGQ 1D NG: 79), a light chain variable
complementarity-determining region 1 (VLCDRI) comprising an amino acid sequence of
DIENKN (SEQ ID NG 81), a light chain variable complementarity-determining region 2
(VLCDRZ) comprising an amino acid sequence of RDN (SEQ 1D NO: 82), and a light
chain variable complementarity-deternuning region 3 (VLCDR3) comprising an anmino

acid sequence of QVRDSNIVY (SEQ 1D NO: 83), and
the second arm comprising:

(1} a second polypeptide comprising the extracclular domain of CTLA4 comprising SEQ
D NG 174,

(i1} a second bridging moiety comprising a sequence comprising of SEQ ID NG: 177 and

a sequence comprising of SEQ ID NG 179; and
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60.

g, a heavy chain variable complementartty-

(i1} a second antigen-binding site comprisin,
determining region I (VHCDRI) comprising an amino acid sequence of GGSISTSSYY
(SEQ D NG: 77}, a heavy chain variable complementarity-determining region 2
(VHCDR2) comprising an amino acid sequence of IYYSGST (SEQ ID NG 78), a heavy
chain vartable complementarity-determimng region 3 (VHCDR3) comprising an aniino
actd sequence of ARHRGSYFEDI (8EQ 1D NO: 79), a light chain variable
complementarity-determining region 1 {VLUDRI) comprising an amino acid sequence of
DIENKN (SEQ ID NG 81), a Hght chain variable complementarityv-detenmining region 2
(VLCDRZ) comprising an anmino acid sequence of RDN (SEQ 1D NO: 82), and a light
chain variable complementaritv-determining region 3 (VLCDR3) comprising an anuino

acid sequence of QVRDSNIVV (SEQ TD NO: 83},
wherein the first arm and the second arm dimenze with each other.
A protein comprising:

(1) a polypeptide comprising the extracelintar domain of CTLA4 comprising SEQ ID
NO: 174;

(11} a bridging moiety comprising a sequence comprising of SEQIDNG: 213 and a

sequence comprising of SEQ ID NG 216; and

(111} an antigen-binding site comprising, a heavy cham vanable complementarty-
determimng region | (VHCDRI) comprising an amino acid sequence of GVSIRSNGYY
(SEQ D NG: 93}, a heavy chain variable complementarity-determining region 2
(VHCDRZ) comprising an anino acid sequence of MDYSGT (SEQ 1D NO: 94), a heavy
chain variable complementarity-determimng region 3 (VHCDR3) comprising an amino
acid sequence of ARERSNNWYPIDY (SEQ ID NO: 95}, a light chain variable
complementarity-determining region 1 {VLCDR1)} comprising an amino acid sequence of
SVRRFF (SEQ ID NG: 97), a light chain variable complementarity-determining region 2
(VLCDR2) comprising an amino acid sequence of GKD (SEQ ID NO: 98), and a hght
chain variable complementarity-deternuning region 3 (VLCDR3) comprising an amino

acid sequence of NSRDSSGYLVL (SEQ 1D NO: 99},

A protein comprising a first arm and a second arm, the first arm comprising!

204



e

i0

J—
W

20

36

WO 2022/261079 PCT/US2022/032482

(i} a first polypeptide comprising the extracellular domain of CTLA4 comprising SEQ ID

NGO 174,

(i1} a first bridging motety comprising a sequence comprising of SEQ IDNG: 213 and 2

sequence comprising of SEQ ID NG 216; and

{(111) a first antigen-binding site comprising, a heavy chain variable complementarity-
deteomining region | {(VHCDRI) comprising an amino acid sequence of GVSIRSNGYY
(SEQ ID NG: 93), a heavy chain variable complementanty-defermining region 2
(VHCDR2) compnising an amine acid sequence of MBYSGT (SEQ ID NG 94), a heavy
chain variable complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence of ARERSNNWYPIDY (SEQ 1D NG: 95), a light chain variable
complementarity-determining region 1 {(VLCDRI) comprising an amino acid sequence of
(VLCDRZ) comprising an amino acid seguence of GKID (SEQ ID NO: 98), and a light
chain variable complementarity-determining region 3 (VLCDR3) comprising an amino

actd sequence of NSRDSSGYLVLE (SEQ ID N(: 99), and
the second arm comprising:

(1) a second polvpeptide comprising the extracellular domain of CTLA4 comprising SEQ
IDNQO: 174;

(i1} a second bridging moiety comprising a sequence comprising of SEQ ID NG: 213 and

a sequence comprising of SEQ D NO: 216; and

(111} a second antigen-binding site comprising, a heavy chain variable complementarity-
determining region | {(VHCDRI) comprising an aming acid sequence of GVSIRSNGYY
(SEQ 1D NO: 93}, a heavy chain variable complementanity-deterovning region 2
(VHCDR2) comprising an amino acid sequence of MDYSGT (SEQ 1D NO: 94), a heavy
chain variable complementarity-determining region 3 {(VHUDR3) comprising an amino
acid sequence of ARERSNNWYPIDY (SEQ ID NQO: 95), a light chain variable
complementarity-determoiing region L (VLCDRI) comprising an amino acid sequence of
SVRRFF (SEG ID NO: 97), a hght chain vartable complementarityv-determining region 2
(VLCDR2)Y comprising an amine acid sequence of GKD (SEQ 1D NO: 98), and a light
chain variable complementarity-determining region 3 (VLCDR3) comprising an amino
acid sequence of NSRDSSGYLVL (SEQ 1D NO: 993,
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61.

[o5}

wherein the first arm and the second arm dimernze with each other.
A protein comprising:

(i) a polvpeptide comprising the extracellular domain of CTLA4 comprising SEQ ID

NG 174,

(11} a bridging moiety comprising a sequence compnising of SEGIDNO: 213 and a

sequence comprising of SEQ IDNG: 214; and

(111} an antigen-binding site comprising, a heavy cham variable complementarity-
determining region  (VHCDRI) comprising an amino acid sequence of GASVSSSSYY
(SEQ ) NG: 85}, a heavy chain variable complementarity-determining region 2
(VHCDR2) comprising an anmino acid sequence of INYGGST (SEQ ID NG 86), a heavy
chain vartable complementarity-determimng region 3 (VHCDR3) comprising an anuino
actd sequence of ARHRGIYHFDY (8EQ 1D NG: 87), a light chain variable
complementarity-determining region 1 {VLCDRI) comprising an amino acid sequence of
NIENKN (SEQ I3 NO: 89), a hight cham vaniable complementaritv-determining region 2
(VLCDRZ) comprising an amino acid sequence of RDS (SEQ D NO: 90), and a light
chain variable complementaritv-determining region 3 (VLCDR3) comprising an anuno

acid sequence of QVWDSNTVVY (SEQ 1D NO: 91).

. A protein coraprising a first arm and a second amm, the first arm comprising:

(1) a first polypeptide coraplex the extracellular domain of CTLA4 comprising SEQ 1D
NO: 174;

(11} a first bridging motety comprising a sequence comprising of SEQ IDNG: 213 and a

sequence comprising of SEQ 1D NQJ: 214; and

(10} a first antigen-binding stfc comprising, a heavy chain vaniable conmplementarity-
determining region [ {(VHCDRI) comprising an aming acid sequence of GASVSSSSYY
(SEQ ID NG: 85), a heavy chain variable complementarity-determining region 2
(VHCDR2) comprising an amino acid sequence of INYGGST (SEQ ID NG: 86), a heavy
chain vanable complementanty-determining region 3 (VHCDR3) comprising an amino
acid sequence of ARHRGIYVHEDY (SEQ ID NO: 87), alight chain variable
complementarity-determining region 1 (VLCDRI) comprising an amino acid sequence of
NIENEKN (SEQ 1D NO: 89), a light chain variable complementarity-determining region 2
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(VLCBRZ) comprising an amino acid sequence of RDS (SEQ ID NO: 80}, and a light
chain vartable complementarity-determining region 3 (VLCDR3) comprising an amino

acid sequence of QVWDSNTVY (SEQ 1D NO: 91), and
the second arm comprising:

(1} a second polypeptide comprising the extracellular domain of CTLA4 comprising SE(}
3 NO: 174;

(11} a second bridging moicty comprising a sequence comprising of SEQ ID NG: 213 and

a sequence comprising of SEQ D NO: 214; and

(111} a second antigen-binding site comprising, a beavy chain variable complementarity-
determining region T {(VHCDRI) comprising an amino acid sequence of GASVSSSSYY
(SEQ ID NQ: 85), a heavy chain variable complementanty-determining region 2
(VHCDR2) comprising an amino acid sequence of INYGGRT (SEQ ID NO: 86), a heavy
chain variable complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence of ARHRGIYHEDY (8EQ ID NG: 87), a light chain variable
complementarity-determining region 1 {VLCDRI) comprising an amino acid sequence of
NIENKN (SEQ ID NO: 89), a light chain vanable complementarity-determining region 2
(VLCDR2) comprising an amino acid sequence of RDS (SEQ 1D NG: 80), and a light
chain vartable complementarity-determiming region 3 (VLCDR3) compnsing an amino

actd sequence of QYWDSNTVY (SEQ 1D NO: 91),

wherein the first amm and the second arm dimerize with cach other.

. A protein comprising:

(1) a polypeptide comprising the extraceliular domam of CTLA4 comprising SEQ ID
NG 174,

(i1} a bridging moicty comprising a sequence comprising of SEQ ID NG: 213 and a
sequence comprising of SEQ IDNG: 216; and

(111} an antigen-binding site comprising, a heavy chain variable complementarity-
determining region | {(VHCDRI) comprising an amino acid sequence of GGSISSSSYY
(SEQ 1D NG: 101}, a heavy chain variable complementarity-determining region 2
(VHCDR2) compnsing an amino acid sequence of IGSVDYSGNT (SEQ IB NGO: 102}, a
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64.

heavy chain variable complementarity-determining region 3 (VHUDR3) comprising an
amino acid sequence of ARHRGIYFFDY (SEQ ID NG 103), a light chain variable
complementarity-determining region 1 {VLCDRI) comprising an amino acid sequence of
NIENKN (SEQ ID NO: 89}, a light chain vanable complementarity-determining region 2
(VLCDR2} comprising an amino acid sequence of RDS (SEQ ID NO: 80), and a light
chain variable complementarity-determining region 3 (VLCDR3) comprising an amino

acid sequence of QVWDSNTVV (SEQ 1D NG: 91).
A protein comprising a first amm and a second arm, the first arn comprising:

(1) a first polypeptide comprising the extracelluiar domain of CTLA4 comprising SEQ 1D
NG: 174;

(11} a first bridging moiety comprising a sequence comprsing of SEQ ID NG: 213 and a

sequence comprising of SEQ ID NG 216; and

(111} a first antigen-binding site comprising, a heavy chain vanable complementarity-
determiming region | (VHCDRI) comprising an anuno acid sequence of GGSISSSSYY
(SEQ 1D NG: 161}, a heavy chain variable complementarity-determining region 2
(VHCDRZ) comprising an anuno acid sequence of IGSVDYSGNT(SEGID NG 102),a
heavy chain variable complementaritv-determining region 3 (VHCDR3) comprising an
amino acid sequence of ARHRGIYFFDY (SEQ ID NG: 103}, a light chain vanable
complementarity-determining region 1 {VLCDR1} comprising an amino acid sequence of
NIENKN (SEQ 3 NO: 89), a hight chain variable complementarity-determining region 2
(VLCDRZ) comprising an amino acid sequence of RDS (SEQ D NO: 90), and a light
chain variable complementarity-deternuning region 3 (VLCDR3) comprising an amino

acid sequence of QVWDSNTVY (SEQ 1D NO: 91), and
the second arm comprising:

(13 a second polypeptide comprising the extracellular domain of CTLA4 comprising SEQ
D NO: 174;

(i1} a second bridging moicty comprising a seguence comprising of SE(} 1D NO: 213 and

a sequence comprising of SEQ D NG 216; and

(111} a second antigen-binding site comprising, a heavy chain variable complementarity~
determining region | (VHCDRI) comprising an amino acid sequence of GGSISSSSYY
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(SEQ ID NG: 101}, a heavy chain variable complementarity-determining region 2
(VHCDRZ) comprising an amine acid sequence of IGSVDYSGNT (SEQ ID NGO 102}, a
heavy chain variable complementanty-deternuning region 3 (VHCDR3) comprising an

amino acid sequence of ARHRGIYFFDY (SEQ ID NG: 103), a light chain vanable

W

complementarity-determining region 1 {(VLCDR1} comprising an amino acid sequence of
NIENKN (SEQ 13 NO: 89}, a hight chain vanable complementarity-determining region 2
(VLCDR2) conprising an anino acid sequence of RDS (SEQ D NO: 90}, and a light
chain variable complementarnity-deternuning region 3 (VLCDR3) comprising an amino

acid sequence of QVWDSNTVY (SEQ 1D NO: 81),
10 wherein the first arm and the second arm dimerize with each other.
65. A protem comprising:

(1) a polypeptide comprising the extracellnlar domain of CTLA4 comprising SEQ ID
NO: 174,

(i1} a bridging moiety comprising a sequence comprising of SEQ IDNG: 213 and a

[
(v

sequence comprising of SEQ 1D NG 216; and

(111} an antigen-binding site comprising, a heavy chain vanable complementarnity-
determining region | (VHCDRI) comprising an aming acid sequence of GGSISTSSYY
(SEQ D NO: 77), a heavy chain variable complementanty-deteroining region 2
{(VHCDR2) comprising an amino acid sequence of IVYSGST (SEQ ID NO: 78}, a heavy

20 chain variable complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence of ARHRGSYFFDU(SEQ 1D NG: 79}, a light chain variable
complementarity-determining region 1 {VLCDR1) comprising an amino acid sequence of
DIENKN (SEQ ID NO: 813}, a light chain vanable complementarity-deternining region 2
(VLCBR2} comprising an anmino acid sequence of RDN (SEQ 1D NO: 82), and a ight

25 chain variable complementarity-determining region 3 (VLCDR3) comprising an amino

acid sequence of QVRDSNIVY (SEQ ID NG: 83).
66. A protein comprising a first amm and a second arm, the first atm comprising:
(1) a first polypeptide comprising the extracellular domain of CTLA4 comprising SEQ 1D

NG: 174;
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(i1} a first bridging motety comprising a sequence comprising of SEQ IDNG: 213 and a

sequence comprisimg of SEQ 1D NG 216; and

(iii) a first antigen-binding site comprising, a heavy chain variable complementarity-
determining region | (VHCDRI) comprising an amino acid sequence of GGSISTSSYY
(SEQ ID NG: 77}, a heavy cham variable complementarity-determvning region 2
(VHCDR2) comprising an amino acid sequence of IYYSGST (SEQ ID NO: 78}, a heavy
chain vartable complementarity-deternining region 3 (VHUDR3) comprising an amino
acid sequence of ARHRGSYFFDI (SEQ 1D NO: 79}, a light chain variable
complementarity-determining region | (VLCDRI)} comprising an amine acid sequence of
DIENKN (SEQ 1D NO: 81}, a light chain vanable complementarity-deternuning region 2
(VLUDR2) comprising an anino acid sequence of RDN (SEQ 1D NO: 82), and a light
chain variable complementarity-determining region 3 (VLCDR3) comprising an amino

acid sequence of QVRDSNIVY (S8EQ ID NO: 83), and
the second arm comprising:

(1) a second polypeptide comprising the extracellular domain of CTLA4 comprising SEQ

D NO: 174;

(31} a second bridging moiety comprising a sequence comprising of SEQ 1D NO: 213 and

a sequence comprising of SEQ D NO: 216; and

(111} a second antigen-binding site comprising, a heavy chain variable complementanty-
determining region 1 (VHCDRI) comprising an amino acid sequence of GGSISTSSYY
(SEQ 1D NG: 77}, a heavy chain variable complementarnity-deternmining region 2
(VHCDRZ) comprising an amuno acid sequence of IYYSGST (SEQ ID NG: 78), a heavy
chain vartable complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence of ARHRGSYFFD (SEQ 1D NG: 79), a light chain variable
complementarity-determining region 1 {VLCDRI) comprising an amino acid sequence of
DIENKN (SEQ I3 NO: 81), a hght chain variable complementaritv-determining region 2
(VLCBRZ2) comprising an amino acid sequence of RDN (SEQ ID NO: 82), and a light
chain varable complementarity-determining region 3 (VLCDR3) comprising an amino

acid sequence of QVRDSNIVV (SEQ TD NO: 83),

wherein the first arm and the second arm dimerntze with each other,
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67. A protein comprising:

(1) a polypeptide comprising the extracellnlar domain of CTLA4 comprising a scquence
selected from a group consisting of SEQ ID NG 174, SEQ 1D NO: 119, SEQ ID NGO«
215, SEQ 1D NG: 233, SEQ ID NO: 234, and SEQ 1D NO: 235;

(11} a bridging moiety comprising a sequence selected from a group consisting of SEQ 1D
NO: 175, SEQ ID NGO 176, SEGID NG: 177, SEQID NO: 212, SEQID NG: 213, and
SEQ ID NO: 248, and a sequence selected from a group consisting of SEQ ID NO: 178,
SEQID NQG: 237, SEQID NG: 214; SEQ ID NG: 216, SEQ ID NG: 179, SEQ ID NGO
180, SEQ 1D NG: 239, and SEG 1D NG: 240; and

(111) an antigen-binding site comprising a heavy chain variable complementarity-
deternuning region | (VHCDRI) comprising an amino acid sequence of GFTFSNY A
(SEQ ID NG: 133), a heavy chain variable complementanty-determining region 2
{(VHCDR2) compnising an amino acid sequence of ISGSGGAT SEQID NG: 113),a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an
amino acid sequence of TKDRLIMATVRGPYYYGMDY (SEQ 1D NGO 114), a hight
chain variable complementarity-determining region 1| (VLCDRI) comprising an amino
acid sequence of QSISSY (SEQ 1D NG: 121}, a light chain variable complementarity-
determuning region 2 (VLCDR2) comprising an aming acid sequence of AAS (SEQ ID
NGO: 146}, and a hight chain variable complementarity-determiming region 3 {VLUDR3)

comprising an amino acid sequence of QRQSHSVSET (SEQ 1D NO: 154).
68. A protemn comprising a first arm and a second arm, the first arm comprising:

(1) a first polypeptide comprising the extracellular domaim of CTLA4 comprismg a
sequence selected from a groap consisting of SEQ 1D NG: 174, SEQ D NGO 119, SEQ
D NQ: 215, SEQ 1D NO: 233, SEG 1D NG: 234, and SEQ 1D NO: 233,

(i1} a first bridging moiety comprising a sequence selected from a group consisting of
SEQ D NG: 175, SEQ ID NG 176, SEQ 1D NO: 177, SEQ ID NG: 212, SEQ 1D NG
213, and SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ 1D
NO: 178, SEQ ID NO: 237, SEQ ID NO: 214; SEQ ID NO: 216, SEQ ID NO: 179, SEQ
1D NO: 180, SEQ 1D NO: 239, and SEQ 1D NO: 240; and

211



W

10

J—
W

20

[\l
L

WO 2022/261079 PCT/US2022/032482

(i1} a first antigen-binding site comprising a heavy chain variable complementarity-
deternuning region | (VHCDRI) comprising an amino acid sequence of GFTFSNYA
(SEQ ID NG: 133), a heavy chain variable complementarity-determining region 2
(VHCDR2) compnising an amino acid sequence of ISGSGGAT (SEQID NG: 113}, a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an
amino acid sequence of TKDRLIMATVRGPYYYGMDY (SEQ ID NO: 1143, alight
chain variable complementarity-determining region | (VLCDRI) comprising an amino
acid sequence of QSISSY (SEQ ID NG: 121}, a light chamn vaniable complementarity-
deternuining region 2 (VLCDR2) comprising an aming acid sequence of AAS (SEQ ID
NGO: 146), and a light chain varnable complementarity-determining region 3 (VLCDR3)

comprising an amino acid sequence of QRSHSVSET (SEQ ID NO: 154), and
the second arm comprising:

(1} a second polypeptide comprising the extraceliular domain of CTLA4 comprising a
sequence selected from a group consisting of SEQ ID NG: 174, SEQ D NO: 119, SEQ
D NGO 2135, SEQ ID NG 233, SEQ ¥ NO: 234, and SEQ 1D N{O: 235,

(11} a second bridging moiety comprising a sequence selected from a group consisting of
SEQ ID NG: 175, SEQID NO: 176, SEQ 1D NO: 177, SEQ [D NO: 212, SEQ ID NG
213, and SEQ 1D NO: 244, and a sequence selected from a group consisting of SEQ 1D
NG: 178, SEQ ID NG 237, SEQ ID NG 214, SEQ ID NO: 216, SEQ ID NG 179, SEQ
D NO: 180, SEQ D NO: 239, and SEQ 1D NO: 240; and

(111} a second antigen-binding site comprising a heavy chain variable complementarity-
determinmang region | (VHCDRI) comprising an amino acid sequence of GFTFSNYA
(SEQ 1D NG: 133}, a heavy chain variable complementarity-determining region 2
(VHCDRZ) comprising an anuno acid sequence of ISGSGGAT (SEQID NG 113),a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an
amino acid sequence of TKODRLUIMATVRGPYYYGMDYV (SEQ D NG: 114, alight
chain variable complementarnty-determining region | (VLCDRI) comprising an amino
acid sequence of QSISSY (SEQ D NG 121}, a light cham vanable complementarnity-
determining region 2 (VLUDR2) comprising an amino acid sequence of AAS (SEQ ID
NGO: 146}, and a light chain vanable complementarity-determining region 3 {VLCDR3)
comprising an anuno acid sequence of QQSHSVSEFT (SEQ ID NO: 154),

wherein the first arm and the second arm dimertze with each other.
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69. A protein comprising:

(1) a polypeptide comprising the extracellnlar domain of CTLA4 comprising a scquence
selected from a group consisting of SEQ ID NG 174, SEQ 1D NO: 119, SEQ ID NGO«
215, SEQ 1D NG: 233, SEQ ID NO: 234, and SEQ 1D NO: 235;

(11} a bridging moiety comprising a sequence selected from a group consisting of SEQ 1D
NO: 175, SEQ ID NGO 176, SEGID NG: 177, SEQID NO: 212, SEQID NG: 213, and
SEQ ID NO: 248, and a sequence selected from a group consisting of SEQ ID NO: 178,
SEQID NQO: 237, SEQ ID NG: 214, SEQ ID NG 216, SEQ ID NO: 179, SEG ID NO:
180, SEQ 1D NG: 239, and SEG 1D NG: 240; and

(111) an antigen-binding site comprising a heavy chain variable complementarity-
determiming region | (VHCDRI) comprising an amino acid sequence of SYAMS (SEQ
1D NO: 103}, a heavy chain variable complementaritv-determining region 2 (VHCDR2)
comprising an amino acid sequence of IRGSGGFTYYADSVK (SEQ IDNO: 106), a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an
amino acid sequence of DRLVAPGTFDY (SEQ 1D NOG: 107), a light chain vanable
complementarity-determining region 1 (VLCDRI) comprising an amino acid sequence of
RASQGISSWLA (SEQ ID NG: 169), a light chain variable complementarity-
deternuning region 2 (VLCDR2) comprising an anino acid sequence of AASSLOS

(SEQ ID NG: 170), and a light chamn variable complementarity~-determining region 3

(VLCDR3} comprising an amingo ackd sequence of QQYNSYPYT (SEQ IDNO: 171).
76. A protem comprising a first arm and a second arm, the first arm comprising:

(1) a first polypeptide comprising the extracellular domaim of CTLA4 comprismg a
sequence selected from a groap consisting of SEQ 1D NG: 174, SEQ D NGO 119, SEQ
0 NO: 215, SEQ 1D NG 233, SEGQ 1D NO: 234, and SEQ 1D NO: 2335;

(i1} a first bridging moiety comprising a sequence selected from a group consisting of
SEQ D NG: 175, SEQ ID NG 176, SEQ 1D NO: 177, SEQ ID NG: 212, SEQ 1D NG
213, and SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ 1D
NG: 178, SEG ID NG: 237, SEQ ID NG: 214, SEQ IDNG: 216, SEQ ID NG: 179, SEQ
1D NO: 180, SEQ 1D NO: 239, and SEQ 1D NO: 240; and
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(i1} a first antigen-binding site comprising a heavy chain variable complementarity-
deteomining region I (VHCDRI) comprising an amino acid sequence of SYAMS (SEQ
I3 NO: 105}, a heavy chain variable cormplementarity-determining region 2 (VHCDRY)
comprising an anuno acid sequence of HSGSGGFTYYADSVK (SEQ IDNO: 106), a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an
amino actd sequence of DRLVAPGTFDY (SEQ 1D NO: 107}, a light chain varable
complementarity-determining region 1 {(VLUDRI) comprising an amino acid sequence of
RASQGISSWLA (SEQ ID NG: 169), a hight chain variable complementarity-
determining region 2 (VLCDR2) comprising an aming acid sequence of AASSLOS
(SEQ ID NG: 170}, and a light chain variable complementarity~-determining region 3
(VLCDR3) comprising an amino acid sequence of QQYNSYPYT (SEQ 1D NO: 171),

and
the second arm comprises:

(1) a second polypeptide comprising the extracellular domain of CTLA4 comprising a
sequence selected from a groap consisting of SEQ 1D NQ: 174, SEQ 1D NO: 119, SEQ
IDNO: 213 SEQ D NO: 233, SEG 1D NO: 234, and SEQ ID NO: 233

(11} a second bridging moicty comprising a sequence selected from a group consisting of
SEQ ID NO: 175, SEQ ID NO: 176, SEQ 1D NO: 177, SEQ 1D NO: 212, SEQ 1D NO:
213, and SEQ ID NO: 248, and a sequence selected from a group consisting of SEQ 1D
NO: 178, SEQ ID NO: 237, SEQ ID NG: 214, SEQ ID NG: 216, SEQ ID NO: 179, SEQ
D NO: 180, SEQ 1D NO: 239, and SEQ 1D NO: 240; and

(ii1) a second antigen-binding site comprising a heavy chain variable complementarity-
detcrmining region I (VHCDRI) comprising an amino acid sequence of SYAMS (SEQ
I3 NO: 105}, a heavy chain vanable complementarity-deternuning region 2 (VHCDIR2)
comprising an amino acid sequence of HSGSGOFTYYADSVEK (SEQ IDNO: 106), a
heavy chain variable complementarity-determining region 3 (VHCDR3) comprising an
amino acid sequence of DRLVAPGTFDY (SEQ 1D NO: 107}, a light chaio varable
complementarity-determining region 1 (VLCDRI) comprising an amino acid sequence of
RASQGISSWLA (SEQ ID NG: 169), a hight chain variable complementarity-
determining region 2 (VLCDR2) comprising an aming acid sequence of AASSLOS
(SEQ ID NGO: 170), and a light chain variable complementanity-~determining region 3
(VLCDR3) comprising an amino acid sequence of QQYNSYPYT (SEQ 1D NO: 171),
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wherein the first arm and the second arm dimernze with each other.

. A protein comprising:

(i) a polyvpeptide comprising the extracellular domain of CTLA4 comprising a sequence
selected from a group consisting of SEQ 1D NO: 174, SEQ ID NO: 119, SEQ 1D NO:
215, SEQ ID NG 233, SEGQ 1D NG: 234, and SEQ 1D NO: 235;

(11} a bridging moiety comprising a sequence selected from a group consisting of SEQ ID
NO: 175, SEG ID NO: 176, SEQ ID NO: 177, SEG 1D NG: 212, SEQ ID NO: 213, and
SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ ID NG 178,
SEQ D NO: 237, SEQID NG: 214 |, SEQ ID NO: 216, SEGQ ID NO: 179, SEQ 1D NO:
180, SEQ ID NO: 239, and SEQ ID NO: 240; and

(111} an antigen-binding site comprising, according to the IMGT unique numbering
scheme, VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDRZ, and VECDR3 each
comprising an amino acid sequence correspondimg to the VHCDRI, VHCDR2,
VHCDRZ, VLCDRI, VECDR2, and VLCDR3 sequences of a heavy chain vanable

domain and a light chain variable domain listed in TABLE 3, respectively.

. A protein comprising a first arm and a second arm, the first arm comprising:

(1) a first polvpeptide comprising the extracellular domain of CTLA4 comprising a
sequence selected from a group consisting of SEQ D NO: 174, SEQ 1D NO: 119, SEG
I3 NO: 215, SEQ ID NO: 233, SEQ 1D NO: 234, and SEQ 1D NO: 235;

(11} a first bridging motety comprising a sequence selected from a group counsisting of
SEQ ID NO: 175, SEQID NG: 176, SEQ IDNO: 177, SEQ H3 NO: 212, SEQ ID NO:
213, and SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ ID
NG 178, SEQ ID NG 237, SEG ID NO: 214 | SEQ ID NG: 216, SEQ ID NG 179, SEQ
3 NO: 180, SEQ 1D NO: 239, and SEQ 1D NO: 240; and

(iit} a first antigen-binding site comprising, according to the IMGT unigue numbering
scheme, VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDRZ, and VLCDR3 cach
comprising an amino acid sequence corresponding to the VHCDRI, VHCDR2,
VHCDR3, VLCDRI, VECDRZ, and VLCDR3 sequences of a heavy chain vanable

domain and a light chain variable domain listed in TABLE 3, respectively, and
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74.

the sceond arm comprising:

(1) a second polypeptide comprising the extraceliular domain of CTLA4 comprising a
sequence selected from a group consisting of SEQ ID NG: 174, SEQ D NO: 119, SEQ
D NO: 213, SEQ 1> NO: 233, SEQ 1D NO: 234, and SEQ 1D NO: 235

(i1} a second bridging moiety comprising a sequence selected from a group consisting of
SEQ ID NG: 175, SEQ ID NO: 176, SEQ ID NO: 177, SEQ D NO: 212, SEQ 1D NO:
213, and SEQ ID NO: 248, and a sequence selected from a group consisting of SEQ 1D
NG: 178, SEQ ID NO: 237, SEQ ID NG: 214, SEQ ID NG: 216, SEQ ID NO: 179, SEQ
10 NO: 180, SEQ 1D NO: 239, and SEQ 1D NO: 240; and

(111) a second antigen-binding site comprising, according to the IMGT unique numbering
scheme, VHCDRI, VHCDR2, VHCDR3, VLCDRL, VLCDR2, and VLCDR3 cach
comprising an amino acid sequence corresponding to the VHCDRI, VHCDR2,
VHCDR3, VLODRI, VLODR?2, and VLCDR3 sequences of a heavy chain variable

domain and a light chain vartable domain listed in TABLE 3, respectively,

wherein the first amm and the second arm dimerize with each other.

. A protein comprising:

(1} a polyvpeptide comprising the extracellular domain of CTLA4 comprising a sequence
selected from a group consisting of SEQ 1D NO: 174, SEQ ID NO: 119, SEQ 1D NO:
215, SEQ 1D NO: 233, SEQ 1D NG: 234, and SEQ 1D NO: 235;

(11} a bridging moiety comprising a sequence sclected from a group consisting of SEQ ID
NO: 175, SEQ ID NO: 176, SEQ D NG: 177, SEQID NG: 212, SEQ ID NG: 213, and
SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ ID NG 178,
SEQ 1D NOG: 237, SEQ ID NG: 214 | SEQ ID NO: 216, SEQ ID NO: 179, SEQ D NO:
180, SEQ ID NO: 239, and SEQ 1D NO: 240; and

(iit) an antigen-binding site comprising a polypeptide that specifically binds to OX40L.
A protein comprising a first arm and a second arm, the first anm comprising:

(1) a first polypeptide comprising the extracellular domain of CTLA4 comprising a
sequence selected from a group consisting of SEQ 1D NQ: 174, SEQ 1D NO: 119, SEQ
D NO: 215, SEQ D NO: 233, SEQ ID NG: 234, and SEQ 1D NQO: 235;
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75.

77.

(i1} a first bridging moiety comprising a sequence selected from a group consisting of
SEQ 1D NG: 175, SEQ ID NO: 176, SEQ 1D NO: 177, SEQ D NOG: 212, SEQ 1D NG
213, and SEQ 1D NO: 244, and a sequence selected from a group consisting of SEQ 1D
NO: 178, SEQ ID NGO 237, SEQ ID NG: 214, SEQ ID NG: 216, SEQ ID NO: 179, SEQ
D NO: 180, SEQ ID NO: 239, and SEQ 1D NO: 240; and

(111} a first antigen-binding site comprising a polypeptide that specifically binds to

X400, and
the second arm comprising:

(i} a second polypeptide compnising the extraceltular domain of CTLA4 comprising a
sequence selected from a group consisting of SEQ 1D NO: 174, SEQ 1D NO: 119, SEQ
1D NO: 215, SEGQ ID NO: 233, SEQ ID NG: 234, and SEQ 1D NO: 233;

(11} a second bridging moicty comprising a sequence selected from a group consisting of
SEQ D NO: 175, SEQ ID NO: 176, SEQ ID NO: 177, SEQ HI NO: 212, SEQ ID NO:
213, and SEQ 1D NO: 248, and a sequence selected from a group consisting of SEQ ID
NO: 178, SEQ 1D NG: 237 SEQ IDNG: 214 | SEQ 1D NO: 216, SEQ ID NGO 179, SEQ
I3 NO: 180, SEQ 1D NGO 239, and SEQ 1D NO: 240; and

(111} a second antigen-binding site comprising a polypeptide that specifically binds to

X408,
wherein the first amm and the second arm dimerize with each other.

The protein of any one of claims 57, 39, 61, 63, 63, 67, 69, and 71, wheremn the antigen-
binding site further comprises a partial hinge polypeptide comprising the sequence of

SEQ 1D NO: 336

76. The protein of any one of claims 58, 60, 62, 64, 68, 70, and 72, wherein the first anfigen~

binding site and second antigen-binding site both further comprise a partial hinge
polypeptide comprising the sequence of SE(} 1D NO: 336.

A protein comprising an amino acid sequence at least 90% identical to the amino acid
sequence selected from the group consisting of SEQ ID NGO 40, SEQ [D NO: 62, SEQ
I3 NO: 64, SEQ IDNO: 182, SEQ D NGO 183, SEG 1D NO: 184, SEQ ID NO: 185,
SEQ ID NO: 186, SEQ 1D NG: 48, SEQ ID NG: 68, SEQ 1D NO: 187, SEQ ID NG: 188,
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SEQ 1D NO: 189, SEQ ID NG: 190, SEQ 1D NG: 191, SEQ ID NG 46, SEQ ID NO: 66,
SEQ 1D NOG: 192, SEQ ID NG 193, SEQ 1D NO: 194, SEQ ID NO: 195, SEQ 1D NO:
196, SEQ 1D NO: 30, SEQ 1D NG: 70, SEQ 1D NO: 197, SEQ ID NGO: 198, SEQ ID NG:
199, SEQ ID NO: 200, SEQ ID NG: 201, SEQ ID NG: 38, SEQ ID NG 73, SEQ ID NO:
42 SEGID NO: 44, SEQ ID NQ: 52, SEGQ ID NG 54, SEQ ID NQO: 36, SEQ ID NG 58,
SEQ ID NOG: 60, SEQ 1D NG: 37, SEQ ID NOG: 256, SEQ 1D NO: 257, SEQ D NO: 258,
SEQ 1D NO: 239, SEQ D NO: 260, SEQ ID NO: 261, SEQ HI NO: 262, SEQ ID NO:
263, SEQ ID NO: 264, SEQ 1D NO: 265, SEQ ID NO: 266, SEQ ID NGO: 267, SEQ ID
NGO: 268, SEQ 1D NQ: 269, SEGQ 1D NG: 270, SEQ 1D NO: 271, SEQ 1D NO: 272, SEQ
i0 I3 NO: 273, SEQ ID NO: 274, SEQ ID NG 275, SEQ ID NG: 276, SEQ ID NG: 277,
SEQ ID NQG: 278, SEQ ID NG: 279, SEQ ID NG 280, SEQ ID NO: 281, SEQ ID NO:
282, SEQ 1D NO: 283, SEQ ID NO: 284, SEQ ID NO: 285, SEQ ID NO: 286, SEQ ID
NO: 287, SEGQ 1D NO: 288, SEQ 1D NO: 289, SEG 1D NG: 290, SEQ ID NO: 281, SEQ
D NO: 292, SEQ D NO: 293, SEG 1D NOG: 294, SEQ 1D NG: 295, SEQ 1D NO: 296,
15 SEQ 1D NO: 297, SEQ ID NG: 298, SEQ ID NO: 299, SEQ 1D NG: 300, SEQ ID NO:
301, SEQ ID NO: 302, SEQ 1D NG: 303, SEQ 1D NO: 304, SEQ ID NO: 305, SEQ 1D
NO: 306, SEQ D NQ: 307, SEG 1D NG: 308, SEQ ID NQO: 309, SEQ ID NO: 310, SEQ
[0 NG: 31 SEQID NG 312, SEQ 1D NG: 313, SEQ ID NG: 314, SEQ ID NG: 315,
SEQID NO: 316, SEQ ID NG: 317, SEQ ID NG 318, SEQ 1D NO: 319, SEQ ID NO:
20 320, SEQ ID NO: 321, SEQ ID NQ: 322, SEQ 1D NO: 323, SEG ID NG: 324, SEQ 1D
NG: 325, SEG ID NO: 326, SEQ D NQ: 327, SEQ ID NG: 328, SEQ D NG: 329, SEQ
D NO: 330, SEQ 1D NO: 331, SEQ ID NG: 332, SEQ ID NO: 333, SEQ ID NO: 334,
and SEQ 1D NQ: 335

W

78. A protein compnising polvpeptides comprising amino acid sequences at least 90%

N2
7t

identical to the amino acid sequences of!
SEQ 1D NO: 40 and SEQ 1D NO: 39;
SEQ ID NQG: 62 and SEQ ID NG 61;
SEQ D NO: 64 and SEQ TD NG: 63;

SEQ ID NO: 182 and SEQ 1D NO: 63;

36 SEQ 1D NO: 183 and SEQ 1D NG: 63;
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SEQ ID NO: 184 and SEQ ID NQ: 63;
SEQ ID NG: 185 and SEQ 1D NO: 63;
SEQ 1D NG: 186 and SEQ ID NQ: 63;
SEQ 1D NO: 48 and SEQ ID NO: 47,
5 SEQ 1D NO: 68 and SEQ 1D NO: 67,
SEQ 1D NG: 187 and SEQ ID NO: 67;
SEQ ID NO: 188 and SEQ D NGO 67;
SEQ 1D NO: 189 and SEQ ID NG 67;
SEQ ID NG: 190 and SEQ 1D NO: 67;
HY) SEQ 1D NO: 191 and SEQ 1D NG: 67
SEQ 1D NO: 46 and SEQ 1D NO: 45;
SEQ 1D NO: 66 and SEQ 1D NO: 65;
SEQ 1D NO: 192 and SEQ 1D NO: 65,
SEQ ID NO: 193 and SEQ D NO: 653,
i3 SEQ 1D NO: 194 and SEQ ID NG: 65;
SEQ ID NG: 195 and SEQ 1D NO: 65;
SEQ 1D NO: 196 and SEQ 1D NG: 65;
SEQ 1D NO: 30 and SEQ 1D NO: 49,
SEQ ID NO: 70 and SEQ ID NGO 69;
20 SEQ 1D NO: 197 and SEQ ID NO: 69;
SEQ ID NO: 198 and SEQ 1D NO: 69;

SEQ 1D NO: 199 and SEQ ID NG: 69;
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SEQ 1D NO:
SEQ ID NO:
SEQ D NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:

SEQ D NO:

200 and SEQ ID NQG: 69;

201 and SEQ ID NO: 69;

38 and SEQ ID NG:

73 and SEQ I3 NO:

42 and SEQ 1D NO:

44 and SEQ ID NO:

52 and SEQ ID NG

54 and SEQ ID NO:

56 and SEQ ID NO:

58 and SEQ 1D NO:

60 and SEQ 1D NO: 59;

37 and SEQ ID NO:

256 and SEQ ID NO:
257 and SEQ ID NG
258 and SEQ ID NG
259 and SEQ ID NO:
260 and SEQ ID NGO
261 and SEQ 1D NG
262 and SEQ ID NO:
263 and SEQ ID NG
264 and SEQ 1D NO:

265 and SEQ ID NG:
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SEQ 1D NO:
SEQ ID NO:
SEQ D NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:

SEQ D NO:

266 and SEQ ID NG
267 and SEQ ID NO:
268 and SEQ ID NG
269 and SEQ 1D NO:
270 and SEQ 1D NG
271 and SEQ 1D NG
272 and SEQ ID NG
273 and SEQ ID NG:
274 and SEQ ID NO:
275 and SEQ 1D NO:
276 and SEQ 1D NO:
277 and SEGQ 1D NO:
278 and SEQ 1D NG
279 and SEQ ID NG
280 and SEQ ID NG
281 and SEQ ID NO:
282 and SEQ ID NGO
283 and SEQ 1D NG
284 and SEGQ 1D NO:
285 and SEQ ID NG
286 and SEQ 1D NO:

287 and SEQ ID NG:
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SEQ ID NO: 288 and SEQ ID NG: 63;

SEQ ID NG: 289 and SEQ 1D NO: 63;

SEQ 1D NO: 290 and SEQ ID NG: 63;

SEQ ID NO: 291 and SEQ 1D NO: 63;

3 SEQ 1D NO: 292 and SEQ 1D NO: 63;

SEQ 1D NOG: 293 and SEQ ID NO: 63;

SEQ ID NO: 294 and SEQ ID NO: 67;

SEQ 1D NO: 295 and SEQ ID NG: 67;

SEQ ID NQG: 296 and SEQ 1D NO: 67;

10 SEQ 1D NOG: 297 and SEQ 1D NG: 67;

SEQ 1D NO: 298, and SEQ 1D NO: 67,

SEQ 1D NO: 299 and SEQ 1D NO: 67;

SEQ 1D NO: 300 and SEQ D NO: 67:

~—t
e

SEQ ID NO: 301 and SEQ ID NO: 67;
15 SEQ 1D NO: 302 and SEQ ID NO: 67;
SEQ ID NO: 303 and SEQ 1D NO: 67;
SEQ 1D NO: 304 and SEQ ID NO: 67;
SEQ 1D NO: 305 and SEQ ID NO: 67
SEQ ID NO: 306 and SEQ 1D NO: 67;
20 SEQ ID NO: 307 and SEQ ID NO: 67,
SEQ ID NO: 305 and SEQ ID NO: 67;

SEQ 1D NO: 309 and SEQ ID NG: 67;
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SEQ ID ND

SEQ ID NO

SEQ D NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:

SEQ D NO:

1310 and SEQ ID NG

- 311 and SEQ ID NO:

312 and SEQ ID NO:
313 and SEQ ID NO:
314 and SEG 1D NO:
315 and SEQ 1D NG
316 and SEQ ID NO:
317 and SEQID NO: 6
318 and SEQ ID NO:
319 and SEQ 1D NO:
320 and SEQ 1D NO:
321 and SEQ ID NQO: 6

22 and SEQ 1D NO:
323 and SEQ ID NO:
324 and SEQIDNO: 6
325 and SEQ ID NO:
326 and SEQ ID NG
327 and SEQ 1D NG
328 and SEQ ID NO: 6
329 and SEQ ID NO:
330 and SEQ 1D NO:

331 and SEQ ID NO:

57,

67;

67

67,

o
~d

o
~~d

67,

67

67;

>
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79.

806,

81

83.

86.

SEQ ID NO: 332 and SEQ ID NQO: 253,
SEQ ID NO: 333 and SEQ 1D NO: 255;
SEQ D NO: 334 and SEQ ID NG: 253, or
SEQ 1D NO: 335 and SEQ 1D NO: 255,

A protein comprising polypeptides comprising amino acid sequences of SEQ 1D NG: 62
and SEQ ID NO: 61.

The protein of claim 79 comprising two polypeptides comprising amino acid sequences
of SEQ ID NO: 62 and two polypeptides comprising amino acid sequences of SEQ 1D
NO: 61

A protem comprising polypeptides comprising amino acid sequences of SEQ ID NG: 63
and SEQ 1D NQ: 64

. The protein of claim &1 comprising two polypeptides comprising amino acid sequences

of SEQ 1D NO: 63 and two polypeptides comprising amino acid sequences of SEQ ID
NO: 64,

A protein comprising polvpeptides comprising anuno acid sequences of SEQ ID NG 68
1 f= J g

and SEQ 1D NO: 67.

. The protein of claim 83 comprising two polypeptides comprsing amino acid sequences

of SEQ 1D NO: 68 and two polypeptides comprising amino acid sequences of SEQ ID
NG 67.

. The protein of any one of claims 8 to 11 and 13 to 84, whercin the protein has an ICse

less than 12 oM as measured in an OX40L neutralization/OX40-HEK reporter assay.

The protein of any one of claims & to 11 and 13 to 83, wherein the protein has an ICsp of

3nMto 12 oM as measured in an OX40L neutralization/OX40-HEK reporter assay.

7. The protein of any one of claims 8 to 11 and 13 to 86, wherein the protein has an 1Cse of

5 oM to 9 nM as measured i an OX40L neutralization/OX40-HEK reporter assay.

%, The protein of any one of claims & to 11 and 13 to 87, wherein the protein has an ICse of

2 nMto 12 oM as measured in a primary T cell activation assay.
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89.

90.

91.

a5

96,

The protein of any one of claims 8 to 11 and 13 to 88, wherein the protein has an ICsp of

2 nM 1o 9.3 nM as measured in a primary T ccll activation assay.

The protein of any one of claims 8 to 11 and 13 to 89, wherein the protein has a Ko for

OX40L binding of less than 75 nM as measured i a Biacore assay.

The protein of any one of claims 8 to 11 and 13 to 90, wherein the protein has a Ko for

OX40L binding of 20 nM to 75 oM as measured in a Biacore assay.

2. The protein of any one of claims 8 to 11 and 13 to 91, wherein the protein significantly

intubits at least one of IL-2, IFNy, IL-6, and TNFa production by cells in an in vitre
mixed lvmphocyvie reaction assay as compared to cells treated under the same conditions
but in the absence of protein, or in the presence of a human UTLA4 extracellolar domain
fused at the N-terminus of a human IgG1 Fe domain (CTLA4-12) and an anti-OX40L
antibody, presented individaally or in combination of the two proteins presented

separately.

3. The protein of any one of claims § to 11 and 13 to 92, wherein the protein significantly

inhibits alloreactive CD4” and CD8™ T cell proliferation in an in virro mixed fymphocyte
reaction assay as compared to alloreactive CD4" and CDE™ T cells treated under the same
conditions but in the absence of protein, or in the presence of a CTLA4-Ig and/or an anti-

OX40L antibody.

The proten of any one of claims § to 11 and 13 to 93, wherein the protein preferentially
inhibits alloreactive CD47 and CD87 T cell proliferation as compared to regulatory T cell
{Treg} proliferation in an in vifro mixed Iymphocyic reaction assay as compared to
alloreactive D47 and CDR™ T cells treated under the same conditions but in the absence

of protein, or in the presence of a CTLA4-Ig and/or an anti-OX40L antibody.

. The protein of any one of claims § to 11 and 13 to 94, wherein the protein significantly

enhances Treg suppressive function in an /n vifre mixed lymphocyte reaction assay as
compared to Trg celis treated under the same conditions but in the absence of protein, or

in the presence of a CTLA4-Ig and/or an anti~OX40L antibody.

The protein of any one of claims 8 to 11 and 13 to 95, wherein the protein sigoificantly
inhubits alloreactive D47 and CD8™ T ecll proliferation in an adoptive transfer assay n

hamanized mice as compared to alforeactive CD4™ and CD8™ T cells in mice treated
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under the same conditions but in the absence of protein, or in the presence of a CTLA4-

g and/or an anti-0X40L antibody.

97. The protein of any one of claims 8 to 11 and 13 to 96, wherein the protein significantly
inhibits serom IFNy levels in an adoptive transfer assay in bumanized mice as compared
to mice treated under the same conditions but in the absence of protein, or in the presence

of a CTLA4-Ig and/or an anti-OX40L antibody.

98. The protein of any one of claims 8 1o 11 and 13 1o 97, wherein the protein is not

significantly infernalized into myeloid-derived dendritic cells (MDDCs).

90, The protem of any one of claims § to 11 and 13 to 98, wherein the protein is cross-

reactive with cynomolgus OX40L.

100. The protein of any one of claims 8 to 11 and 13 to 89, whercin the protein is not cross-

reactive with mouse, rabbit, or rat OX40L.

101, The protein of any one of claims & to 11 and 13 to 100, wherein the protein is cross

reactive with cynomolgus CD80 and CDR6.
162. Use of a protein of claim 77 in preparation of a protein of claim 78.

103. A formulation comprising a protein according to any one of claims 1 to 10l and a

pharmaceutically acceptable carrier.
104. A nucleic acid encoding a protein of any one of claims § to 106

105, A cell comprising one or more nucleic acids encoding a protein of any one of claims 1

to 101,

106. A method of treating an autoimmunc disease in a patient, the method comprising
administering 1o the patient a protein of any one of clavms 1 to 101, or the formulation of

claim 103,

107. The method of clatm 106, wherein the autoimmune discase is selected from the group
consisting of rheumatoid arthritis, juvenile idiopathic arthritis, psoriatic arthritis, atopic
dermatitis, Achalasia, Addison’s discase, Adult Still's discase, Agammaglobulinemia,
Alopecia arcata, Amyloidosis, Ankylosing spondylitis, Anti-GBM/Anti-TBM nephritis,

Antiphospholipid syndrome, Autoimmune angioedema, Autoimmune dysautonomia,
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Autoimmune encephalomyvelitis, Autoimmune hepatitis, Autoimmune inner car discase
(AIED), Autounnmune myocarditis, Autoinunune oophoritis, Autoimunune orchitis,
Autoimmune pancreatitis, Autoimmune retmopathy, Automnmune urticaria, Axonal &

neuronal neuropathy (AMAN), Bald discase, Beheet's discase, Bemgn mucosal

W

pemphigoid, Bullous pemphigotd, Castleman disease (CD), Celiac disease, Chagas
disease, Chronic inflammatory demyelinating polyncuropathy (CIDP), Chronic recurrent
multifocal osteomyelitis ({CRMOQO), Churg-Strauss Syndrome (C88) or Eosinophilic
Granulomatosis (EGPA), Cicatricial pemphigoid, Cogan’s syndrome, Cold agglutinin
discase, Congenital heart block, Coxsackie myocarditis, CREST syndrome, Crohn’s
i0 discase, Cutancous Lupus, Demmatitis herpetiformis, Dormatomyositis, Devic’s discase
(neuromyelitis optica}, Discoid lupus, Dressler’s svndrome, Endometniosis, Eosinophilic
esophagitis  {EcE), FEosinophilic fascitis, Ervthema nodosam, Essential mixed
cryoglobulinemia, Evans syndrome, Fibromyalgia, Fibrosing alveolitis, Giant cell
arferitis (temporal artentis), Giant cell myocarditis, Glomerulonephritis, Goodpasture’s
[ svondrome, Granulomatosis with Polyangiitis, Graves™ disease, Guillaim-Barre syndrome,
Hashimoto’s thyroiditis, Hemolvtic anemia, Henoch-Schondein purpura (HSP), Herpes
gestationis or pemphigoid gestatiomis (PG), Hidradenitis Suppurativa (HS) (Acne
Inversa), Hypogammalglobulinemia, IgA Nephropathy, IeGd-related sclerosing discase,
Immune thrombocyvtopenic purpura (ITP), Inchusion body myositis (IBM), Duterstitial
20 cystitis (IC), Juvenile arthritis, huvenile diabetes (Type 1 diabetes), huvenile myositis
(JIM), Kawasaki disease, Lambert-Eaton syndrome, Leukocvtoclastic vasculitis, Lichen
planus, Lichen sclerosus, Ligneous conjunctivitis, Lincar IgA disease (LAD), Lupus,
Lyme disease chronic, Menicre's disease, Microscopic polyangiitis (MPA), Mixed
comnective tissue discase (MCOTD), Mooren’s ulcer, Mucha-Habermann  disease,
25 Multifocal Motor Neuropathy (MMN) or MMNCE, Muluple sclerosis, Myasthenia
gravis, Myvositis, Narcolepsy, Neonatal Lupus, Neuromvelitis optica, Neotropenia,
Ocular cicatricial pemphigoid, Optic neuritis, Palindromic rheumatism (PR), PANDAS,
Paraneoplastic cercbellar degeneration (PCD), Paroxysmal noctursal bemoglobinuna
(PNH), Parry Romberg svadrome, Pars planitis (peripheral uveitis), Parsonage-Turner
30 svndrome, Pemphigus, Peripheral neuwropathy, Perivenous encephalomyelitis, Pernicious
anemia (PA), POEMS syndrome, Polyarteritis nodosa, Polvelandular syadromes type |
i, L Polymyalgia rheumatica, Polymyositis, Postmyocardial infarction syndrome,
Postpericardiotomy syndrome, Primary biliary cirrhosis, Primary sclerosing cholangitis,

Progesterone dermatitis, Psoriasis, Psoriatic arthritis, Pure red cell aplasia (PRCA),
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Pvodenna gangrenosum, Rayvnaud’s phenomenon, Reactive Arthritis, Reflex svmpathetic
dystrophy, Relapsing polychondritis, Restless legs syndrome (RLS) Retroperitoncal
fibrosis, Rheumatic fever, Rheumatoid arthritis, Sarcoidosis, Schoudt syndrome,

Sclertis, Scleroderma, Sjogren’s syndrome, Sperm & testicular awfoimmmnity, Stff

W

person syndrome (SPS), Subacute bactertal endocarditis (SBE), Susac’s svndrome,
Sympathetic ophthalmia (80O}, Takavasu’s arteritis, Temporal arteritis/Giant cell arteritis,
Thrombocytopenic purpura (TTP), Thyroid cve disease (TED), Tolosa-Hunt syndrome
(THS), Transverse myelitis, Type 1 diabetes, Ulcerative colitis (UC), Undifferentiated
connective tissue disease (UCTD), Uveitis, Vasculitis, Vitiligo, and Vogt-Koyanagi-

10 Harada Disease.

108. A method of treating graft versus host disease (GVHD) in a patient, the method
comprising administering to the patient a protein of any one of claims | to 101, orthe

formulation of claim 103,

109, An antibody or functional fragment thereof comprising, according to the IMGT wnique

J—
W

munbering scheme, a heavy chain variable complementarity-determining region 1
(VHCDRI} comprising an amino acid sequence of GGSISTSSYY (SEQID NG 773, a
heavy chain variable complementarity-determining region 2 (VHCDRZ) comprising an
amine acid sequence of TYYSGST (SEQ ID NG: 78}, a heavy chain vanable
complementarity-determining region 3 (VHCDR3) comprising an amino acid sequence
20 of ARHRGSYFFDI (SEQ 1D NGO: 79), a light chain vanable complementarity-
deternuning region 1 (VLCDRI) comprising an amino acd sequence of DIENKN (SEQ
[0 NG 81), a light chain variable complementarity-determining region 2 (VLCDR2)
comprising an amino acid sequence of RDN (SEQ 1D NO: 82), and a light chain variable
complementarity-deterovning region 3 {(VLCDR3) comprising an amino acid sequence of

QVRDSNIVV (SEQ 1D NO: 83).

»]
(9.1

£10. The antibody of claim 109, wherein the heavy chain variable domain comprises an
amine acid sequence at least 90% identical to SEQ 1D NO: 76, and the light chain

comprises an anmino acid sequence at least 90% identical to SEQ ID NO: 80

111. An antibody or functional fragment thereof comprising, according to the IMGT unique
30 numbering scheme, a heavy chain variable complementarity-determining region |
(VHCDR1) comprising an anuino acid sequence of GVSIRSNGYY (SEQ ID NG 93), 2

heavy chain variable complementaritv-determining region 2 (VHCDR2) comprising an
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aminge acid sequence of MDY SGT (SEQ 1D NO: 94), a heavy chain vanable
complementarity-detormining rogion 3 (VHCDR3) comprising an amino acid sequence
of ARERSNNWYPIDY (SEQ 1D NG: 95), a light cham variable complementarity-
deternuning region 1 (VLCDRI) comprising an anmino acid sequence of SVRRFEF (SEQ
I8 NO: 97}, a light chain variable complementarity-determinng region 2 (VLCDR2)
comprising an amino acid sequence of GKD (SEQ ID NG: 98), and a light chain variable
complementarity-determining region 3 (VLUDR3) comprising an amino acid sequence of

NSRDSSGYLVL (SEQ ID NG: 99).

112, The antibody of claim 111, wherein the heavy chain variable domain comprises an

amino acid sequence at least 90% identical to SEQ 1D NG: 92, and the light chain
variable domain comprises an amino acid sequence at least 90% wdentical to SEQ 1D NO:

96,

113, An antibody or functional fragment thereof comprising, according to the IMGT unique

mumbering scheme, a heavy chain varable complementarty-determining region |
(VHCDR1) compnsing an amino acid sequence of GASVSSSSYY (SEQ ID NO: 85}, a
heavy chain variable complementarity-determining region 2 (VHCDRZ) comprising an
amino acid sequence of INYGGST (SEQ 1D NG: 86), a heavy chain variable
complementarity-determining region 3 (VHCDR3) comprising an amino acid sequence
of ARHRGIYHFDY (SEQ 1D NG 87), a light chain variable complementarity-
deternuning region 1 (VLCDRI) comprising an amino acid sequence of NIENKN (SEQ
1D NO: 89), a hight chain varniable complementanty-determining region 2 (VLCDR2)
comprising an amino acid sequence of RDS (SEQ ID NGO 90), and a light chain vanable
complementarity-determining region 3 {VLCDR3) comprising an amino acid sequence of

QVWDSNTVY (SEQ 1D NO: 91},

114, The antibody of claim 113, wherein the heavy chain variable domain (VH) comprises an

anuno acid scquence at least 90% identical to SEQ ID NO: 84, and the light chain
variable domain (VL) comprises an anuno acid sequence at least 90% identical to SEQ

12 NO: 88,

115, An antibody or functional fragment thereof comprising, according to the IMGT unique

numbering scheme, a heavy chain vanable complementarity-determinung region 1
(VHCDR1) comprising an anuno acid sequence of GGSISSSSYY (SEQ 1D NG: 101), 5

heavy chain variable complementaritv-determining region 2 (VHCDR2) comprising an
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amino acid sequence of IGSVDYSGNT (SEQ ID NO: 102}, a heavy chain variable
complementarity-determining region 3 (VHCDR3) comprising an amino acid sequence
of ARHRGIYFFDY (SEQ ID NG: 103), a light chain variable complementarity-
deternuning region 1 (VLCDRI) comprising an anmino acid sequence of NIENKN (SEQ

W

1D NO: 89), a light chain variable complementarity-determining region 2 (VLCDR2)
comprising an amino acid sequence of RDS (SEQ D NO: 90), and a light chain varnable
complementarity-determining region 3 {VLLCDR3) comprising an amino acid segquence of

QVWDSNTVV (SEQ 1D NO: 91},

116. The antibody of claim 115 wherein the heavy chain vanable domam (VH) comprnises an
10 amine acid sequence at least 90% identical to SEQ 1D NO: 100, and the light chan
variable domain (VL) comprises an amino acid sequence at least 90% identical to SEQ

IDNG: 104,

117.The antibody of any one of claims 109 to 115, or functional fragment thereof, wherein

the antibody 1s a human IgGl antibody.

i3 118, Use of an antibody or functional fragment thereof, of any one of claims 10910 117 1n

preparation of a protein of any one of claims 110 9, 13 to 38, or 46.

230



