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PROTEINS THAT DECOUPLE T CELL-MEDIATED TUMOR CYTOTOXICITY FROM
RELEASE OF PRO-INFLAMMATORY CYTOKINES

CROSS-REFERENCE TO RELATED APPLICATIONS

(¥

{0001} The present application claims the benefit of and priority to U.S. Provisional Patent
Application No. 63/231,148, filed August 9, 2021, the entire disclosure of which 1s hercby

mcorporated by reference herein in its entivety for all purposes.
REFERENCE TO A SEQUENCE LISTING XML

{06021  The present application contains a Sequence Listing which has been subnutted
10 electromically m XML format. The Sequence Listing XML is hereby incorporated by reference
m its entirety. Said XML file, created on July 28, 2022, is named EMD-018W0 SL.xml and is

325,620 bytes in size.

FIELD OF THE BDISCLOSURE

{8063]  The present disclosure relates generally to bispecific proteins capable of nducing T

15 cell eviotoxicity of tumor cells, and uses of the same for the treatment of cancers.

BACKGROUND

{00064 RORI is a cell surface tyrosine kinase predominantly expressed during embryonic
development. RORU is expressed on both hematological tumor cells including chronie
Iymphocytic leukemia (CLL) cells and mantle cell loukemua (MCL) cells, and solid tumors

20 including those of the ovary, lung, stomach, pancreas, uteras, breast, and prostate. ROR1
exhibits fimited expression on normal adult tissues (for example, adipose tissue, pre-B celis,
pancreatic islets) and is therefore considered a relatively tumor-specific tumor-associated antigen
{(“TAA™}). RORI-specific antibody drug conjugates (ADC) have demonstrated promising

efficacy in early clinical trials with manageable adverse event (AE} profiles. However, the low
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density and heterogenecous nature of cell surface ROR1T expression in solid tumors reprosents a
challenge for many immunotherapeutic modalitics including monospecific antibodics that
mediate antibody-dependent cyviotoxicity and ADCs.

{0005]  ADCs rely on the magnitude of ADC imtemalization for efficacy. ROR1 ADCs appear
to be highly effective in early clinical trials for RORI™ hematological malignancies including

30 CLL and MCL but this may be attributed at least in part to: (1) greater access of ADC to
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hematological versus solid tumors that require penetration of the ADC, and (2) a higher

frequency and more homogenous expression of ROR1 by hematological versus solid tumors.

{0006} CD3 bispecific antibodies (bsAbs) require minimal receptor occupancy to mediate
potent functional activity. TAA-CD3 bsAbs activate all CD3" iymphocytes, inclading aff T
cells, v8 T cells, NK-T cells, regulatory T cells (Tregs), mucosal associated invariant T (MAIT)
cells, and their phenotypic subsets, when bridged between D3 on T cells and the target TAA
epitope on tumor cells. In solid tumors, the relative frequency of CD3 lymphocytes, including
CD8" evtotoxic T cells, is low relative to tumor cells (generally > 10 tumor cells per CD&T T
cell), even in highly immunogenic and inflamed tumors such as melanoma. Accordingly,
efficacy of CD3 bsAbs is dependent on the capacity of a single CD8" T cell to kill more than one

tamor cell, a process termed serial killing.

{00071 Crosshinking of the TCR/CD3 complex via this bsAb bridge preferentially activates
cytotoxic T cell subsets to mediate killing of TAA-expressing cells {the majority of which are
presumed 1o be tumor cells) and release of pro~-inflammatory cytokines capable of shifting the
tumor microenvironment {TME) from immunosuppressive {o immuno-permissive. In the
context of Tregs, CD3 bsAbs can activate Tregs to secrete immunosuppressive cvtokines such as
TGFB. This mechanism is an important factor influencing the efficacy of blinatumonab, a

CD 9~targeting D3 bsAb for the treatment of hematological malignancices.

{0008]  However, CD3 bsAbs are linked to potentially lethal AEs including cyiokine release
syndrome (CRS) and neurotoxictty. Certain bsAbs therapeutic candidates have thus aimed to
decouple tumor eytotoxic activity from pro-inflammatory eytokine {e.g., IFNy, TNFg, 1L-2)
release (see, for example Zuch de Zafra et al. (2019) Clin Cancer Res [25(13):3921-3933 ;
Trnklein et al. (2019} MAbs.;11{4}.639-652 ; and Hemandez-Hovos et al. {2016} Mol Cancer
Ther  15(9):2155-65).

{0009]  There 1s a pressing need for novel therapeutics having potent tumor celi-targeted
killing activity, nuninal off-target toxicity, an expanded therapeutic window for solid tumor

and/or hematopoietic tumors, and a manageable AE profile.
SUMMARY OF THE DISCLOSURE

{0010]  The present disclosure generally provides bispecific proteins capable of inducing

robust T cell cvtotoxicity against tumor cells, and uses of the same for the treatment of cancers.

{8011} In one aspect, the present disclosure generally provides bispecific proteins capable of
mducing and/or that induce robust T cell cytotoxicity against certain TAA expressing cells, and

uses of the same for the treatment of cancers. In some embodiments, the presesent disclosure
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provides bispecific proteins capable of mducing and/or that induce robust T cell cvtotoxicity

against ROR 1" tumor cells, and uses of the same for the treatment of cancers.

{0012] In some embodiments, bispecific proteins of the present disclosure do not induce a
significant amowd of ¢vtoking release. In some embodiments, bispecific proteins of the present
disclosure induee robust T cell eytotoxacity against certain TAA expressing cells but do not

induce a significant amount of cytokine release.

{0013]  In some emboduments, a bispecific protein of the present disclosure, which induces
robust T cell cyiotoxicity against certain TAA expressing cells but does not induce a sigmificant
amount of cviokine release, includes two amns, the first arm comprises a first component, which
specifically binds to a TAA, at its N-terminal end, and a second component, which specifically
binds to the same TAA, at its C-terminal end, and a second arm comaprises a component, which

specifically binds to CD3, at its N-terminal end.

{0014]  In some embodiments, a bispecific protein of the present disclosure, which induces
robust T cell eytotoxicity against certain TAA expressing cells but does not induee a significant
amount of cviokine release, comprises: (i) a first arm comprisimg, from N-termuinus to £-
terminus, a first component comprising a polypeptide or complex of two or more polypeptides
that specifically binds a TAA, a first hinge polypeptide, a first polypeptide of a SEED format
mmoenoglobulin Fe domain, and a second component comprising a polvpeptide or complex of
two or more polypeptides that specifically binds a TAA; and (1) a second arm comprising, from
N-terminus to C-terminus, a polvpeptide or complex of two or more polypeptides that
specifically binds CD3, a second hinge polypeptide, and a second polypeptide of the SEED
format immunoglobulin Fo domain, wherein the first and second polypeptides of the SEED

format vnowunoglobulin Fo domain dunerize.
2

{0015]  In some embodiments, a protein of the present disclosure comprises: a polypeptide or
complex of two or more polypeptides that specifically binds RORI connected to anend of a
bridging moicty; and a polypeptide or complex of two or more polypeptides that specifically

binds CD3 connected o an opposite end of the bridging moiety.

{0016]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI is connected to the C-terminal end of the bridging moicty and the
polvpeptide or complex of two or more polypeptides that specifically binds CD3 1s comnected to

the N-terminal end of the bridging moiety.
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{0017]  In some cmbodiments, the protein further comprises a second polypeptide or second
complex of two or more polypeptides that specifically binds ROR1 connected to the N-terminal

end of the bridging moety.

{0018]  In some erobodiments, the bridging motety comprises two polvpeptide arms, wherein
the polvpeptide or complex of two or more polypeptides that specifically binds ROR1 and the
second polvpeptide or second complex of two or more polypeptides that specifically binds
ROR!I are connected to the C-terminal end and the N-terminal end of the same polypeptide army,
reapectively, and wherein the polypeptide or complex of two or more polypeptides that

specifically binds CD3 18 connected to the N-terminal end of the second polypeptide amm.

[0019]  In some embodiments, a bispecific protein of the present disclosure, which induces
robust T cell cytotoxicity against cortain TAA expressing tumor ¢elis but does not induce a
sigrificant amount of cvtokine release, comprises: (i) a first arm comprising, from N-terminus to
C-terminus, a first component comprising a polypeptide or complex of two or more polypeptides
that specifically binds RORI, a first hinge polypeptide, a first polypeptide of a SEED format
mmunoglobulin Fe domain, and a second component comprising a polypeptide or complex of
two ot more polvpeptides that specifically binds RORI; and (i1) a second arm comprising, from
N-terminus to C-terminus, a polypeptide or complex of two or more polypeptides that
specifically binds €3, a second hinge polypeptide, and a second polypeptide of the SEED
format inuvunoglobulin Fe domain, wherein the first and second polypeptides of the SEED

format immunoglobulin Fe domain dimenize.

{0020]  In some crobodiments, the polypeptide or complex of two or more polypeptides that
specifically binds ROR1 is connected to the N-termunal end of the bridging moiety and the
polypeptide or complex of two or more polypeptides that specifically binds CD3 is connected to

the C-terminal end of the bridging moicty.

{9021}  In some embodiments, the protein further comprises a second polypeptide or second
conplex of two or more polypeptides that specifically binds RORI connected to the N-terminal

end of the bridging moiety.

{00221  In some emboduncnts, the bridging moiety comprises two polypeptide arms, wherein
the polypeptide or complex of two or more polypeptides that specifically binds ROR1 and the
polvpeptide or complex of two or more polypeptides that specifically binds CD3 are connected

to the N-termmnal end and the C-ienminal end of the sample polypeptide arm, respectively, and
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wherein the sccond polypeptide or second complex of two or more polypeptides that specifically

binds ROR1 is connected to the N-termunal end of the second polypeptide am.

{0023]  In some embodiments, the polypeptide or complex of two or more polvpeptides that

specifically binds ROR1 15 selected from the group consisting of) a single~chain vanable

W

fragment {(scFv}, a Fab, a Fab’, a F{ab’)2, a minibody, and a nanchody (VHH). In some
embodiments, the polypeptide or complex of two or more polypeptides that specifically binds
RORI s an scFv.

{0024]  In some emabodiments, the sccond polypeptide or second conmplex of two or more
polypeptides that specifically binds RORU is selected from the group consisting oft anscFyv, a
10 Fab,aFab’ a F(ab™}2, a minibody, and a VHH. In some embodiments, the second polypeptide

or second complex of two or more polypeptides that specifically binds RORI is an scfFv.

{0025]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI, or the second polypeptide or second complex of two or more

polypeptides that specifically binds ROR1 comprises: (i) a heavy chain complementarity-

e
L

determining region | {VHCDR1) comprising an amino acid sequence of GFTFTSYA (SEQ ID
NQG: 8} or an aming acid sequence of GFSITTSGVS (SEQ ID NG: 23); (i1) a heavy chain
complementarity-determining region 2 (VHCDRZ) comprising an amino acid sequence of
ISGSGGGT (SEQ ID NG: 9) or an anmino acid sequence of IYWDDDK (SEQ D NG: 24); (i a
heavy chain complementarnty-determining region 3 (VHUDR3) comprising an amino acid
20 sequence of AQGSSIFDY (SEQ 1D NO: 10) or an amino acid sequence of
AHAPRYTPGGYFDY (SEQ 1D NG 25); (1v) a light chain complementarity-detenmining
region 1 {VLCDRI) comprising an amino acid sequence of QSVSSY (SEQ IDNG: 11 oran
amino acid sequence of QSVSSN (SEQ 1D NO: 26); (v} a light chain complementarity-
determining region 2 {VLCDR2) comprising an amino acid sequence of DAS or GAS; and {(vi} a
25 light chain complementarity-determining region 3 (VYLCDR3) comprising an amino acid
sequence of QQRENWPPXT (SEQ ID NG: 13), wherein X s F, § O, R QL L. YorV, oran
aming acid sequence of QQYKNWPPA (SEQ 1D NG: 28},

{0826]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI or the second polypeptide or second complex of two or more

30 polvpeptides that specifically binds ROR! comprises: a VHCDRI comprising an anino acid
sequence of GFTFTSYA (SEQ ID NO: 83, a VHCDR?Z comprising an amino acid sequence of
ISGSGGOT (SEQ ID NO: 9), a VHCDR3 comprising an amino acid sequence of AQGSSIFDY

U
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(SEG ID NGO 10), a VLCDRI comprising an amino acid sequence of QSVSSY (SEQ 1D NO:
11y, a VLCDRZ comprising an amino acid sequence of DAS, and a VLUDR3 comprising an

amino acid sequence of QURSNWPPFT (SEQ IDNG: 14),

{90271 In some crabodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORT or the second polypeptide or second complex of two or more
polypeptides that specifically binds RORI comprises: a VHCDRI comprising an amino acid
sequence of GFTFTSY A (SEQ 1D NO: 8), a VHUDR2 comprising an amino acid sequence of
ISGSGGET (SEQ ID NO: 9), a VHCDRZ comprising an amino acid sequence of AQGSSIFDY
(SEQ ID NQ: 10}, a VLCDRI comprising an aming acid sequence of QSVESY (SEQ ID NG
11}, a VLOCDR2 comprising an amino acid sequence of DAS, and a VLCDR3 comprising an

aming acid sequence of QQRSNWPPST (SEQ 1D NO: 15).

{0028]  In some emboduments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI or the second polypeptide or second complex of two or more
polvpeptides that specifically binds ROR1T comprises: a VHCDRI comprising an amino acid
sequence of GFSITTSGVYS (SEQ 1D NOG: 23}, a VHCDRZ comprising an amino acid sequence
of IYWDIDDK (SEQ ID NO: 24), a VHUDR3 comprising an amino acid sequence of
AHAPRYTPGGYFDY (SEQ ID NG: 25}, a VLCDRI comprnising an amino acid sequence of
QSVSSN (SEQ ID NG: 26), a VLCDRZ comprising an amino acid sequence of GAS, and a
VECDR3 comprising an anuno acid sequence of QQYKNWPPA (SEQ 1D NOG: 28).

{9029]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds ROR1 or the second polypeptide or second complex of two or more
polypeptides that specifically binds ROR!I compnises, according to the IMGT unigue numbering
scheme, 2 VHCDRI, a VHCDR2, a VHUDR3, a VLCDRI, a VLCDR2, and a VLUDRS ecach
comprising an amino acid sequence corresponding to the VHUDRT, VHCDR2, VHCDRS,
VLCDRL, VLODR2Z, and VLCDR3 sequences of a heavy chain vanable domain and a light

chain variable doman as listed in the present disclosure.

{0038] In some embodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds ROR1 or the second polypeptide or second complex of two or more
polypeptides that specifically binds RORT comprises a sequence having at least 90% sequence
identity {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%) 10 SEQ ID NG: 209 or SEQIDNG: 3%and a

sequence having at least 90% sequence identity (e. g, at least 91%, at least 92%, at least 93%, at
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icast 94%, at least 93%, at least 96%. at least 97%, at least 98%, at least 99%, or 100%) to SEQ
IDNG: 30, SEQ ID NG: 31, SEG ID NO: 32, SEQ 1D NQ: 33, SEQID NO: 34, SEQ ID NO:
35, SEQ ID NG: 36, SEQ ID NG: 37, SEQ ID NO: 38, or SEQ ID NO: 40,

{B031]  In some crobodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORT or the second polypeptide or second complex of two or more
polypeptides that specifically binds RORI comprises a sequenee having at least 90% sequence
dentity {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%) to SEQ ID NG: 29 and a sequence having at
least 90% sequence identity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least
93%, at lcast 96%, at least 97%, at least 98%, at least 99%, or 100%) to SEG 1D NO: 30,

>

{#032]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI or the second polypeptide or second complex of two or more
polvpeptides that specifically binds RORT comprises a sequence having at least 90% sequence
identity {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%) to SEQ ID NG 29 and a sequence having at
least 90% sequence idendity {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%;} to SEQ ID NG: 3L

{8033] In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI or the second polypeptide or second complex of two or more
polvpeptides that specifically binds ROR1 comprises a sequence having at least 90% sequence
identity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

least 979, at teast 98%, at least 99%, or 1009} to SEQ TD NO: 39 and a sequence having at

]

G

feast 90% sequence identity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at lcast 97%, at least 98%. at least 99%, or 100%) to SEQ 1D NO: 40,

{0034]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds ROR1 or the second polypeptide or second complex of two or more
polypeptides that specifically binds RORT comprises, a heavy cham variable domain and a hght
chain variable domain cach comprising an amino acid sequence corresponding to the heavy
chain variable domain and light chain variable domain sequences of a heavy chain vadable

domain and Light chain variable domain disclosed in the present application.

{B035]  In some crobodiments, the polypeptide or complex of two or more polypeptides that

specifically binds ROR1 or the second polvpeptide or second complex of two or more

5
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polypeptides that specifically binds RORI comprises a limker polypeptide comprising a

(GGGGS) (SEQ ID NO: 1) sequence, wherein nis | to 12,

{0036]  In some emabodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds ROR1 or the second polypeptide or second complex of two or more
polypeptides that specifically binds ROR1T comprises a sequence having at least 90% sequence
identity {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%;) to SEQ ID NO: 41, SEQ ID NO: 42, SEQID
NO: 43, SEQGID NQ: 44, SEQ 1D NO: 45, SEQ IDNO: 46, SEQ ID NG 47, SEG IDNO: 49, or
SEQ ID NO: 59,

{0037 In some embodiments, polvpeptide or complex of two or more polypeptides that
specifically binds RORT or the sccond polypeptide or second complex of two or more
polypeptides that specifically binds ROR 1 comprises a sequence having at feast 90% sequence
identity {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%) to SEQ ID NG: 41,

{O038]  In some embodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds ROR1 or the second polypeptide or second complex of two or mose
polypeptides that specifically binds RORI comprises a sequence having at least 90% sequence
identity {e.2., 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%) to SEQ ID NG: 42,

{0039]  In some embodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds RORI or the second polypeptide or second complex of two or more
polypeptides that specifically binds RORI comprises a sequenee having at least 90% sequence

identity {e.2., at least 91%, at least 92%, at least 93%, at least 94%, at least 959, at least 969, at

>

least 97%, at least 98%, at least 99%, or 100%) to SEQ ID NG: 56,

{0048]  In some embodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds RORI or the second polypeptide or second complex of two or more
polypeptides that specifically binds ROR1 comprises, an scFy comprising an amino acid

sequence corresponding to an scFv listed in the present disclosure.

{0041]  In some crobodiments, the polypeptide or complex of two or more polvpeptides that

specifically binds CD3 15 selected from the group consisting of: a Fab, a Fab’, a F(ab™}2, an
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sckv, a minibody, and a VHH. In some embodiments, the polypeptide or complex of two or

nore polypeptides that specifically binds CD3 is a Fab.

{0042]  In some crobodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds CD3 comprises: (i} a beavy cham complementarity~deternuning rogion |
(VHCDRI1) comprising an amino acid sequence of GFTENTY A (SEQ ID NG: 613; (11} a heavy
chain complementarity-determining region 2 (VHCDRZ) comprising an amino acid sequence of
IRSKYNNYAT (SEQ ID NO: 62): (111) a heavy chain complerentarity-deternining region 3
{(VHCDR3} comprising an amino acid sequence of VRHGNFGX XY VSWFEFAY (SEQ ID NG:
673, wherein Xy s N, A, or B, and X2 1s S or A; {iv) a light chain complementarity-determining
region 1 {VLCDRI) comprising an amine acid sequence of TGAVTTSN (SEQ ID NO: 64). (v)
a light chain complementarity-determining region 2 (VLCDRY) conprising an anuno acid
sequence of GT, and (vi} a light chain complementarity-determining region 3 {VLCDR3)

comprising an amino acid sequence of ALWYSNLWY (SEQ ID NG 66).

{8043]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds CD3 comprises: a VHCDRI comprising an amino acid sequence of
GEFTFNTY A (SEQ ID NO: 61); a VHCDR2 comprising an amino acid sequence of
RSKYNNYAT (SEQ D NO: 62}, a VHUCDR3 comprising an aming acid sequence of
VRHGNFGNSYVSWEFAY (SEQ ID NO: 633, a VLCDRI comprising an amino acid sequence
of TGAVTTSN (SEG ID NO: 64); a VLCDR?Z comprising an amino acid sequence of GT; and a
VELCDR3 comprising an amino acid sequence of ALWYSNLWY (SEQ ID NG: 66).

{D044]  In some crobodiments, the polypeptide or complex of two or more polypeptides that
specifically binds CD3 comprises: a VHCDRI comprising an amino acid sequence of
GFTENTY A (SEQ ID NG: 61);, a VHCDR2 comprising an amino acid sequence of
IRSKYNNYAT (SEQ ID NO: 62); a VHCDRS comprising an amino acid sequence of
VEHGNFGASYVSWFEFAY (8EQ 1D NG: 68); a VECDRI comprising an amino acid sequence
of TGAVTTSN (SEQ ID NG: 64); a VLCDR?Z comprising an amino acid sequence of GT; and a
VLCDR3S comprising an amino acid sequence of ALWYSNLWY (SEQ ID NG: 66).

{0045]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds 33 comprises, according to the IMGT unique numbering scheme, a
VHCDRI, a VHCDRZ, a VHCDRS, a VLCDRI, a VLCDRZ, and a VLCDR3 each comprising
an amino acid sequence corresponding to the VHCDR 1, VHCDR2, VHUDRS, VLUDRI,
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VLCDR2, and VLCDR3 sequences of a heavy chain vanable domain and a light chain variable

domain listed in the present disclosure, respectively.

{0046]  In some crubodiments, the polypeptide or complex of two or more polvpeptides that
specifically binds CD3 comprses a sequence having at least 90% sequence identity {e.g., at least
1%, at feast 92%, at leasi 93%, at least 94%, at least 95%, at least 969, at least 979, at least
98%, at feast 99%, or 100%) to SEQ ID NG: 71, SEQ 1D NO: 72, SEQ ID NO: 73, SEQ 1D NO:
74, SEQ ID NO: 75, or SEQ 1D NO: 80 and a sequence having at least 90% sequence identity
{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%) to SEQ ID NO: 76, SEQ 1D NO: 77, SEQ ID NO: 78,
SEQ D NG: 79, or SEQ ID NG: 81,

{08477  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds CII3 comprises a sequence having at least 90% sequence identity {e.g., at least
91%, at least 92%, at least 93%, at least 949, at least 93%, at lcast 96%, at least 97%, at least
98%, at least 99%, or 100%) to SEQ ID NO: 72 and a sequence having at least 90% sequence
wdentity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

least 979, at least 98%, at lcast 99%, or 10095} to SEQ 1D NO: 81,

{0048]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds CI¥3 comprises a sequence having at least 90% sequence 1dentity {e.g., at least
91%, at least 92%, at least 939%, at feast 949, at least 93%, at least 96%, at least 97%, at least
98%. at least 99%, or 100%) to SEQ 13 NO: 71 and a sequence having at least 90% sequence
identity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at icast 96%,

Teast 979%, at least 8%, at least 99%, or 1009 to SEQ ID NG: 76.

{8049]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds CD3 comprises, according to the IMGT unique numbering scheme, a heavy
chain variable domain and a light chain variable domain each comprising an aming acid
sequence corresponding to the beavy chain variable domain and light chain variable domaio
sequences of a heavy chain vanable domain and light chain vanable domain listed in the present

disclosure, respectively.

{0656]  In some embodiments, the polvpeptide or complex of two or more polypeptides that
specifically binds CD3 comprises a sequence having at least 90% sequence identity (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%) to SEQ 1D NO: 82 or SEQ ID NG: 83, and a sequence having at

10
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icast 90% sequence identity {e.g., at loast 91%, at least 92%, at least 93%, at least 94%, at lcast
95%, at lcast 96%, at least 97%, at least 989, at least 99%, or 100%) to SEQ {13 NO: 84 or SEQ

D NG: 85,

{B051]  In some crobodiments, the polypeptide or complex of two or more polypeptides that
specifically binds UD3 comprises, according to the IMGT unique numbering 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 listed in the present disclosure,

respectively.
j0832]  In some embodiments, the bridging motety is finctional or non~functional.

{06531  In some embodunents, the bridging motety comprises a strand-exchange engineered
domain (SEED) format Fe domain or functional fragment thereof, an immunoglobulin Fe

domain or functional fragment thereof, a polypeptide Hinker, or a polypeptide hinge.

{0054]  In some embodiments, the SEED format Fe domain comprises one or more than one

effector function silencing mutation.

{0055]  In some embodiments, the SEED format Fo domain comprises a polypeptide
comprising a sequence having af least 90% sequence identity (e.g., at least 91%, at least 92%, at
feast 939, at least 949, at least 93%, at lcast 96%, at least 97%. at least 98%, at least 99%, or
100%) to SEQ TD NO: 86, SEQ ID NG: 117, or SEQ TD NO: 88, and a polypeptide comprising a

o/

equence having at least 90% sequence identity {e.g.. at least 91%, at least 92%, at least 93%, at

7

least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%) 1o SEQ

IDNG: 87, SEQ IDNO: 118, or SEQ ID NO: 89

{0036]  In some crubodiments, the bridging motety comprises an invnunoglobulin Fe domain.
In some embodiments, the immunoglobulin Fe domain comprises two polypeptide amms each

comprising one or more than one mutation promoting heterodimerization.

{06577  In some embodiments, the immunoglobulin Fo domain comprises a first polypeptide
am and a second polypeptide arm, each comprising an amino acid sequence corresponding to
the first polvpeptide arm and second polypeptide arm sequences of a first polypeptide arm and

second polypeptide arm listed n the present disclosure, respectively.

{00658]  In some emboduncnts, the bridging moiety further comprises a binge at its N-tcrminal

end.
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{0659]  In some embodiments, the hinge comprises a polypeptide arm comprising an amino

acid sequence comprising of SEQ 1D NG: 92,

{0860]  In somo erabodiments, the hinge further comprises a second polypeptide arm

comprising an anmine acid sequence comprising of SEQ 1D NO: 90 or SEQ ID NG 92,

{06611 In some cmbodunents, the hinge comprises a polypeptide arm comprising an anmmno
acid sequence listed in the present disclosure. In some embodiments, the hinge further
comprises a second polypeptide arm comprising an amino acid sequence listed in the present

disclosure.

{0062]  In some embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds ROR 1 is connected to the Cerminal end of the bridging moiety by a Hinker
polvpeptide. In some embodiments, the polvpeptide or complex of two or more polypeptides
that specifically binds CD3 s connected to the {-terminal end of the bridging moiety by a hinker
polvpeptide. In some embodiments, the linker polypeptide comprises a {GGGGS) (SEQ ID

NO: 1) sequence, wherein nis | to 12

{00631  In some embodiments, a protein of the present disclosure comprises (i} a polypeptide
or complex of two or more polypeptides that specifically binds ROR1 comprising a heavy chain
complementarity-determining region 1 (VHUDR 1} comprising an amino acid sequence of
GFTFTSYA (SEQ ID NG: 8) or an amino acid sequence of GFSITTSGVS (SEQ ID NO: 23}, 2
o an anuno acid

sequence of ISGSGGET (SEQ ID NG: 9) or an amino acid sequence of IYWDDDK (SEQ ID

heavy chan complementarty-determining region 2 (VHCDR2) comprisin

NQO: 243, a heavy chain complementarity-determining region 3 (VHCDR3) comprising an amino
acid sequence of AQGSSIFDY (SEQ D NO: 10) or an amino acid sequence of
AHAPRYTPOGGYFDY (SEQ I NO: 25), a hght chain complementarity-determining region 1
(VLCDR1) comprising an amino acid sequence of QSVSSY (SEQ ID NO: 11} or an amino acid
sequence of QSVESN (SEQ 1D NO: 263, a light chain complementarity-determining region 2
{(VLCDRZ) comprising an amino acid sequence of DAS or GAS, and a light chain
complementariy-determining region 3 (VLCDR3) comprising an amino acid sequence of
QORSNWPPXT (SEQID NO: 13}, whereim Xi1s F, 5, C R, 3, L L, Y or V, or an amino acid
sequence of QUYKNWPPA (SEQ 1D NG: 28); (11) a polypeptide or complex of two or more
polypeptides that specifically binds CD3 comprising a VHCDR1 comprising an amino acid
sequence of GFTFNTYA (SEQ ID NG: 61), 3 VHCDR2 comprising an amino acid sequence of
IRSKYNNYAT (SEQ ID NG: 62), a VHCDR3 comprising an anino acid sequence of

12
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VEHGNFGXXOYVSWEFAY (SEQ ID NOG: 67), wherein Xy is N, A orE and XoisSor A a
VECDRI conmprising an anuno actd sequence of TGAVTTSN (SEQ 1D NO: 64}, a VLCDR2
comprising an amino acid sequence of GT, and a VLUDR3 comprising an amino acid sequence

of ALWYSNLWYV (SEQ ID NG: 663; and (101} a bridging moiety connecting the polypeptide or

L4

complex of two or more polypeptides that specifically binds ROR! to the polypeptide or
complex of two or more polypeptides that specifically binds €3, wherein the bridging moiety
comprises: {a) a polypeptide arm comprising amino acid sequences of SEQ ID NQ: 90 and SEQ
1D NG 86 or SEQ ID NO: 92 and SEQ 1D NG: 86, and (b) a sccond polypeptide arm
comprising amino acid sequences of SEQ 1D NO: 90 and SEQ 1D NO: 87, or SEQ ID NO: 92
10 and SEQID NG 87.

{0064]  In some crabodiments, a protein of the present disclosure comprises a second
polypeptide or second complex of two or more polypeptides that specifically binds ROR 1
connected o the N-teominal end of the bridging moicty. In some embodiments, the second
polvpeptide or second complex of two or more polypeptides that specifically binds ROR1

15 comprises a VHCDRI comprising an amino acid sequence of GFTFTSYA (SEQ D NO: 8) or
an amino acid sequence of GFSITTSGVS (SEQ ID NO: 23), a VHUDR?2 comprising an aming
acid sequence of ISGSGGET (SEQ 1D NG: 9 or an amino acid sequence of IYWDDDK (SEQ
D NO: 243, a VHCDR3 comprising an amino acid sequence of AQGSSIFDY (SEQ ID NG: 10)
or an amino acid sequence of AHAPRYTPGGYFDY (SEQ ID NO: 25}, a VLCDR]I comprising

20 an anuno acid sequence of QSVESY (SEQ 1D NO: 1) or an amino acid sequence of QSVSSN
(SEQ 1D NO: 26), a VLCDRZ comprising an amino acid sequence of DAS or GAS, and a
VLCDRS comprising an amino acd sequence of QQRSNWPPXT (SEQ ID NO: 13}, wheremn X
BESCR QG LL Y orV, oran amino acid sequence of GQYKNWPPA (SEQ ID N(: 28).

{0065]  In some embodiments, a protein of the present disclosure comprises: (i} a polvpeptide

2
7

or complex of two or more polypeptides that specifically binds ROR1 comprising a VHCDRI
comprising an amino acid sequence of GFIFISYA (SEQ 1D NO: 8), a VHCDRZ comprising an
amino acid sequence of ISGSGGGT (SEQ 1D NO: 9), a VHCUDRE comprising an aguno acid
sequence of AQGSSIFDY (SEQ ID NO: 10), a VLCDRI comprising an amine acid sequence of
QSVSSY (SEQID NG: 11), a VLCDR2 comprising an amino acid sequence of DAS, and a

30 VLCDR3 comprising an araino acid sequence of QURSNWPPST (SEQID NG 15}, () a
polypeptide or complex of two or more polypeptides that specifically binds CD3 comprising a
VHCDRI compnsing an amino acid sequence of GFTENTYA (SEQ ID NO: 61), a VHCDR2
comprising an amino acid sequence of IRSKYNNYAT (SEQ ID NO: 62}, a VHCDRR
comprising an amino acid sequence of VRHGNFGNSYVSWFEFAY (SEQ ID NO: 63), a

13
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VLCDRI comprising an anino acid sequence of TGAVTTSN (SEQ 1D NO: 64}, a VLCDR2
comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino acid sequence
of ALWYSNLWYV (SEQ ID NG: 66); (111} a bndging moiety connecting the N-terminal end of
the polypeptide or complex of two or more polypeptides that specifically binds ROR1 to the C-
terminal end of the polypeptide or complex of two or more polypeptides that specifically binds
CD3, wherein the bridging moiety comprises: (a} a polypeptide arm comprising aming acid
sequences of SEQ 1D NO: 90 and SEQ 1D NO: 86, and (b) 2 second polypeptide arm comprising
amino acid sequences of SEQ 1D NO: 92 and SEQ 1D NO: 87; and (iv) a second polypeptide or
second complex of two or more polypeptides that specifically binds ROR] comnected to the N-
termmal end of the bridging moiety comprising a VHCDRI comprising an amino acid sequence
of GFTFTSYA (SEQ ID NO: 8), a VHUDR?2 comprising an amino acid sequence of
ISGSGGGT (SEQ ID NO: 9), a VHCDR3 comprising an amino acid sequence of AQGSSIFDY
{SEQ 3 NO: 10}, a VLCDRI comprising an amino acid sequence of QSVSSY (SEQ D NO:
t1), a VLCDR2 comprising an anino acid sequence of DAS, and a VLCDR3 comprising an
amino acid sequence of GQRSNWPPST (SEQ 1D NO: 15).

{0066]  In some embodiments, a protein of the present disclosure comprises: (i} a polypeptide
or complex of two or more polypeptides that specifically binds ROR1 comprising a VHCDRI
comprising an amino acid sequence of GFTFTSY A (SEQ 1D NO: 83, a VHCDR? comprising an
anuno acid sequence of ISGSGGGT (SEQ 1D NO: 9), a VHCDR3S comprising an amino acid
sequence of AQGSSIFDY (SEQ ID NO: 10), a VLCDRI comprising an amino acid sequence of
QSVSSY (SEQ ID NG 11), a VLCDRZ2 comprising an aming acid sequence of DAS and a
VLCDRS comprising an amino acd sequence of QQRSNWPPFT (SEQ IDNG: 14); (i} a
polvpeptide or complex of two or more polypeptides that specifically binds CD3 comprising a
VHCDRI comprising an amino acid sequence of GFTFNTY A {(SEQ ID NO: 61), a VHCDR2
comprising an amino acid sequence of IRSKYNNYAT (SEQ ID NG: 62), a VHCDR3
comprising an amino acid sequence of VRHONFONSYVSWFAY (SEQ IDNO: 63),a
VLCDRI comprising an aming acid sequence of TGAVTTSN (SEQ 1D NO: 64}, a VLCDR2
comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino acid sequence
of ALWYSNEWYV (SEQ 1D NO: 66); (1u) a bridging moiety connecting the N-terminal end of
the polypeptide or complex of two or more polypeptides that specifically binds ROR1 to the €~
torminal end of the polvpeptide or complex of two or more polvpeptides that specifically binds
CD3, wherein the bridging moiety comprises: (a) a polypeptide arm comprising amme acid
sequences of SEQ 1D NO: 90 and SEQ 1D NO: 86, and (b) a second polypeptide arm comprising
amino acid sequences of SEQ 1D NG: 92 and SEQ ID NG: 87; and (iv) a second polypeptide or

14
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second complex of two or more polypeptides that specifically binds RORI connected to the N-
terminal end of the bridging moicty comprising a VHCDR] coraprising an amno acid sequence
of GFTFTSYA (SEQ ID NO: 8), a VHCDR2 comprising an amino acid sequence of
ISGSGGOT (SEQ ID NO: 93, a VHCDR3 comprising an amino acid sequence of AQGSSIFDY
{(SEQ 1D NO: 10}, a VLCDRI comprising an aming acid sequence of QSVSSY (SEQ 1D NO:
11}, a VLCDR2 comprising an anuno acid sequence of DAS, and a VLCDR3 comprising an

amino acid sequence of QQRENWPPFT {(SEQ ID NO: 14}

{86577  In some embodiments, a protein of the present disclosure comprises: {1} a polvpeptide
or complex of two or more polvpeptides that specifically binds ROR1 comprising a VHCDRI
comprising an amino acid sequence of GFSITTSGVS (SEQ ID NO: 23}, a VHCDRZ comprising
an amino acid sequence of IYWDDDK (SEQ 1D NO: 24), a VHCDR3 comprising an anuno acid
sequence of AHAPRYTPGGYFDY (SEQ ID NG: 25), a VLCDRI comprising an amuno acid
sequence of QSVSSN (SEQ 1D NG: 26), a VLCDR?2 comprising an amino acid sequence of
GAS, and a VLCDR3 comprising an anuno acid sequence of QQYKNWPPA (SEGQ 1D NG: 28);
{11} a polypeptide or complex of two or more polvpeptides that specifically binds CD3
comprising 3 VHCDRI comprising an amino acid sequence of GFTFNTYA (SEQ ID NO: 61).a
VHCDR2 comprising an amino acid sequence of IRSKYNNYAT (SEQ 1D NO: 623, a VHCDR3
comprising an amino acid sequence of VRHGNFGNSYVSWFAY (SEQ IDNG: 63}, a
VLCDRI comprising an amino acid sequence of TGAVTISN (SEQ 1D NO: 643, a VLCDR2
comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino acid sequence
of ALWYSNLWYVY (SEQ ID NG: 66); (1) a bridging moicty connecting the C-terminal end of
the polypeptide or complex of two or more polypeptides that specifically binds ROR1 to the N-
terminal end of the polypeptide or complex of two or more polypeptides that specifically binds
D3, wherein the bridging moiety comprises: (2} a polypeptide arm comprising aming acid
sequences of SEQ {1 NO: 90 and SEQ ID NO: 86 and (b} a second polypeptide arm comprising
anuno acid sequences of SEQ 1D NO: 92 and SEQ ID NG: 87; and (v} a second polypeptide or
second complex of two or more polypeptides that specifically binds RORI comprising a
VHCDR] comprising an amino acid sequence of GESITISGVS (SEQ ID NGO 23), a VHCDR2
comprising an amino acid sequence of YWDDDK (SEQ 1D NG: 24}, a VHCDR3 comprising
an amino acid sequence of AHAPRYTPGGYFDY (SEQ 1D NO: 25}, a VLCDRI comprising an
aming acid sequence of QSVESN (BEQ ID NO: 26), a VLCDRZ comprising an amino acid
sequence of GAS, and a VLCDR3 comprising an anuno acid sequence of QQYKNWPPA (SEQ
1D NO: 28).
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{0068]  In some cmbodiments, a protein of the present disclosure comprises:(i} a polypeptide
or complex of two or more polypeptides that specifically binds ROR1 comprising a VHUDRI
comprising an amino acid sequence of GFSITTSGVS (SEQ ID NG: 23), a VHCDR2 comprising
an amino acid sequence of IYWDDDK (SE(Q D NO: 24), a VHCDR3 comprising an amino acid
sequence of AHAPRYTPGGYFDY (SEQ 1D NO: 25), a VLCDRI comprising an aming acid
sequence of QSVESN (SEQ 1D NG: 26, a VLCDR2 comprising an amino acid sequence of
GAS, and a VLUDR3 comprising an aming acid sequence of QQYKNWPPA (SEG 1D NG: 28},
{11} a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VHCDRI comprsing an amino acid sequence of GFTFNTYA (SEQ ID NG: 61),a
VHCDR2 comprising an amino acid sequence of IRSKYNNYAT (SEQ IR NO: 62), a VHCDRS
comprising an aming acid sequence of VRHGNFGNSYVSWFAY (SEQ ID NG: 63), 8
VLCDRI comprising an amino acid sequence of TGAVTTSN (SEQ 1D NO: 64, a VLCDRZ

comprising an amino acid sequence of GT, and a VLCDR3 comprising an anuno acid sequence

the polypeptide or complex of two or more polypeptides that specitically binds ROR1 to the N-
terminal end of the polypeptide or complex of two or more polypeptides that spectfically binds
D3, wherein the bridging moiety comprises: (a} a polvpeptide anm comprising amino acid
sequences of SEQ ID NG: 92 and SEQ ID NO: 86, and {b) a second polypeptide arm comprising
aming acid sequences of SEQ ID NGO 62 and SEG 1D NO: 87; and (iv) a second polypeptide or
second complex of two or more polypepudes that specifically binds RORI1 connecied to the N-
terminal end of the bridging motety comprising a VHCDRI comprising an amino acid sequence
of GFSITTSGVS (SEQ 1D NO: 233, a VHCDRZ comprising an amino acid sequence of
IYWDDDK (SEQ ID NO: 24), a VHCDR3 comprising an amino acid sequence of
AHAPRYTPGOYEDY (SEQ D NO: 23), a VLCDRI comprising an amino acid sequence of
QSVEEN (SEQ 1D NG: 26), a VLCDR2 comprising an amino acid sequence of GAS, and a
VLCDRS comprising an amino acid sequenee of QUYKNWPPA (SEQ ID NG: 28).

{0869]  In some embodiments, a protein of the present disclosure comprises: {1} a polypeptide
or complex of two or more polypeptides that specifically binds ROR1 comprising a heavy chain
vartable domain (VH) comprising an amino acid sequence of SEQ 1D NG: 29 or SEQ D NO:
39, and a light chain vanable domam (VL} comprising an amino acid sequence of SEQ ID NO:
30, SEQ ID NO: 31, SEQ 1D NO: 32, SEQ ID NO: 33; SEQ 1D NGO: 34, SEQ 1D NO: 35, SEQ
D NO: 36, SEQ ID NG: 37, SEQ 1D NO: 38, or SEQ 1D NO: 40; (i1) a polypeptide or complex
of two or more polvpeptides that specifically binds CD3 comprising a VH comprising an amino
acid sequence of SEQ ID NG: 71, SEQ ID NG 72, SEQ ID NO: 73, SEQID NG: 74, SEQ 1D

16
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NQO: 75, or SEQ ID NO: 80, and a VL comprising an amino acid sequence of SEQ 1D NO: 76,
SEQ ID NO- 77, SEQ ID NO: 78, SEQ ID NO- 79, or SEQ 1D NO: 81; and (iii) a bridging
motcty connecting the polypeptide or complex of two or more polypeptides that specifically
binds ROR1 to the polypeptide or complex of two or more polypeptides that specifically binds
D3, wherein the bridging moicty comprises: (2} a polypeptide arm comprising aming acid
sequences of SEQ 1D NO: 90 and SEQ 1D NO: 86, or SEQ 1D NO: 92 and SEQ 1D NG: 86, and
(b} a sccond polyvpeptide arm comprising an amino acid sequence of SEQ ID NO: 90 and SEQ
1D NG 87, or SEQ 1D NO: 92 and SEQ ID NG: 87,

{8076]  In some embodiments, the second polypeptide or second complex of two or more
polvpeptides that specifically binds ROR1 comprising a heavy chain variable domain (VH)
comprising an amino acid sequence of SEG 1D NO: 29 or SEQ ID NO: 39 and a hight chain
variable domain {VL} comprising an amino acid sequence of SEQ 1D NO: 30, SEQ ID NG: 31,
SEQ ID NO: 32, SEQ 1D NG: 33; SEQ ID NO: 34, SEQ 1D NO: 35, SEQ 13 NO: 36, SEQ ID
NO: 37, SEQ 1D NG: 38, or SEQ ID NG: 40.

{00711  In some embodiments, a protein of the present invention comprises: (i} a polvpeptide
or complex of two or more polypeptides that specifically binds ROR1 comprising a VH
comprising an amino acid sequence of SEQ ID NG: 29, and a VL comprising an amino acid
sequence of SEQ 1D NO: 31; {11} a polvpeptide or complex of two or more polypeptides that
specifically binds CD3 comprising a VH comprising an anino acid sequence of SEQ 1D NG: 71,
and a VL comprising an amino acid sequence of SEQ ID NO: 76; (111} a bridging moiety
connecting the N-ternvinal end of the polypeptide or complex of two or more polypeptides that
specifically binds ROR1 to the C-terminal end of the polypeptide or complex of two or more
polvpeptides that specifically binds CD3, wheren the bnidging moiety comprises: (a) two
polypeptides at its N-terminal end comprising an amino acid sequence of SEQ ID NQO: 92, and
{b} a polypeptide comprising an amng acid sequence of SEG 1D NG: 86 and a polvpeptide
comprising an amino acid sequence of SEQ ID NO: 87 wherein the bridging moiety comprises:
{1} a polypeptide ann comprising amino acid sequences of SEQ I3 NO: 90 and SEQ ID NGO 86,
and {2) a second polypeptide arm comprising an amino acid sequence of SEQ ID NO: 92 and
SEQ ID NO: 87; and (1v} a second polypeptide or second complex of two or more polypeptides
that specifically binds ROR/1 connected to the N-4ecrmunal end of the bridging moicty comprising
a VH comprising an amino acid sequence of SEQ D NO: 29, and a VL comprising an anuno

acid sequence of SEQ ID NO: 31,
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{4672]  In some embodiments, a protein of the present disclosure comprises: {1} a polypeptide
or complex of two or more polypeptides that specifically binds ROR1 comprising a VH
comprising an amino acid sequence of SEQ 1D NO: 29, and a VL comprising an amino acid
sequence of SEQ ID NO: 30; (11) a polypeptide or complex of two or more polypeptides that
specifically binds CD3 comprising a VH comprising an amino acid sequence of SEQ 1D NG 71,
and a VL comprising an amino acid sequence of SEQ D NO: 76; (111} a bridging moiety
conneeting the N-terminal end of the polypeptide or complex of two or more polypeptides that
specifically binds ROR1 to the C-terminal end of the polypeptide or complex of two or more
polvpeptides that specifically binds €3, whercin the bridging moicty comprises: {a) a
polvpeptide arm comprising amino acid sequences of SEQ 1D NO: 90 and SEQ ID NO: 86, and
{b} a second polypeptide arm comprising an aming acid sequence of SEG 1D NO: 92 and SEQ
1D NO: 87: and (iv) a second a polypeptide or complex of two or more polypeptides that
specifically binds ROR1 connected to the N-terounal end of the bridging moicty comprising a
VH comprising an amino acid sequence of SEQ D NO: 29, and a VL comprising an amino acid

sequence of SEQ 1D NO: 30,

{80731  In some embodiments, a protein of the present disclosure comprises: (i} an scFv that
specifically binds RORI comprising an amino acid sequence of SEQ 1D NO: 42 (i1} a Fab that
specifically binds CD3 comprising a heavy chain comprsing an amino acid sequence of SEQ ID
NO: 83, and a hight chain comprising an amino acid sequence of SEQ TP NO: 85; (311} a bndging
motety connecting the N-terminal end of the scFv that specifically binds ROR1 to the C-terminal
end of the Fab that specifically binds CD3, wherein the bridging moiety comprises: (a)a
polvpeptide arm comprising amino acid sequences of SEQ 1D NO: 90 and SEQ 1D NO: 86, and
{b} a second polypeptide arm comprising anino acid sequences of SEQ ID NO: 92 and S3EQ ID
NGO 87; and a second scFv that specifically binds RORT connected to the N-terminal end of the

bridging molety comprising an anuno acid sequence of SEQ W NO: 42

{0074]  In some embodiments, a protein of the present disclosure comprises: {1} an scFv that
specifically binds ROR 1 comprising an anuno acid sequence of SEQ 1D NO: 41:(u) a Fab that
specifically binds CD3 comprising a heavy chain comprising an amino acid sequence of SEQ ID
N 83, and a light chain comprising an amino acid sequence of SEQ ID N 85; (ii1) a bridging
moicty connecting the N-terminal end of the scFv that specifically binds ROR1 to the C-ternunal
end of the Fab that specifically binds CD¥3, wherein the bridging moiety comprises: {(a) a
polypeptide arm comprising amino acid sequences of SEQ ID NO: 80 and SEQ ID NG: 86, and
(b} a second polypeptide amm comprising amino acid sequences of SEQ 1D NO: 92 and SEQ ID
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NQO: 87; and (iv} a sccond scFv that specifically binds RORI connected to the N-termunal end of

the bridging moiety comprising an amino acid scquence of SEQ I NG: 41

{B075]  In some crobodiments, a protein of the present disclosure comprises a first heavy
chain, a sccond heavy chain, and a light chain, cach comprising an amino acid sequence
corresponding to a sequence of a first heavy chain, a sequence of a second heavy chain, and a

sequence of a light chain listed in the present disclosure, respectively.

{0876]  In some cmbodiments, a protein of the present disclosure has a Ko for CD3 binding of

10 nMio 50 nM, or 15 oM to 20 oM as measured in a biolayer interferometry assay.

{00777 In some embodiments, a protein of the present disclosure has an ECso of 20 nM to 50

nM, or 25 nM to 35 oM, i a CD3 binding assay using activated T cells.

{0078]  In some embodiments, a protein of the present disclosure binds to the Ig-like domain
of ROR1. In some embodiments, a protein of the present disclosure docs not bind to the Frizzied

and/or Kringle domain of ROR1.

{80791  In some embodiments, a protein of the present disclosure has a Ko for binding a TAA
of 80 nM to 120 aM, 95 nM io 105 oM, 1 oM to 10 nM, or 3 nM to 5 nM, as measured in a
biolayer interferometry assay. In some embodiments, a protein of the present disclosure has a
Ko for ROR1 binding of 8¢ nM to 120 oM, 95 aM 10 105 nM, I nMto 10 oM, or 3 sM to S nM,

as measured in a biolayer interferometry assay.

{0083]  In some emboduments, a protein of the present disclosure bas an ECso of 80 nM to 120
oM, 80 nM to 110 oM, 1 nM o 10 nM, or 2 nM to 5 nM i a TAA binding assay using cells

expressing about 3.5 X 10* TAA molecules/cell. In some embodiments, a protein of the present
disclosure has an ECso of 80 nM to 120 nM, 80 nM to 110 0M, 1 sM 1o 10 nM, or 2 nM to 5 nM

in a ROR 1 binding assay using cells expressing about 3.3 X 10* ROR molecules/eeli.

{00811  In some embodunents, a protein of the present disclosure s for use in the treatment of
a solid tumor. Tn some embodiments, a protein of the present disclosure is for use in the

treatment of a hematologic tumor.

[0082]  In some embodiments, a protein of the present disclosure induces T cell Iytic granule
degranulation. In some embodiments, a protein of the present disclosure has an ECso of 160 pM
10 200 pM, 165 pMto 190 pM, 25 pM to 50 pM, or 30 pM to 40 pM for T cell mediated

cytotoxicity of TAA-expressing cells as measured ma T cell/tumor cell co-culture killing assay.
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{0083]  In some cmbodiments, a protein of the present disclosure has an ECse of 160 pMto
200 pM, 165 pM to 190 pM, 25 pM to 50 pM, or 30 pM 1o 40 pM for T cell mediated
cytotoxicity of ROR-expressing tumor cells as measured in a T cell/tumor cell co-culture

killing assay.

{0084]  In some embodiments, a protein of the present disclosure does not induce a sigmficant
increase in the production and/or release of pro-inflammatory cytokines by T cells when

adoinistered to cultures at concentrations sufficient to induce T cell mediated cytotoxicity.

{O085]  In some crabodiments, a protein of the present disclosure has an ECso of 1000 pM to
2000 pM, 1400 pM to 1800 pM, 200 pM to 600 pM, or 300 pM to 500 pM as measwred ma T

cell/tamor cell co-culture IFNy production assay.

{8086]  In some embodiments, a protein of the present disclosure has a Cuax 0f 20% to 60%,
35% to 45%, or 45% to 33% compared to a reference T cell-binder as measured in a T cell/tumor

cell co-culture IFNy production assay.

{0087]  In some embodiments, a protein of the present disclosure does not induce sigmficant
levels of TNFa or IL2 release when administered to freshly isolated peripheral mononuclear cell

(PBMU) cultures or PBMs pre-cultured for 48 hours at high density.

{DU88]  In some cmubodiments, a protein of the present disclosure has a cviokine release to
killing decoupling ratio of 1:2to 1:4, 1:2.2, or 1:2.9 normalized to a reference T cell-binder as

measured in a T cell/tumor cell co-culture killing assay and IFNy production assay.

{0089]  In some embodiments, a protein of the present disclosure induces a tumor sertal
killing index of 3 %0 5, 3.4 t0 3.6, or 3.8 13 4 2 as measured in a T cell/tumor cell co-culture

killing assay.

{0098]  In some embodiments, a protein of the present disclosure s cross-reactive with
cynomwoigus CD3 but not mouse CD3. o some ermnbodiments, a protein of the present disclosure
is cross-reactive with a cynomolgus TAA and mouse TAA. In some embodiments, a protein of

the present disclosure is cross-reactive with cynomolgas RORT and mouse RORT.

{0891]  The present disclosure also provides a formudation comprising a protein of the present

nvention and a pharmaceutically acceptable carrier.
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{0092]  The present disclosure also provides a nucleic acid encoding a protein of the prosent

mveniion.

{0093]  The present disclosure further provides a cell comprising one or more nucleic acids

encoding a protein of the present invention.

{00694]  The present disclosure provides a method of treating a cancer in a pationt, comprisiog
administering to the patient a protein or formulation of the present mvention. In some
embodiments, the cancer is a hematological cancer or a solid tumor cancer. In some
cmbodiments, the cancer is sclected from the group consisting of chromic lymphocytic leukemia,
mantle cell lymphoma, non-Hodgkin lymphoma, ovarian cancer, lung cancer, bronchial cancer,
colon cancer, rectal cancer, melanoma, renal cancer, gastric cancer, pancreatic cancer, prostate
cancer, uterine cancer, breast cancer, oral cancer, pharyngeal cancer, hairy cell loukemia, Hver

cancer, intrahepatic bile duct cancer, and thvroid cancer.

{0095]  In some embodiments of the present disclosure, an antibody or functional fragment
thereof comprising, according to the IMGT unique numbering scheme, a heavy chamn vanable
complementartty-determining region 1 (VHCDRI) comprising an amino acid sequence of
GFTFTSYA (SEQ ID NG: 8), a heavy chain vanable complementarity-determining region 2
{(VHCDRZ) comprising an amino acid sequence of ISGSGGGT (SEQ 1D NU: 9), a heavy chain
vartable complementanty-determining region 3 { VHCUDR3} comprising an amino acid sequence
of AQGSSIFDY (SEQ ID NG 10), a light cham variable complementarity-determining region 1
{(VLCDR1) comprising an amino acid sequence of QSVSSY (SEQ ID NG: 1), a light chain
variable cormaplementarity-determining region 2 {VLCDRI) comprising an amino acid sequence
of BAS, and a hght chain vanable complementarity-determining region 3 (VLCDR3)

comprising an amino acid sequence of QQRSNWPPFT (SEQ ID NG: 14).

{06%6]  In some embodiments, the antibody comprises a heavy chain variable domain
comprising an amine acid sequence at least 90% identical {e.g.. at least 91%, at least 92%, at
feast 939, at least 949, at least 93%, at lcast 96%, at least 97%. at least 98%, at least 99%, or
100%) to SEQ TD NO: 29, and a light chain vanable domain comprising an ammo acid sequence
at least 90% 1dentical (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 85%, at
least 96%, at least 97%, at least 98%. at least 99%, or 100%:) to SEQ 1D NO: 30

>

{90971  In some embodiments, an antibody of the present disclosure comprises, according to

the IMGT vnique numbering scheme, a heavy chain variable complementanty-determining

region | {VHCDR1) comprising an amino acid sequence of GFTFTSYA (SEQ ID N{(: 8),a
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heavy chain variable complementarity-determining region 2 (VHCDRZ) comprising an amino
acid sequence of ISGSGGGT (SEQ 1D NO: 9), a heavy chain vanable complementanty-
determining region 3 (VHCDR3) comprising an amino acid sequence of AQGSSIFDY (SEQ ID
N 10), a light chain variable complementarity-determining region | (VLCDRI) comprising an
aming acid scquence of QSVSSY (SEQ ID NO: 11}, a light chan variable complementarity-
deternuning region 2 (VLCDR2) comprising an amino acid sequence of DAS, and a light chain
vartable complementarity-determining region 3 (VLUDR3) comprising an amino acid sequence
of GORENWPPST (SEQ 1D NO: 15). In some embodiments, the antibody comprises a heavy
chain variable domain comprising an amine acid sequence at least 90% identical {e. g, at least
91%, at least 92%, at least 93%, at least 949, at least 93%, at least 96%, at least 97%, at least
98%, at least 99%, or 100%) to SEQ 1D NO: 39, and a light chain variable domain comprising
an amino acid sequence at least 90% identical (e.g., at least 1%, at least 92%, at feast 93%, at
least 9495, at least 83%, at least 96%, at least 97%, at least 98%, at least 999, or 100%) to SEQ

D NG 40, In some embodiments, the antibody 1s a human IgG1 antibody

{0098]  Other embodiments and details of the disclosure are presented herein below.
BRIEF DESCRIPTION OF THE DRAWINGS

{0099 FIGs. 1A and 1B provide schematic iltustrations of protein designs of bispecific T
cell-engagers (TCEs) comprising a bridging moiety, a first scFv that specifically binds a tumor-
assoctated antigen ("TAA”) {e.g., ROR1}), a Fab that specifically binds €33, and a second scFv
that specifically binds ROR1. FIG. 1A is a schematic dlustration of an exemplary bispecific
TCE in “Format IA” where the first scFv that specifically binds a TAA {e.g., ROR1} s
connected to the C-terminal end of the bridging moiety, the Fab that specifically binds CD3 i
connected to the N-terminal end of the brdging moicty, and the second scFv that specifically
binds a TAA {e.g, RORI) 15 connected to the N-termimnal end of the bridging motety. FIG. 1B
is a schematic iilustration of an exemplary bispectfic TCE in “Format 1B” where the first seFv
that specifically binds a TAA (e g, ROR1) is connected to the N-terminal end of the bridging
motety, the Fab that specifically binds CD3 1s connected to the C-terminal end of the bridging
moiety, and the second scFv that specifically binds a TAA (e.g., ROR1) is connecied to the N-
terminal end of the bridging moiety.

{0100]  FIGs. 2A to 2D are graphs showing the apparent binding affinities of the CD3-
binding polypeptide arms of 69A02 and/or 82HO2 bispecific TCEs in Format 1A and Format 15,
human IgG1 isotype control (hig(G2}, a reference T cell-binder (Ref. T cell-binder), ora

reference ROR1 Frizzled domain-binding TCE (Ref. Frz-binding TCE) in Format 1A or Format

22



L

10

WO 2023/019121 PCT/US2022/074686

1B, for human or cynomolgus CD3 on Jurkat T cells (FIG. ZA), cynomolgus pan-T cells (FIG.
2B), T cells 1solated from human CD3 knock-in C57BL/6 mice (FIG. 2C), or human CD3
knockout Furkat T cells (FIG. 2D},

{9101]  FiGs. 3A to 3D are graphs showing the apparent binding affinities of the ROR1-
binding polypeptide arms of 69A02 and/or 82HO2 bispecific TCEs in Format 1A and Format 1B,
human IgG1 isotype control (Isotype Control), and a reference T cell-binder (Ref. T cell-binder},
or a reference RORI Frizzled domain-binding TCE (Ref. Frz-binding TCE) in Format 1A or
Format |B for human ROR! on hROR1" MDA-MB-231 cells (FIG. 3A), hRORY T47D cells
(FIG. 3B), 471 cells engineered to overexpress human ROR1 (FIG. 3C), or 4T1 cells

engincered to overexpress murine ROR1 (FIG. 3D},

{0102]  FIGs. 4A and 4B arc graphs showing titrations of induction of cytotoxic activity by
69A02 and/or 82HO2 Wispecific TCEs in Format 1A or Fommat 1B, a reference T cell-binder
{Ref. T cell-binder), or a refercnce RORI Frizzled donain-binding TCH in Format 1A (Ref Frz-
binding TCE [ A) on freshly isolated peripheral blood monounucicar cells (PBMC) co~cultured
for 24 hours with hROR 1Y MDA-MB-231 tumor cells (FIG. 4A), or hROR D T47D tumor cells
(FIG. 4B). FIGs. 4C and 4D are graphs showing titrations of induction of IFNy rclease by
69A02 and/or 82HO2 bispecific TCEs in Format 1A or Format 1B, a reference T cell-binder
{Ref. T cell-bmder), or a reference ROR1 Frizzled domain-binding TCE in Format 1A (Ref. Frz-
binding TCE 1A} on freshly 1solated peripheral blood monomiciear cells (PBMC) co-cultured
for 24 hours with hROR1™ MDA-MB-231 tumor cells (FIG. 4C), or hRROR1 T47D tumor cells
(FIG, 4D}, FIG, 4¥ 15 a bar graph showing the magnitude by which induction of cytotoxic
activity 1s decoupled from induction of promnflammatory cviokine release by 69A02 or 82H(2
bispecific TCEs in Format 1A or Format 1B, or a reference ROR1 Frizzled domain-binding TCE
m Format 1A (Ref Frz-binding TCE 1A) normalized to values achicved by a reference T celi-

binder (Ref. T cell-binder).

{0103]  FIG, SA 13 3 graph showing titrations of induction of cyiotoxic activity by 62A02 or
82H02 bispecific TCEs in Format 1A or Format 1B, a reference T cell-binder (Ref. T cell-
binder), or a reterence ROR/1 Frizzled domain-binding TCE in Format 1A (Ref Frz-binding
TCE 1A), on CD8" T cells co-cultured for 24 hours with hROR 1Y MDA-MB-231 tumor cells.
FiGs. 5B is a graph showing titrations of induction of IFNy production by 69A02 or 82HO2
bispecific TCEs in Format 1A or Format 1B, a reference T cell-binder (Ref. T celi-bindet), ora
reference RORI Frizzled domain-binding TCE s Format 1A (Ref. Frz-binding TCE 1A), on
CD8" T cells co-cultured for 24 hours with hRORTY MDA-MB-231 tumor celis. FIG. 5C and
FiG. 5D are graphs showing titrations of induction of IFNy production by 69A02 bispecific
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TCEs in Format 1A or Format 1B, or a reference ROR1 Frizzied domain-binding TCE (Ref. Frz-
binding TCE} in Format 1A or Format 1B, on CD8" T cells co-cultured for 24 hours with MCF-7

tumor cells and T47D cells, respectively.

{0164]  FIG. 6A is a bar graph showing the serial killing frequency of hBRORI™ NCI-H1973

L

tamor cells by tumor infiltrating lvimphocytes (TILs) expanded from triple negative breast cancer
{TNBC) biopsies, in the presence of 69A02 or 82HO2Z bispecific TCEs i Format 1A or Format
18, areference T cell-binder {Ref. T cell-binder), or a reference ROR1 Frizzled domain-binding
TCE (Ref. Frz-binding TCE) in Format 1A or Format [B. FIG. 6B s a bar graph showing the
serial killing frequency of hRORI™ T47D tumor cells by TiLs expanded from TNBC biopsies, m
10 the presence of 69A02 or 82HO02 bispecific TCEs in Format 1A or Format 1B, a reference T celi-
binder {Ref. T cell-binder}, or a reference ROR1 Frizzied domain-binding TCE (Ref. Frz-
binding TCE) in Format 1A or Format 1B.

{0105]  FiIG, 7A 15 a graph showing titrations of induction of cytotoxic activity by the 8ZHO2
bispecific TCE in Format 1A (82H02 TCE 1A), or a reference T cell-binder (Ref. T cell-binder),

IS on freshiy isolated peripheral blood mononuclear cells (PBMC) co-cultured for 24 hours with
hROR1 Du-145, AS49, NCI-H1975, MDA-MB-231, NCCIT tumor cells, or hRROR1D MCF-7
tumor cells. FIG. 7B is a graph showing titrations of induction of IFNy release by the 82HO2Z
bispecific TCE in Format 1A (82H02 TCE 1A), or a reference T cell-binder (Ref. T cell-binder),
on freshly isolated peripheral blood mononuclear cells (PBMC) co-cultured for 24 hours with

20 hROR1" Du-145, A549 NCI-H19735, MDA-MB-231, NCCIT tumor cells, or hRROR1” MCF-7
mmor cells. FIG, 7C 15 a graph showing titrations of induction of cytotoxic activity by the
&2H02 bispecific TCE m Format 1B (82HO2 TCE 1B), or a reference T cell-binder (Ref. T cell-
binder}, on freshly isolated penipheral blood mononuclear cells (PBMC) co-cultured for 24 hours
with hRORTY Du-145, A549, NCI-H1975, MDA-MB-231, NCCIT tumor cells, or hRRORT

25 MCF-7 tumor cells. FIG. 78 15 a graphb showing titrations of induction of IFNy release by the
82HO2 bispecific TCE n Format 1B (82H02 TCE IB), or a reference T cell-binder (Ref. T cell-
binder), on freshly isolated peripheral blood mononuclear cells (PBMC} co-cultured for 24 hours
with hRORIY Du-145, A549, NCI-H1975, MDA-MB-231, NCCIT tumor cells, or h(RORT
MCE-7 tumor cells. FIG, TH 1s a graph showing titrations of induction of cytotoxic activity by

30 the reference RORI Frizzled domain-binding TCE (Ref Fre-binding TCE) in Format 1A, ora
reference T cell-binder (Ref. T celi-binder), on freshly isolated peripheral blood mononaclear
cells (PBMO) co-cultured for 24 bours with hROR1Y Du-143, A349, NCI-H1975. MDA-MB-
231, NCCIT tumor cells, or hRRORT MCFE-7 tumor cells. FIG. 7F 1s a graph showing titrations
of induction of IFNy release by the refercnee RORI Frizzied domain-binding TCE (Ref. Frz-
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binding TCE) in Format 1A, or a reference T cell-binder (Ref. T cell-binder), on freshly isolated
peripheral blood mononuclear cells (PBMC) co~cultured for 24 hours with hRROR1 Du-145,
A349, NCI-HI975, MDA-MB-231, NCCIT tumor cells, or BROR T MCF-7 tumor cells.

{0166] FiGs. BA and 8B arc graphs showing titrations of induction of cytotoxic activity by
the 82HO2 bispecific TCE in Format 1A or Format 1B, a reference T cell-binder (Ref. T cell-
binder), or a reference ROR1 Frizzled domain-binding TCE (Ref. Frz-binding TCE) in Format
1A or Format 1B, on human CD8Y T cells (FIG. 8A) or cynomolgus CD8 T cells (FIG. 8B) co-
cultured for 24 bours with hROR 1Y MDA-MB-231 tumor celis. FiGs, 8C and FIG. 8D are
graphs showing titrations of induction of [FNy release by the 82HO2 bispecific TCE mn Format
1A or Format 1B, a reference T cell-binder {Ref. T cell-binder), or a reference ROR1 Frizded
domain-binding TCE (Ref. Frz-binding TCE) in Format LA or Format 1B, on human CDS™ T
cells (FIG. 8C) or cynomolgus CDE' T cells (FIG. 8D) co-cultured for 24 hours with hRORT?
MDA-MB-231 tumor cells.

{0167  FiGs. %A and 9C are graphs showing titrations of induction of cytotoxic activity by
the 82H02 bispecific TCE n Format A or Format 18, a reference T cell-binder (Ref. T cell-
binder}, or a reference ROR1 Frizzled domain-binding TCE (Ref Fre-binding TCE) 1n Format
1A or Format 1B, on freshly isolated splenocytes from human CD3e knock-mn mice co-cultured
for 24 hours with human ROR174T1 wmor cells (FIG. 8A) or murine RORET 471 tumor cells
{(FIG. 9C). FIGs. 9B and 98 are graphs showing titrations of induction of IFNy release by the
82HO02 bispecific TCE in Format 1A or Format IB, a reference T celi-binder (Ref. T cell-
binder), or a refercnce ROR| Frizzied domain-binding TCE (Ref. Frz-binding TCE} in Format
1A or Format 1B, on freshly solated splenocvies from buman CD3s knock-in mice co-cultured
for 24 hours with human ROR1T 4TI tumor cells (FIG. 9B) or murine ROR1TY 4T1 tumor cells
(FIG. D). FIGs. 9K and 9F are bar graphs showing the magnitudes by which induction of
cytotoxic activity against BROR-17 471 tumor cells (FIG. 9E) or mROR1T 471 tumor cells
{FIG. 9F) are decoupled from induction of promflammatory cviokine release by the 82H02
bispecific TCE m Format 1A or Format 1B, or areference ROR1 Frizzled domain-binding TCE
{Ref. Frz-binding TCE} in Format 1A or Format 1B, nommalized to values achieved by a
reference T cell-binder (Ref T cell-binder).

{0108]  FiGs 10A to 10D are graphs showing titrations of induction of IFNy (FIG. 164),
TNFa (FIG. 108), IL-10 (FIG. 18C), or IL-2 (FIG. 10D) relcase by the 82HO2 bispecific TCE
m Format 1A or Format 1B an OKT3 ¢-CD3 positive control (OKT3}, a blg(G isotype control
(hlg(G1), a reference T cell-binder (Ref. T cell-binder), or a reference RORI Frizzled domain-
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binding TCE (Ref. Frz-binding TCE) in Format 1A or Format 18, on freshly isolated PBMCs

from healthy human donors cultured at a cell density of 1.0 X 107 cells/mi.

{010%] FIGs 11A to 11D are graphs showing titrations of induction of IFNy (FIG. 11A),
TNFa (FIG. 118), IL-10 (FIG. 11C), or [L-2 (FIG. 11D) release by the 82HO2 bispecific TCE
m Format 1A or Format 1B, an OK'T3 a-CD3 posttive control (OKT3), a higG1 isotype control
(hig(G1), a reference T cell-binder (Ref T cell-binder), or a reference ROR1 Frizzled domain-
binding TCE (Ref. Frz-binding TCE) in Format 1A or Format 1B, on PBMCs from healthy

human donors pre-cultured for 48 hours at a celf density of 1 X 107 cells/ml.

{81108] FIGs. 12A and 128 are graphs showing the apparent binding affimties of the CD3-
binding polypeptide arms of four sequence optimized 82HOZ bispecific TCEs i Format 1A
{82HO2 TCE #1, 82H02 TCE #2, 82H02 TCE #3, 82HO2 TCE #4), human IgG1 isotype control
(hig(G1), or areference T cell-binder (Ref T cell-binder), for buman CD8” cells (FIG. 12A) or

cynomolgus Pan-T colls (FIG. 12B).

{0111]  FiGs. 13A to 13D are graphs showing the apparent binding affinities of the ROR1-
binding polyvpeptide arms of sequence optimized 82HO02 bispecific TCEs in Format 1A (FIG.
13A; 82HO2 #1, 8ZHOZ #2, FIG. 13B; 82HOZ #3, 82HO2 #4), human IgG1 isotype control
(blgGh), or a reference T cell-binder (Ref. T cell-binder), for MDA-MB-231 tumor cells (FIG.
13A and FIG. 13B) or mRORT74T1 tumor cells (FIG. 13C and FIG. 13D,

[0112]  FIG. 14A 15 a graph showing titrations of induction of cytotoxic activity by four
sequence optimized 82HO02 bispecific TCEs m Format TA (82HO02 TCE #1, 82HO2 TCE £2,
R2H02 TCE #3, 82HO2 TCE #4), or a reference T cell-binder (Ref. T cell-binder), on freshly
isolated peripheral blood mononuclear cells (PBMC) co-cultured for 24 hours with hRROR "
MDA-MB-231 tumor cells. FIG. 14B s a graph showing titrations of induction of IFNy release
by four sequence optimized 82HO2 bispecific TCEs in Format 1A (82H02 TCE #1, 82H02 TCE
#2, 82H02 TCE #3, 82H0O2 TCE #4), or a reference T celi-binder (Ref. T cell-binder}, on freshly
isolated peripheral blood mononuclear cells (PBMC) co-cultured for 24 hours with hROR1'
MDA-MB-231 tumor cells. FIG. 14C 15 a bar graph showing the magnitude by which induction
of eytotoxic activity 1s decoupled from induction of proinflammatory cytokine release by four
sequence optimized 82HO2 bispecific TCEs in Format TA (82H02 TCE #1, 82H02 TCE 42,
82HO02 TCE #3, 82H02 TCE #4), normalized to values achicved by a refercnce T cell-binder

(Ref. T cell-binder).

9113 FIG. 1% is a bar graph showing the serial killing frequency of BRORIT NCI-H1975
{ grap 3 g frequency

tumor cells by tumor infiltrating lymphocvtes {TH.s} expanded from triple negative breast cancer
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{TNBC) biopsies in the presence of four sequence optumized 82HOZ bispecific TCEs in Format
PA (82HO2 TCE #1, 82HO02 TCE #2, 82HO02 TCE #3, 82HO02 TCE #4), or a reference T cell-
binder (Ref. T cell-binder).

{0114}  FiGs. 16A to 16F are graphs showing titrations of mduction of eytotoxic activity by
four sequence optimized 82HO02 bispecific TCEs in Format 1A (82HO2 TCE #1, 82H02 TCE #2,
82HO2 TCE #3, 82H02 TCE #4), or a reference T cell-binder (Ref. T cell-binder}, on freshly
1solated peripheral blood mononuclear cells (PBMC) co-cultured for 24 hours with MDA-MB-
231 tumor cells having cell surface densities of hRORI expression of approximately 7 X 10°
(FIG, 16A), 1.3 X 10°(FIG. 16B), 6 X 10° (FIG. 16C), 4 X 10° (FIG. 16D), 2 X 10° (FIG.
16K} molecales/cell, or hRRORT knockout cells (FIG. 16F).

{0118]  FiGs. 17A 10 17F are graphs showing titrations of induction of IFNy release by four
sequence optimized 82HO02 bispecific TCEs i Format [A (82HO2 TCE #1, 82H02 TCE #2,
82H02 TCE #3, 82H02 TCE #4), or a reference T cell-binder (Ref. T cell-binder), on freshly
isolated peripheral blood mononuclear cells (PBMC) co-cultured for 24 hours with MDA-MB-
231 tumor cells having cell surface densitics of hROR1 expression of approximately 7 X 16°
(FIG.17A), 1 3 X 10°(FIG. 178), 6 X 10° (FIG. 17C), 4 X 10° (FIG. 17D), 2 X 10° (FIG.
17E} molecules/cell, or RRORI knockout cells (FIG., 175}

{0116]  FIG, 18 is bar graph showing the magnitudes by which induction of cytotoxic activity
against MDA-MB-231 tumor cells having cell surface densities of hROR1 expression of
approximately 2 X 10°, 4 X 16°, 6 X 10°, 1.3 X 10° or 7 X 10° molecules/cell, are decoupled
from mduction of promflammatory cytokine release by four sequence optimized 82HO02
bispecific TCEs in Format 1A (82H02 TCE #1, 82H02 TCE #2, 82H02 TCE #3, 82H02 TCE

#4}, normalized to values achieved by a reference T cell-binder (Ref. T cell-binder).

{0117]  FIG. 19 15 a graph showmg mean fluorescence miensities (MET) of NCCIT cell
cultures pre-trcated with ROR1-binding clones of the present disclosure in scFv-Fe format
(8ZH02Z sckFv-F¢ and 69A02 scFv-Fc), a reference T cell-binder in scFv format (Ref. T cell-
binder scFv-Fc), or a reference Frizzled-binding clone m scFv-Fe format (Ref Frz-binding scFv~
Fe) then incubated with 82H02 scFv-Fe labeled with Alexa Fluor 647-comugated Zenon
fragments in a competitive binding assay.

DETAILED DESCRIPTION

{0118]  The present application provides bispecific proteins that bind a TAA {e.g, ROR1) on
the surface of tumor cells and CD3 on the surface of T cells, and are capable of inducing potent
T cell cyvtotoxic activity against RORI" tumor cells. This anti-tumor cviotoxicity inducing
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activity is decoupled from its ability to induce proinflammatory cytokine production. In some
embodiments, the application also provides therapeutic methods for using such proteins for the
treatment of cancers. Vanious aspects of the bispecific proteins described in the present
application are set forth below in sections; however, aspects of the proteins described in one
particular section are not to be limited to any particular section.  Also provided in the present

application are antibodics that specifically bind the ig-like domain of RORY.
DEFINITIONS

{8119]  To facilitate an understanding of the present application, a number of terms and

phrases are defined below.

{0128]  The terms “a” and “an” as used herem mean “one or more” and include the plural

untless the context is inappropnate.

{0121]  As used herein, the torm “antigen-binding site” refers to the part of the
immunoglobulin (Ig) molecule that participates o antigen binding. In human antibodies,

the antigen-binding site 1s formed by amino acid residues of the N-terminal variable ("V7)
domains of the heavy ("H} and light (“L”) chains. Three highly divergent stretches within the V
regions of the beavy and light chains are referred to as “hiypervanable regions” which are
mierposed between more conserved flanking stretches known as “framework regions,” or “FR.”
Thas, the term “FR” refers to amine acid sequences which are naturally found between and
adjacent to bypervariable regions i imounoglobulins. In a human antibody molecule, the three
hypervanable regions of a light chain and the three hypervanable 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-dimensional surface of an antigen to
which the antigen-binding site specifically binds, and the three hypervanable regions of cach of
the heavy and light chaing are referred to as “complementarity-determining regions,” or “CDRs.”
In certain animals, such as camels and cartilaginous fish, the antigen-binding site is formed by a
single antibody chain providing a “single domain antibody.” Antigen-binding sites can exist in
an intact antibody, in an antigen-binding fragment of an antibody that retains the antigen-binding
surface (for example. Fab, Fab’, Flab™h, or in a recombinant polypeptide such as an scFv, using
a peptide linker to connect the heavy chain variable domain to the light chain variable domamn in

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

{0122]  Asused herein, the term “functional fragment thereof™ refers to a portion of a protein

or polypeptide that maintains the ability to perform a biological function of the whole protein or
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polypeptide. For cxample, a functional fragment of a polypeptide or protein of the prosent

application maintains its ability to bind #ts cognate binding partner or ligand.

{8123]  As used herein, the terms “subject” and “patient” refer to an organiam to be freated by
the methods and compositions described herein. Such organisms preferably mclude, but are not
Hmited to, mammals {e.g., murines, simians, equines, bovines, porcines, canines, felines, and the

like}, and more preferably include humans,

{0124]  Asused herein, the term “effective amount” refers to the amount of a compound {e.g.,
a bispecific protein or antibody of the present apphication) sufficient to effect beneficial or
desired results. An effective amount can be administered in one or more administrations,
applications or dosages and s not intended to be limited to a particular formudation or
administration route. As used herein, the torm “treating” fncludes any effect, e g, lossening,
reducing, modulating, ameliorating or elimmmating, that results in the improvement of the

condition, disease, disorder, and the like. or ameliorating a symptom thergof.

{0125]  Ag used herein, “significantly” or “significant” refers to a change or alterationin a
measarable parameter to a statistically significant degree as determined in accordance with an
appropriate statistically relevant test. For example, in some embodiments, a change or alteration
is significant 1f it is statistically significant in accordance with, e. g, a Student’s t-test, chi-square,

or Mann Whitnev test.

{0126]  Asused herein, ROR1Y or ROR-1 refers to the protein of SEQ ID NG: 268 and related

isoforms and orthologs.
RORI Amine Acid Sequence:

MHRPRRRGTRPPLLALLAALLLAARGAAAQETELSVSAELVPTSSWN
ISSELNKDSYLTLDEPMNNITTSLGQTAELHCKVSGNPPPTIRWEKND
APVVOEPRRLSFRSTIYGSRERIRNLDTTDTGYFQUVATNGKEVVSST
GVLEVEFGPPPTASPGY SDEYEEDGFCQPYRGIACARFIGNRTVYMES
LEHMQGEIENQITAAFTMIGTSSHLSDKCSQFAIPSLCHY AFPYCDETSS
VPKPRBLCRDECEILENVLCQTEYIFARSNPMILMRLKLPNCEDLPQPE
SPEAANCIRIGIPMADPINKNHKCYNSTGVDYRGTVSEVTKSGRQCOQP
WNSQYPHTHTFTALRFPELNGGHSY CRNPGNQKEAPWCFTLDENFKS
DLCDIPACDSKDSKEKNKMEILYILVPSVAIPLAIALLFFFICVCRNNGEK
SSSAPVQROQPKHVRGONVEMSMINAYKPRKSKAKELPLSAVRFMEEL
GECAFGKIYKGHLYLPGMDHAQLVAIKTLKDYNNPQOWTEFQQEAS
EMAELHHPNIVCLLGAVTQEQPVCMLIEYINQGDLHEFLIMRSPHSD
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VGCSSDEDGTVKSSLOHGDFLHIAIQIAAGMEYLSSHFFVHK DLAARN
TLIGEQLHVKISDLGLSREIVSADYYRVQSKSLLPIRWMPPEAIMY GKF
SSDSDIWSFGVVLWEIFSFGLOPYYGFSNQEVIEMVRKRQLLPCSEDRC
PPRMYSLMTECWNEIPSRRPRFKDIHYRLRSWEGLSSHTSSTTPSGGN
ATTOTTSLSASPVSNLSNPRY PNYMFPSQGITPQGQIAGFIGPPIPONOR
FIPINGYPIPPGY AAFPAAHYQPTGPPRVIQHCPPPKSRSPSSASGSTSTG
HVTSLPSSGSNQEANIPLLPHMSIPNHPGGMGITVFGNKSQKPYKIDSK
QASLLGDANIHGHTESMISAEL (SEQ ID NO: 268)

9127 Asused herein, D3 refers 1o the protein comprising the CD3g (SEQ ID NG: 2693,
CD3y (SEQ ID NG: 270), €D33 {(SEQ ID NO: 271), and CD3E (SEQ ID NG 96) polypeptides,
which together with the T-cell receptor o/P and v/8 heterodimers form the T-cell receptor-CD3
complex.
D3e Sequence:
MOQSGTHWRVLGLCLLSVGYWGQDGNEEMGHTQTPYKVSISGTTVIL
TCPOYPGSEILWOHNDENIGGDEDDKNIGSDEDHLSLKEFSELEQSGY
YVCYPRGSKPEDANFYLYLRARVCENCMEMDVMSVATIVIVDICITG
GLLLLYVYYWSKNRKAKAKPVTRGAGAGGROQRGONKERPPPVPNPD
YEPIRKGORDLYSGLNQRRI(SEQ ID NG: 269)

D3y Sequence:
MEQGRKGLAVLILAHLLOGTLAQSIKGNHLVKVYDYQEDGSVLLTCD
ABAKMNMITWFKDGKMIGFLTEDKKKWNLGSNAKDPRGMY QUK GSQN
KSKPLOVYYRMCONCIELNAATISGFLFAEIVSIFVLAVGVYFIAGQD
GVROSRASDKOQTLLPNDGLYQPLKDREDDQYSHLOGNGQLRRN (SEQ
D NO: 270)

D33 Sequence:
MEHSTFLSGLVLATLLSQVSPFKIPIEELEDRVFVNCNTSITWVEGTVG
TLLSDITREDLGKRILDPRGIYRCNGTDIYKDKESTVQVHY RMUQSCY
ELDPATVAGHVTDVIATLLLALGVFCFAGHETGRLSGAADTQALLRN
DOVYQPLRDRDDAQY SHLGGNWARNK (SEQ ID NO: 271)

CH3E Sequence:

MKWEALFTAAILQAQLPITEAQSFGLLDPELCYLLDGILFIYGVILTAL
FLRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPORREKNPQEGLYNELGKDKMAEAYSEIGMKGERRRGKGHDG

LYQGLSTATKDTYDALHMOALPPR (SEQ 1D NO: 96)
30
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{0128]  For sequences presented herein with signal peptides, 1t is understood that mature

versions of the proteins are expressed without the signal peptide.

{8129]  Throughout the description, where a proiein is described as having, including, or
comprising spectfic components, or where processes and methods are described as having,
melading, or comprising specific steps, it is contemplated that, additionally, there are protems
described in the present application that consist essentially of or consist of the recited

components, and that there are processes and methods according to the present application that

i PROTEINS

{0138]  The present application provides bispecific proteins that specifically bind to a TAA.

{0131}  In some emboduncnts, bispecific proteins of the present disclosure induce robust T
cell cytotoxicity agamst certain TAA expressing cells but do not induce a significant amount of

cytokine release.

{0132]  In some crobodiments, a bispecific protein of the present disclosure, which induces
robust T cell cvtotoxicity agamst certain TAA expressimng cells but does not induce a significant
amownt of eytokine release, includes two arms, the first arm comprises a first component, which
specifically binds to a TAA, at its N-terminal end, and a second component, which specifically
binds to the same TAA, at its Cternmunal end, and a second amm comprises a component, which

specifically binds to CD3, at its N-terminal end.

{0133]  For example, in some embodiments, bispecific proteins of the present application
specifically bind to the Ig-hike domain of ROR1 expressed on cancer cells in a bivalent manner.
As compared 1o high affinity and/or monovalent antibodies, proteins of the present application
have a greater capacity to distingwish between target tumor cells and off-target non-tumor cells
based on RORI sorface density. Furthermore, by bridging ROR1 on the surface of target tunor
cells and CD3 on the surface of T cells, proteins of the present application activate the cytotoxic
activity of CD8Y T cells and induces T cell serial killing of the ROR 1-expressing tumor cells.

This cytotoxic activity ts decoupled from induction of T cell cytokine release.

{#134]  The bispecific proteins of the present disclosure include two arms, each arm including
at least one component {¢.2., a polvpeptide or complex of two or more polypeptides), wherein a
first arm comprises a first component which specifically binds to RORI at its Neterminal or -
terminal end. In some embodiments, a second arm comprises a component which specifically

binds to CD3 at its N-terminal or C-terminal end, and the first avm further comprises a second
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component which speeifically binds to ROR1 at an end that is opposite to the first component.
In other embodiments, a second arm comprises a component which specifically binds to CD3 at
its N-termmal or C-terminal end, and further comprises a second component which specifically
binds to ROR1 at an end of the second arm that is opposite to the component which specifically
binds CD3. In some embodiments, the first and second components that specifically bind to
RORI can comprise a single polypeptide. In some embodiments, the component that
speeifically binds to CD3 can comprise a complex of two or more polypeptides. In some
embodiments, the complex of two or more polypeptides of the component that specifically binds
to D3 may be connected by one or more than one covalent linkage (e 2., a disuifide bond)
and/or one or more than one non-covalent interaction {e.g., an iomc or hydrophobic mteraction).

Further description of exemplary bispeafic proteins 1s provided below.

{3135] A bispecific protein of the present disclosure meludes a first component and second
component that are polvpeptides or complexes of two or more polypeptides that specifically bind
RORI1. In some embodiments, the first component and second component can be, but are not
imuted to, one or more antigen-binding sites, for example, single-chain vanable fragments

{scFvs}, antibodies, Fab, Fab’, F{ab )2, minibodies, or nanobodies {(VHHs).

{0136] A bispecific protein of the present disclosure includes a component that is a
polypeptide or complex of two or more polypeptides that specifically binds CD3. In some
embodiments, the component can be, but 1s not hmited to, one or more antigen-binding site, for
example, a Fab, an antibody, a Fab’, a F(ab’ )., a single-chain variable fragment (scFv), a

minibody, or a nanobody (VHH),

{0137] In some embodiments, a bispecific protein of the present disclosure additionally
comprises a bridging moiety, which can melude, but is not limited to! a strand-exchange
enginecred domain (SEED) format immunoglobulin Fc domain or functional fragment thereof,
an mumunoglobulin Fe domain or functional fragment thereof, polypeptide linkers, or
polypeptide hinges. In some embodiments, the bridging moicty comprises one or mose than one
nutation that promotes heterodimerization of the two arms of the protein. In some
embodiments, the bridging motety 15 a SEED format immunoglobulin Fo domain comprising a
first and second polypeptide. In some embodiments, a bispecific protein of the present
disclosure further comprises a hinge polypeptide immediately N-terminal to cach of the first and

second polypeptide of the SEED format tmuwinoglobulin Fe domain.

{0138]  In some embodiments, a bispecific protein of the present diselosure further comprises

a linker polypeptide, which connects the first component or second component that specifically
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binds ROR1, or the component that specifically binds CD3 to the N-terminal or C-ternunal end

of the brdging moicty.

{013%]  In some embodiments, a ispecific protein of the present disclosure, which induces
robust T cell cytotoxicity against certain TAA expressing cells but does not induce a significant
amount of cytokine release, comprises: (1) a first arm comprismg, from N-terounus to C-
terminus, a first component comprising a polyvpeptide or complex of two or more polypeptides
that specifically binds a TAA, a first hinge polypeptide, a first polypeptide of a SEED format
immunoglobulin Fo domain, and a second component comprising a polypeptide or complex of
two or more polypeptides that specifically binds a TAA; and (1) a second arm comprising, from
N-ternuings to C-terminus, a polvpeptide or complex of two or more polypeptides that
specifically binds CID3, a second hinge polypeptide, and a second polypeptide of the SEED
format immunoglobulin Fe domain, wherein the first and second polypeptides of the SEED

format timmunoglobulin Fe domain dimerize.

{0140]  The bispecific proteins described herein can take varnous formats. For example, one
bispecific protein format comprises: (i} a first arm comprising, from N-terminus to C-terminus, a
first component comprising a polypeptide or complex of two or more polypeptides that
specifically binds RORUI, a first hinge polypeptide, a first polypeptide of a SEED format
mimunoglobulin Fe domain, and a second component comprising a polypeptide or complex of
two or more polypeptides that specifically binds ROR1; and (i1} a second amm comprising, from
N-termunus to C~icominus, a polvpeptide or complex of two or more polyvpeptides that
specifically binds CD¥3, a second hinge polypeptide, and a second polypeptide of the SEED
format immunoglobelin Fo domain, whercetn the first and second polypeptides of the SEED
format immunoglobulin Fo domain dimerize. In this format, the first and second components
that specifically bind ROR1 are antigen-binding sties {e.g., scFvs, antibodies, Fab, Fab’, F{ab’):,
mintbodies, or VHHs) and the component that specifically binds CD3 is an antigen-binding site
{e.g., Fab, scFv, antibody, Fab’, F{ab™}2, mintbody, or VHH). In some embodiments, the first
and second components that specifically bind RORI are scFvs and the component that
specifically binds CD3 15 a Fab (FIG. 1A}, In some embodiments, the component that
specifically binds CD3 comprises a Fab, wherein a partial hinge (for example, a polvpeptide
having the sequence of SEQ 1D NG: 133} is connected to the C-terminus of the Fab heavy chain
{(HC) CHI domain and fonus a disulfide bond with the Fab light chain (1C). Bispecific proteins
of this format may also optionally comprise a hnker polypeptide connecting the C-termimus of
the first polypeptide of the SEED format immunoglobulin Fe domain to the N-termimis of the

second component that specifically binds ROR1L.

)
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{0141]  Another bispectfic protein format comprises: {i} a first arm comprising, from N-
torminus to C-termunus, a first component comprising a polypeptide or complex of two or more
polvpeptides that specifically binds ROR 1, a first hinge polypeptide, a first polvpeptide of a
SEED format immuonoglobulin Fo domain, and a component comprising a polvpeptide or
complex of two or more polypeptides that specifically binds €D3; and (11} a sccond amn
comprising, from N-terminus to C-terminus, a second component comprising a polvpeptide or
complex of two or more polypeptides that specifically binds RORI, a second hinge polypeptide,
and a second polypeptide of the SEED format immunoglobulin Fe domain, wherein the first and
second polvpeptides of the SEED founat immunoglobulin Fo domamn dimerize. In this format,
the first and second components that specifically bind ROR1 are antigen-binding sites {e.g,
scFvs, antibodies, Fab, Fab’, F(ab™h, minibodies, or VHHS) and the component that specifically
binds {3 is an antigen-binding site {e.g., Fab, scFv, antibody, Fab’, F{ab ), mintbody, or
VHH)}. In some embodunents, the first and second components that specifically bind ROR1 are
scFvs and the component that specifically binds CD3 13 a Fab (FIG. 1B). In some embodiments,
the component that specifically binds CD3 comprises a Fab, wherein a partial hinge (for
example, a polypeptide having the sequence of SEQ 1D NO: 133} 1s connected to the C-terminus
of the Fab heavy chain (HC) CHI domain and forms a disulfide bond with the Fab light chain
(LC). Bispecific proteins of this format may also optionally comprise a linker polypeptide
connecting the C-terminus of the first polypeptide of the SEED format immunoglobulin Fe

domain fo the N-terminus of the component that specifically binds CD3,

{0142]  In another format, a bispecific protein comprises: {i) a first arm comprising, from N~
terminus to C-temmunus, a first component comprising a polypeptide or complex of two or more
polvpeptides that specifically binds RORY, a first hinge polypeptide, a first polvpeptide of an
immunoglobulin Fo domatn, and a second component comprising a polypeptide or complex of
two or more polypeptides that specifically binds ROR1; and {11) a second arm comprising, from
N-terminus to C-terminus, a polypeptide or complex of two or more polypeptides that
specifically binds CD3, a second hinge polypeptide, and a second polypeptide of an
umonoglobulin Fe domain, wherein the first and second polvpeptides of the immunoglobulin
Fc domain each comprise one or more than one mutation that promotes heterodimerization of the
first and sccond amms. In this format, the first and second components that specifically bind
ROR1 are antigen-binding sites {e. 2., scFvs, antibodies, Fab, Fab’, F{ab’ )2, minibodies, or
VHHs) and the component that specifically binds CD3 is an antigen-binding site {e.g., Fab, scFv,
antibody, Fab’, F{ab’},, muubody, or VHH). In some embodiments, the tirst and second

components that specifically bind ROR1 are acFvs and the component that specifically binds
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CD3 is a Fab (FIG. 1A). In somc embodiments, the component that specifically binds CB3
comprises a Fab, wherein a partial hinge (for example, a polypeptide having the sequence of
SEQ ID NO: 133} is connected to the C-terminus of the Fab heavy chain (HC) CHI domain and
forms a disulfide bond with the Fab hight chain (L), Bispecific proteins of this format may also
optionally comprise a linker polypeptide connecting the C-terminus of the first polypeptide of
the immunoglobulin Fo domain to the N-terminus of the second component that specificallv
binds RORL.

{01431  In vet another format, a bispecific protein comprises: {1} a first arm comprising, from
N-termunus to C-ternunus, a first component comprising a polypeptide or complex of two or
more polypeptides that specifically binds ROR1, a first hinge polypeptide, a first polypeptide of
an mmunoglobulin Fe domain, and a component comprising a polypeptide or complex of two or
more polypeptides that specifically binds D3, and (1) a second arm comprising, from N-
terminus to C-terminus, a second component comprising a polypeptide or complex of two or
more polypeptides that specifically binds RORI, a second hinge polvpeptide, and a second
polypeptide of the immunoglobulin Fo domamn, wherein the first and second polypeptides of the
immunoglobulin Fo domain each comprise one or more than one mutation that promotes
heterodimerization of the first and sccond arms. In this format, the first and second components
that specifically bind ROR1I are antigen-binding sites {e.g , scFvs, antibodies, Fab, Fab’, F(ab')s,
mintbodies, or VHHSs) and the component that specifically binds CD3 15 an astigen-binding site

{e, 1%

DT

Fab, scFv, antibody, Fab’, F{ab ), minibody, or VHH). In some embodiments, the first
and second components that specifically bind RORI are scFvs and the component that
specifically binds 3 is a Fab (FIG. 1B). In some embodiments, the component that
specifically binds CD3 comprises a Fab, wherein a partial hunge (for example, a polypeptide
having the sequence of SEQ 1D NO: 133} is connected to the C-terminus of the Fab heavy chain
(HC) CHI domain and forms a disultide bond with the Fab light chain (LC). Bispecific proteins
of this format may also optionally comprise a linker polypeptide connecting the C-terminus of
the first polypeptide of the mmunoglobulin Fo domain to the N-terminus of the component that
specifically binds D3.

{0144}  Individual components of the protemns are descrbed i more detail below.

1A Polypeptides or Complexes of Two or More Polypeptides that Specifically Bind RORI
{0145]  Polvpeptides or complexes of two or more polvpeptides that specifically bind ROR1
on the surface of tumor cells function to target bispecific proteins of the present disclosure to
hematological tumor cells, for example chronie lymphocytic leukemia (CLL) cells and mantle

cell leukemua (MCL) cells, as well as sohid tumor cells, for example ovarian, lun
35
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=



L4

10

20

[\
L

30

WO 2023/019121 PCT/US2022/074686

prostate, uterine, and breast tumor cells. Although RORI is expressed at relatively low density
on the cell surface, it is considered to be a relatively specific TAA. Therefore, ROR1-binding
polypeptides or complexes of two or more polypeptides of the present disclosure have limited
binding to normal, non-cancerous, adult tissues. In some embodiments, ROR1-binding
polvpeptides or complexes of two or more polypeptides of the present disclosure have relatively
lower binding affinity as compared to ROR1-binding high affinity and/or monovalent antibodies
known in the art. In some embodiments, bispecific proteins of the present disclosure comprise
two lower affinity ROR 1-binding polypeptides or complexes of two or more polypeptides,
thereby conforring greater capacity to distinguish between cells having different densities of

surface ROR1T expression.

{0146]  As used herein, a polypeptide or complex of two or more polypeptides that
specifically binds RORI1 is a polypeptide or complex of two or more polypeptides that binds to a
protein having a sequence of SEQ ID NG: 268 and related isoforms and orthologs. In some
embodiments, ROR1-binding polypeptides or complexes of two or more polypeptides
specifically bind one or more than one epitope on the extracellular domain of RORI. Insome
embodiments, ROR1-binding polypeptides or complexes of two or more polypeptides
specifically bind the distal Ig-like domam of ROR1 (SEQ ID NO: 993, In some embodiments,
RORI-binding polypeptides or complexes of two or more polypeptides of the present disclosure
do not bind to the Frizzled or Kringle domain of RORI (SEQ 1D NO: 102 and SEQ ID NO: 105,

rospectively).

ROR1 fg-like Bomain:
PTSSWNISSELNKDSYLTLDEPMNNITTSLGQTAELHCKVSGNFPPPTIRWEFKNDAP
VVQEPRRLSFRSTIYGSRLRIRNLDTTIDTGYFQUVATNGKEVVSSTGVLE (SEQ ID
NG: 99)

RORI Frizzled Domain:
EEDGFCOPYRGIACARFIGNRTVYMESLHMQGEIENQITAAFTMIGTSSHLSDKC
SQFAIPSLCHYAFPYCDETSSVPKPRDLCRDECEILENVLCOTEY IFARSNPMIEM
RLKLPNCEDLPGPESPEAANCIRI (SEQ 1D NG: 102}
ROR1 Kringle Domain:
KCYNSTGVDYRGTVSVTKSGROCOGPWNSQY PHTHTFTALRFPELNGGHSYCRN
PONQEEAPWCFTLBENFESDLCDIPAC (SEQ ID NG: 105)

{0147}  In some embodiments, a polypeptide or complex of two or more polypeptides that

specifically binds ROR1 includes, but 1s not Hmited to, a single~chain vaniable fragment (scFv),
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an antibody, a Fab, a Fab’, a F{ab’ ), a minibody, or a nanobody (VHH). For example, in some
embodiments, bispecific proteins of the present disclosure comprise two scFv polvpeptides that

cach specifically bind to the Ig-like domain of ROR1.

{0148]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR1T comprises a heavy chamn variable domain (VH) and a light chain
vartable domain {VL). TABLE 1 lists VH and VL complementarnity -determuning regions
{CDRs}) that, in combination, can specifically bind to ROR1. o some embodiments, a
polypeptide or complex of two or more polypeptides that specifically binds RORI comprises
VHCDRI, VHCDRZ, VHCDRS, VLCDRI, VLCDR2, and VLCDR3 sequences selected from
the VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and VLUDRS3 sequences listed in
TABLE 1, determined under IMGT unique numbering scheme, Kabat (see Kabat et al., (1991)
Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242, Bethesda),
Chothia (see, e.g., Chothia C & Lesk A M, {1987}, 1. Mol. Biol. 196; 901-817), MacCallum {sec
MacCallum R M et al,, (1996) . Mol. Biol. 262: 732-745), or any other UDR determination
method known 1n the art.

{0149]  Unless indicated otherwise, the UDR sequences provided in TABLE 1 are detormined
under the IMGT unique numbering scheme.

{0150] TABLE 1: VHCDR and VLUDR sequences for polypeptides or complexes of two
or more polypeptides that specifically bind RORI

Heavy Chain Light Chain
EDRI
GFTFTSYA QSVSSY
(SEQ ID NO: 8) (SEQ IDNO: 11)
GFSITTSGVS (JSVSEN
(SEQ 1D NO- 23) (SEQ 1D NO: 26)
GFTFSSYA PBDINSY
(SEQ ID NO: 127) (SEQ 1D NO: 130)
GVIGTSVT ODIGSS
{SEQ ID NO: 179) (SEQ ID NO: 182)
GYTFTEYT SSVSY
(SEQ ID NO: 173) (SEQ 1D NO: 176)
GYTFSDYE OQNVDAA
(SEQ ID NO: 143) (SEQ ID NO- 146)
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GFSLTSY G SNVSY
(SEQIDNO: 151) {(SEQ ID NO: 154)
GFAFTGYN QGINSY
(SEQIDNO: 172} (SEQ ID NO: 264)
GYNFTNYW QDINNY
(SEQ IDNO: 159) (SEQIDNG:162)
GFTSSYA QDINSY
{(SEQ ID NO: 248) (SEQ 1D NO: 170}
CDR2
ISGSGGGT DAS
(SEQIDNG: 9)
YWDBDBDK GAS
(SEQ ID NG: 24)
ISRGGTT RAN
(SEQ ID NO: 128)
INPSSGYT ATS
{(SEQ ID NO: 180}
INPNNGGT LTS
{(SEQ ID NG: 174)
IDPETGGT SAS
(SEQ ID NQ: 144)
IWAGGFT EIS
(SEQID NO: 153
IBPYYGGS RGN
(SEQ 1D NO: 262)
IYPGSGST YIS
(SEQ 1D NO: 160}
ISTGASA RAN
(SEQ ID NO: 168}
CDR3
AQGSSIFDY QORSNWPPXT
(SEQ ID NO: 16} wherein X1s F, 8, C. R, Q. 1L L
Y.orV
(SEGIDNG: 13)
QORSNWPPFY
(SEQID NG: 14}
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QORSNWPPST
(SEQ IDND: 15)
QORSNWPPCT
(SEQ IDND: 16)
QQRSNWPPRT
(SEQ IDNO: 17)
QOQRSNWPPQT
(SEQ ID NO: 18)
QORSNWEPIT
(SEQ ID NO: 19)
QORSNWEPLT
(SEQ ID NO: 20)
QORSNWEPYT
(SEQ IDNO: 21)
QQRSNWPPVT
(SEQ IDNO: 22)
AHAPRY TPGGYFDY QUYKNWPPA
(SEQ ID NO: 25) (SEQ 1D NO: 28)
YDYDGYYAMDY LOYDEFPYT
(SEQ ID NO: 129) (SEQ ID NO: 132)
ARRVLWLRRGDY LOYASSP
(SEQ ID NO: 181) (SEQ ID NO: 184)
ALQGFAY QOWSSNPYT
(SEQ ID NO: 175) (SEQ ID NO: 178}
TGYYDYDSFTY QOQYDIYPYT
(SEQ ID NQ: 145) (SEQ ID NO- 148)
ARRGSSYSMDY QQWNYPLIT
(SEQIDNO: 153) (SEQ ID NO- 156)
ARSPGGDYAMDY LQYDEFPYT
(SEQ 1D NO: 263) (SEQ ID NO- 132)
ARDGNYYAMDY QQGNTLPPYT
(SEQ ID NO: 161) (SEQ ID NO: 164)
ARITTSTWYFDV LOYDEFPYT
(SEQ 1D NO: 169) (SEQ ID NO: 132)
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{0151]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR 1 comprises: (i) a VHCDR!I comprising an anuno acid sequence of SEQ
D NG: 8 or SEQ TD NO: 23; (1) a VHCDR2 comprising an amino acid sequence of SEQ ID
N©O: 9 or SEQ ID NG: 24, (i) a VHCDR3S comprising an amine acid sequence of SEQ 1D NG:
10 or SEG 1D NGO 25; (v a VLCDRI comprising an amino acid sequence of SEQ ID NG: 11 or
SEQ ID NO: 26: (vy a VLCDR2 comprising an amino acid sequence DAS or GAS; and (vi) a
VLUDR3 comprising an amino acid sequence of SEQ ID NGO: 13 or SEQ ID NG: 28, For
example, in some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR 1 comprises a VLCDR3 comprising an amino acid sequence of SEQ 1D
NO: 14, SEG ID NO: 15, SEQ 1D NO: 16, SEQ ID NG: 17, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 20, SEQID NG: 21, SEQ ID NG: 22, or SEQ ID NO: 28.

{0152]  Insome embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds RORT comprises: (i) a VHCDRI comprising an amino acid sequence of SEQ
I NG ; (i1) a VHCDRZ compnsing an amino acid sequence of SEQ ID NG: 9; (st a
VHCDR3 comprising an amino acid sequence of SEQ 1D NO: 16; (iv) a VLCDRI comprising
an aming acid sequence of SEQ ID NO: 11, {(v) a VLCDR2 comprising an anuno acid sequence

of BAS; and {vi} a VLCDR3 comprising an amino acid seqaence of SEQ ID NQO: 14,

{0183]  In some crobodiments, a polypeptide or complex of two or more polypeptides that
specifically binds RORI comprises: (1) a VHCDRI comprising an amino acid sequence of SEQ
I NG &; (1) a VHCDRZ comprising an amino acid sequence of SEQ 1D NG: 9; {uiya
YHCDR3 comprising an amino acid sequence of SEQ 1D NG: 10; (iv) a VLCDRI comprising
an amingo acid sequence of SEQ ID NO: 11, {(v) a VLCDR2 comprising an anuno acid sequence

of BAS; and (vi} a VLCDR3 comprising an amino acid seqaence of SEQ ID NQ: 15,

{0184]  In some crabodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR1 comprises: (1) a VHCDRI comprising an amino acid sequence of SEQ
D NG: 23; (1) a VHCDRZ comprising an amino acid sequence of SEQ ID NG: 24; (i) a
VHCDR3 comprising an amino acid sequence of SEQ 1D NO: 25; (iv) a VLCDRI comprising
an amino acid sequence of SEQ ID NO: 26; (v) a VLCDR2 comprising an anuno acid seguence

of GAS; and (vi) a VLCDR3 comprising an amino acid sequence of SEQ ID NO: 28,

{01385]  TABLE 2 lists amino acid sequences of exemplary VH and VL domams that, in
combination, can specifically bind to ROR1L. In some embodiments, polvpeptides or complexes
of two or more polypeptides of the present disclosure comprise VH and VL having at least 90%
sequence identity {e.g., at lcast 91%, at least 92%. at least 93%, at least 94%, at least 95%, at

icast 96%, at least 97%, at least 98%. at least 99%, or 100%) to VH domain and VL sequences
44
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listed in TABLE 2. In certain embodiments, the VHCDRI, VHCDRZ, and VHCDR3 and the
VLCDRL, VECDR2, and VLCDR3S sequences are determined under BMGT unigue numbering
scheme, Kabat {sec Kabat ¢t al., {1991} Sequences of Proteins of Immumological Interest, NIH
Publication No. 91-3242, Bethesda), Chothia (see, e.g., Chothia € & Lesk A M, (1987}, §. Mol
Biol. 196: 501-917), MacCallum {(sce MacCallum R M et al., (1996} }. Mol Biol. 262: 732-745},
or any other CDR deternunation method known in the art, of the VH and VL scquences

disclosed in TABLE 2.

{0156]  Unless mdicated otherwise, the CDR sequences provided in TABLE 2 are determined

under the IMGT unigue numbering scheme.

{01587} TABLE 2: VH and VL sequences for polypeptides or complexes of two or more
polypeptides that specifically bind ROR1
Clone Amino Acid Sequence
§2HO2 Heavy Chain Variable Domain Light Chain YVanable Domain (VL)
{(VH)
EVQLLESGGGLVGPGGSLRLSC | EIVLTQSPATLSLSPGERATLSCR
AASGFTFTSYAMSWYVYROAPGK | ASOSVSSYLAWYQQKPGQAPRL
GLEWVSTISGSGGGTYVYTDSY | LIYDASNRATGIPARFSGSGSGTD
KGRFTISRDNSKNTLYLOQMNSL | FTLTISSLEPEDFAVYYCQORSN
RAEDTAVYYCAQGSSIFDYWG | WPPCTFGOQGTRLEIK
QGTLVIVSS (SEQ 1D NO: 32
{(SEQ ID NG: 29)
CDRI1 -~ GFTFISYA CDRI - QSVSSY
(SEQID NO: 8) (SEQ ID NO- 11)
CDRZ ~ ISGSGGGT CDRZ - DAS
(SEQIDNO: 9
CDR3 - AQGSSIFDY CDR3 - QQRSNWPPCT
(SEQID NO- 10) (SEQ ID NO: 16)
E2HO2 Heavy Chain Varable Domain Light Chain Vanable Domain (VL)
v1i.06 (VH
EIVLTQSPATLSLSPGERATLSCR
EVOQLLESGGGLVQPGGELRLSC | ASQSVSSYLAWYQQRPGQAPRL
AASGFTFISYAMSWVRQAPGK | LIVDASNRATGIPARFSGSGSGTD
GLEWVSTISGSGGGIYYTDSY | FTLTISSLEPEDFAVYYCQORSN
KGRFTISRDNSKNTLYLOMNSL | WPPEFTFGOGTRLEIK
RAEDTAVYYCAQGSSIFDYWG Ty T NI A
re SEG IDNG: 30
QGTLVTVSS (SEQ ”
(SEQ ID NG: 29)
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Clone

Amino Acid Sequence

CDRI - GFTFTSYA
(SEQ ID NO- 8)
CDR2 - ISGSGGGT
(SEQ ID NO: 9)
CDR3 - AQGSSIFDY
(SEQ 1D NO: 10)

CDRI - QSVSSY
(SEQ IDNO: 11)
CDR2 - DAS

CDR3 ~ QOQRSNWPPFT
(SEQ IDNO: 14)

82HO2
v1.07

Heavy Chain Variable Domain
(VI

EVQLLESGGGLYQPGGSLRLSC
AASGFTFTSYAMSWVRQAPGK
GLEWVSTISGSGGOTYYTDRY
KGRFTISRDNSKNTLYLOMNSL
RAEDTAVYYCAQGSSIFDYWG
QGTLVTVSS

(SEQ TD NO: 29)

CDR1 - GFTFTSYA
(SEQ ID NO: 8)
CDR2 - ISGSGGGT
(SEQ ID NO- 9
CDR3 - AQGSSIFDY
(SEQ ID NO: 10)

Light Chain YVanable Domain (VL)

EIVLTGSPATLSLSPGERATLSCR
ASOSVSSYLAWY OQKPGGAPRL
LIVDASNRATGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCQORSN
WPPSTFGOQGTRLEIK

(SEQ ID NO: 31)

CDR1 -~ QSVSSY
(SEQ ID NO: 11)
CDR2 - DAS

CDR3 - QORSNWPPST
(SEQ ID NO: 15)

82002
vi.02

Heavy Chain Variable Domain
EVOLLESGGOLVOPGHSLRLSC
AASGFTFTSYAMSWVRQAPGK
GLEWVSTISGSGGOTYYTDSY
KGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCAQGSSIFDYWG
QGTLYTVSS

(SEQ 1D NG: 29)

CDRI - GFTFTSYA
(SEQ ID NO: 8)

Light Chain Vanable Domain (VL)

EIVLTQSPATLSLSPGERATLSCR
ASQSVSSYLAWYQQKPGQAPRL
LIYDASNRATGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCQORSN
WPPRTFGOGTRLEIK

(SEQ ID NQG: 33)

CDR1 - Q8SVSSY
(SEQIDNO: 1H
CDRZ - DAS
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Clone

Amino Acid Sequence

CDRZ - 1ISGSGGGT
(SEQ ID NO: 9)
CDR3 — AQGSSIFDY
(SEGQ ID NO: 10)

CDR3 - QORSNWPPRT
(SEQ IDNO: 17)

82HO2
vi.g3

Heavy Chain Vanable Domain

Lizht Chain Variable Domam (VL)

EVQLLESGGGLVOPGGSLRLSC
AASGETFISYAMSWVROAPGK
GLEWVSTISGSGGGIYYTDSV
KGRETISRDNSKNTLYLOQMNSL

AEDTAVYYCAQGSSIFDYWG
OGTLVTVSS

(SEQ 1D NO: 29)

CDRI - GFTFTSYA
(SEQ ID NO- 8)
CDR2 - ISGSGGGT
(SEQ ID NO- 9)
CDR3 - AQGSSIFDY
(SEQ 1D NO: 10)

EIVLTQSPATLSLSPGERATLSCR
ASOSVSSYLAWYQQKPGQAPRL
LIYDASNRATGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCQORSN
WEPOTFGOGTRLEIK

(SEQ 1D NO: 34)

CDRI - QSVSSY

(SEG ID NO: 11)
CDR2 - DAS
CDR3 - QORSNWPPQT

(SEQ 1D NO: 18)

]2H02
vi0og

Heavy Chain Vanable Bomain

Light Chamn Variable Domam (VL)

(Vi)

EVOLLESGGGLVGPGGSLRLSC
AASGFIFTSY AMSWVRQAPGK
GLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSL
RAEDTAVYYCAQGSSIFDYW
QGTLYTVSS

(SEQ ID NO: 29)

CDR1 -~ GFTFTSYA
(SEQ ID NO: 8)
CDR2 - ISGSGGGT
(SEQ ID NO: 9)
CDR3 - AQGSSIFDY
(SEQ ID NO: 10)

EIVLTQSPATLSLSPGERATLSCR
ASQSVSSYLAWYQOQKPGQAPRL
LIVDASNRATGIPARFSGSGSGTD
FTUTISSLEPEDFAVYYCQQORSN

(SEQ ID NO: 35)

CDR1 - Q8VSSY
(SEQ ID NO: 11)
CDR2 - DAS

CDRI — QORSNWPPIT
(SEQ ID NO: 19)
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82HU2
v1.05

Heavy Chain Varable Bomain

Lizht Chain Vanable Domam (VL)

(VH)

EVQLLESGGGLYVQPGGSLRLSC
AASGFTFTSYAMSWVRQAPGK
GLEWVSTISGSGGOTYYTDSY
KGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCAQGSSIFDYWG
QGTLVTVSS

(SEQ 1D NO: 29)

CDR1 - GFTFTSYA
(SEQ ID NO: 8)
CDR2 - ISGSGGGT
(SEQ ID NO: 9)
CDR3 - AQGSSIFDY
(SEQ 1D NO: 10)

EIVLTQSPATLSLSPGERATLSCR
ASQSVSSYLAWYQQKPGQAPRL
LIYDASNRATGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCQORSN
WPPLTFGOGTRLEIK

(SEQ ID NO- 36)

CDR1 - QSVSSY

(SEQIDNO: 11}
CDR2 - DAS
CDR3 - QORSNWPPLT

(SEQ 1D NO: 20)

82702
v1.08

Heavy Chain Yarable Domain

(VH

EVOLLESGGGLVOPGGSLRLSC
AASGFTFTSYAMSWYVRGAPGK
GLEWVSTISGSGGGTY YTDSY

KGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCAQGSSIFDYWG
QGTLVTVSS

(SEQ ID NO: 29)

CDR1 - GFTFISYA
(SEQ ID NO: 8)
CDRZ - ISGSGGGT
(SEQ ID NO: 9)
CDR3 — AQGSSIFDY
(SEQ ID NO: 10)

Light Chain Vagable Domam (VL)

EIVLTQSPATLSLSPGERATLSCR
ASOSVSSYLAWYQQKPGQAPRL
LIVDASNRATGIPARFSGSGSGTD

WPPYTFGOQGTRLEIK
(SEQ 1D NO: 37

ChRI - QSVSSY
(SEQIDNO 1D
CDR2 - DAS

CDR3 - QORSNWPPYT
(SEQ ID NO: 21)

82HO2
v1.09

Heavy Chamm Vanable Bomain

Lizht Chain Vanable Domain (VL)

(Vi

EVOQLLESGGGLYVOQPGGRLERLSC
AASGFIFTSYAMSWVRQAPGK
GLEWVSTISGSGGOTYYTDSY

EIVLTQSPATLSLSPGERATLSCR
ASOSVSSYLAWYQQKPGOQAPRL
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Clone

Amino Acid Sequence

KGRFTISRDNSKNTLYLQMNSL
RAEDTAVY YCAQGSSIFDYWG
QGTLVTVSS

(SEQ 1D NO: 29)

CDRI - GFTFTSYA
(SEQ ID NO- 8)
CDR2 - ISGSGGGT
(SEQ ID NO: 9)
CDR3 ~ AQGSSIFDY
(SEQ 1D NO: 10)

LIYDASNRATGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCQORSN
WPPVIFGQGTRLEIK

(SEQ ID NO: 38)

CDRI - QSVSSY
(SEGIDNO: 11}

CDR2 - DAS

CDR3 - QORSNWPPYT
(SEQ 1D NO: 22)

69A02

Heavy Chain Variable Domain

{(Vih

QVTLKESGPTLVKPTQTLTLTC
SFSGFSITTSGVSVGWIRQPPGK
ALEWLALIYWDDDKRYSPSLK
SRLTITRDTSKNQVVLTMTNM
DPVDTATYYCAHAPRY TPGGY
FDYWGOQGTLVTVSS

(SEQ 1D NO: 39)

CDRI - GFSITTSGVS

(SEQ 1D NO: 23)
CDR2 - IYWDDDK

(SEQ 1D NO: 24)
CDR3 - AHAPRYTPGGYFDY

(SEQ ID NO: 25)

Light Chain Varnable Domain (VL

ETTLUTQSPATLSVSPGETATLSCR
ASQSVSSNLAWYQOQKPGQAPRL
LIYGASTRATGIPATFSGSGSGTE
FTLTISSLOSEDFAIYYCOQQYEN
WPPAFGGGTELEIR

(SEQ ID NO: 40)

CDRI - QSVSSN
(SEQ 1D NO: 26)
CDR2 - GAS

CDR2 —-QQYKNWPPA
(SEQ ID NO: 28)

us
9,150,647,
us
10,544,201

2A4

Heavy Chain Variable Bomain
{VH

EVKLOOSGPELVKPGASVKISC
KTSGYTFTEYTMHWVKQSHG
KSLEWIGGINPNNGGTSYNQKF
KGKATLTVDKSSSTAYMELRS
LTSEDSAVYYCALQGFAYWGQ
GTPLTVSS

(SEQ IDNO: 123)

Light Chain Vanable Domamm (VL

EIEITQTPALMSASPGERVTMTCS
ASSSVSYMYWYQOQKPRSSPKPW
IYLTSNLASGVPARFSGSGSGTRY
SLETISSMEAEDAATYYCQQWSSN
PYTFGGGTRLELK

(SEQ ID NO: 124)
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Clone

Amino Acid Sequence

CDRI - GYTFTEYT

(SEQ D NO: 173)
CDR2 — INPNNGGT

(SEQ 1D NO: 174)
CDR3 - ALQGFAY

(SEQ 1D NO: 175)

CDRI - SSVSY
(SEQ ID NG: 176)
CDR2 - LTS

CDR3 ~ QQWSSNPYT
(SEQ ID NO: 178)

KGKAILTADKSSSTAYMELRSL
TSEDSAVYYCTGYYDYDSFTY
WOQGTLVTVSA

(SEQ IDNO: 141)

CDR1 - GYTFSDYE

(SEQ 1D NO: 143)
CDR2 - IDPETGGT

(SEQ ID NO: 144)
CDR3 - TGYYDYDSFTY

(SEQ 1D NO: 145)

US2013/01 | Heavy Chain Variable Domain Light Chain Vanable Domain (VL)
41607, US| (VH)
10,544,201
AAS DIKMTQSPSSMYASLGERVTITC
- EVKLVESGGGLVKPGGSLELS ASPDINSYLSWFQQKPGKSPKT
CAASGFTFSSYAMSWVROQIPEK | LIYRANRLVDGVPSRFSGGGSGQ
RLEWVASISRGGTTYYPDSVK | BYSLTINSLEYEDMGIYVYCLGQYD
GRFTISRDNVRNILYLGMSSLR | EFPYTFGGGTKLEMK
SEDTAMYYCGRYDYDGYYAM )
g SEQID ay
DYWGQGTSVSS (SEQID NO- 126)
(SEQ ID NGO 125)
CDRI - GFTFS8YA CDRI - PDINSY
, SEQ ID NO: 130
(SEQ ID NO: 127) ~ (GEQIDNO-130)
CDR2 - ISRGGTT CDRZ-RAN
{SEQ ID NO: 128) .
CDR3 - YDYDGYYAMDY CDR3 - LQY DEFP’YT -
(SEQ 1D NO: 129) (SEQID NO: 132)
Us QVQLOOSGAELVRPGASVTLS | DIVMTQSOKIMSTTVGDRVSITC
10,544,201 | CKASGYTFSDYEMHWVIQTPYV | KASGNVDAAVAWYQQKPGOSP
2AD HGLEWIGAIDPETGGTAYNOKYF | KLLIYSASNRYTGVPDRFTGSGS

GTDFTLTISNMOQSEDLADYFCQO
YDIYPYTFGGGTRLEIK

(SEQ ID NO: 142)

CDR1~-QNVDAA
(SEQ ID NO: 146}
CDR2 - SAS

CDR3 - QQYDIYPYT
(SEQ ID NO: 148)
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Clone

Amino Acid Sequence

Us
10,544,201

Do

QVOLKESGPGLVAPSQTLSITC
TVSGFSLTSYGVHWVROPPGK
GLEWLGVIWAGGFTNYNSALK
SRLSISKDNSKSQVLLEMTSLO
TDDTAMYYCARRGSSYSMDY
WGOGTSVTVSS

(SEQ ID NO: 149)

CDR1 - GFSLTSYG

(SEQ IDNO: 151
CDRZ - IWAGGFT

(SEQ 1D NO: 152)
CDR3 - ARRGSSYSMDY

(SEQ ID NO: 153)

EIVLSQSPAITAASLGQEVTITCS
ASSNVSYIHWYQQRSGTSPRPWE
YEISKLASGVPVRFSGSGSGTSYS
LTISSMEAEDAAIYYCQQWNYPL
ITFGSGTKLEID

(SEQ ID NO: 150y

CDRI - SNVSY
(SEQ ID NO: 154)
CDR2 - EIS

CDR3 - QQWNYPLIT
(SEQ ID NQ: 156)

Us
10,544,201

Go

EVOLQGQSGPELEKPGASVKISC
KASGFAFTGYNMNWVEKQTNG
KSLEWIGSIDPYYGGSTYNQKF
KDKATLTVDKSSSTAYMOQLKS
LTSDDSAVYYCARSPGGDYAM
DYWGQGTSVTVSS

(SEQ ID NO: 167)

CDR1 -~ GFAFTGYN

(SEQ ID NO: 172)
CDRZ - IDPYYGGS

(SEQ ID NO: 262)
CDR3 - ARSPGGDY AMDY

(SEQ ID NO: 263)

DIKMTOSPSSMYASVGERVTITC

KASQGINSY SGWFQOQKPGKSPKT
LIYRGNRLVDGVPSRFSGSGSGO

DYSLTISSLEYEDMGIYYCLOYD

EFPYTFGGGTKLEIK

(SEQIDNG: 171

CDRI - OGINSY
(SEQ ID NO: 264)
CDR2 - RGN

CDR3 - LQYDEFPYT
(SEQ ID NO: 132)

Us
10,544,201

OVOLOQPGAELVKPGTSVKLS
CKASGYNFINYWINWVKLRPG
QGLEWIGEIYPGSGSTNYNEKF
KSKATLTADTSSSTAYMOQLSSL
ASEDSALYYCARDGNYYAMD
YWGQGTSVTVSS

(SEQ ID NO: 157)

CDRI - GYNFINYW
(SEQ 1D NO: 159)
CDR?2 - TYPGSGST

DIOMTOTTSSLSASLGDRVTITCR.
ASQDINNYLNWYQOKPDGTVKL
LIYYTSALHSGVPSRFSGSGSGTD
YSLTISNLEQEDIATYFCQQGNTL
PPYTFGGOGTRLEIR

(SEQ ID NO: 158)
CDRI - QDINNY

(SEQ ID NO: 162)
CDR2Z-YTS
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10,544,201
H10

CAASGFTFSSY AMSWYROTPE
KRLEWVASISTGASAYFPDSVK
GRFTISRDNARNILYLOMSSLR
SEDTAMYYCARITISTWYFDV

Clone Amino Acid Sequence
(SEQ D NO: 160}
CDR3 - ARDGNYYAMDY CDR3 - QOGNTLPPYT
(SEQ IDNQ: 161} (SEQ ID NG: 164)
Us EVKLVESGGGLVKPGGSLKLS | DIKMTQSPSSMYASLGERVTITC

KASOQDINSYLSWFQQKPGKSPKT
LIYRANRLVDGVPSRFSGSGSGO

DYSLTISSLEYEDMGIYYCLQYD

EFPYTFGGGTKLEIK

WOAGTTVTVSS

(SEQ D NO: 165) (SEQ ID NO. 166)
CDRI - GFTFSSYA

(SEQ ID NO: 127)
CDR2 - ISTGASA

(SEQ 1D NO: 168)
CDR3 - ARITTSTWYFDV

(SEQ 1D NO: 169)

CDRI - QDINSY
(SEQ D NG: 170)
CDR2 - RAN

CDR3 -LOYDEFPYT
(SEQ ID NG: 132)

{0158]  In some embodiments, a polypeptide or complex of twa or more polypeptides that
specifically binds ROR 1 comprises: (i} a VH having at least 90% sequence identity {e.g., at least
91%, at least 92%, at least 93%, at least 949, at teast 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100%) to SEQ 1D NG: 29 or SEQ 1D NG: 39; and (31 a VL having at least
90% sequence identity {e.g., at least 91%, at lcast 92%, at least 93%, at least 94%, at least 95%.
at least 96%, at feast 97%, at least 98%, at least 99%, or 100%;) to SEQ D NO: 30, SEQ ID NO:
31, SEQ IDNO: 32, SEQ ID NQG: 33, SEQ 1D NO: 34, SEQ ID NQG: 35, SEQ 1D NGO 36, SEQ
1D NG 37, SEQ 1D NG: 38, or SEQ [D NG 40,

{0159  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR1 comprises: {t} a VH having at least 90% sequence identity {e.g., at least
91%. at least 92%, at least 93%, at lcast 94%, at least 93%, at lcast 96%. at least 97%, at least
98%, at least 99%, or 100%) to SEQ D NO: 29; and (1) a VL baving at least 90% sequence
dentity {e.g., at least 91%, at least 92%, at least 939, at least 94%, at least 95%, at least 96%, at
feast 97%, at least 98%, at least 99%, or 1009%) to SEQ 1D NG: 30.

{0166]  In some embodiments, a polypeptide or complex of two or more polypeptides that

specifically binds RORI comprises: {i) a VH having at least 90% scquence identity {e.g., at least

91%. at least 92%, at least 93%, at lcast 94%, at least 3%, at least 96%. at least 97%, at least
48
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98%, at least 99%, or 100%) to SEQ 1D NGO: 29; and (i) a VL having at least 90% sequence
dentity {e.2., 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%) to SEQ ID NG 31

{8161}  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR1 comprises: (i} a VH having at least 90% sequence 1dentity {e.g., at least

919%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at feast 979, at least
9890, at feast 99%, or 100%) to SEG 1D NO: 39; and (1) a VL having at least 90% sequence
identity {e.g., at least 919, at least 92%, at least 93%, at least 94%, at least 953%, at least 96%, at

lcast 97%, at least 98%, at least 99%, or 100%) to SEQ ID NG: 46,

{0162]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR1 1s in an scFv format. In some embodiments, a ROR1-binding scFv of
the present disclosure comprises a linker polvpeptide that connects a VH domain and VL
domain. o some embodiments, a linker polypeptide comprises the sequence (GGGGS) (SEQ
D NG: 1), wherem v s 1 to 12, For example, in some embodiments, a ROR-I binding scFv
comprises, from N-terminus to C-terminus, a VL domain, a inker polypeptide, and a VH
domain. In other embodiments, a ROR-1 binding scFv comprises, from N-terminas to C-

terminus, a VH domain, a linker polypeptide, and a2 VL domain.

{0163] TABLE 3 lists amino acid sequences of exemplary ROR-binding scFvs. In some
embodiments, bispecific proteins of the present disclosure comprise two scFvs comprising scFv
sequences at least 90% identical (e.g, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 6%, at least 97%, at least 98%, at least 99%, or 10096} to an scFv sequence

fisted in TABLE 3.

{9164] TABLE 3: Exemplary ROR1-binding scFv amino acid sequences

Clone Aminge Acid Seqguence

82HO2 EIVETQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPCT
FGQOTRLEIKGGGGSOGOGOGSGOOGSGEEGSEVQLLESGGGLYQPGOS
LRLSCAASGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAQGSSIFDYWGQGTL

VTVSS
(SEQ ID NO: 43)
82102 EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIY
V1.06(1} DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORSNWPPFTE

GOOGTRLEIKGGGGSGGGGSGOGGSGEGESEVOLLESGGGLVGPGGSL
RLSCAASGFTFTSY AMSWVROQAPGKGLEWVSTISGSGGOGTYYTDSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGRQGTLY
TVSS

(SEQID NO: 41
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Amine Acid Seguence

82102
V1.07(1)

EIVLTOSPATLSLSPGERATLSCRASOSVSSY LAWYOOQKPGOAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORSNWPPSTF
GQGTRLEIKGGGGSOGGGSGGOGSGGGGSEVOLLESGGGLYQPGGSL
RLSCAASGFTFTSY AMSWVRQAPGKGLEWVSTISGSGGGTYYTDSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTLY
TVSS

(SEQ 1D NO: 42)

8202
V1.02(1)

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPRT
FGQGTRLEIKGGGGSGGGGSGGGGSGGGGSEVQLLESGGGLYOPGGS
LRLSCAASGFTFTSYAMSWVYRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSS

(SEQ ID NO: 44)

8ZH02
V1.03(1}

EIVLTOSPATLSLSPGERATLSCRASQSYSSY LAWY QUKPGOAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPQT
FGOGTRLEIKGGGGSGGCGSGGGGSGGGGSEVQLLESGGGLVQPGGS
LRL3CAASGFTFTSY AMSWYRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLY LOMNSLRAEDTAVYYCAQGSSIFDYWGQOGTL
VTVSS

(SEQ ID N 45)

8202
V1.04(1)

EIVETOSPATLSLSPGERATLSCRASQSVSSY LAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVY Y COQRSNWPPITF
GOQGTRLEIKGGGGSGGGGSGGGGSGGGGSEVOLLESGGGLYQPGGSL
RLSCAASGFTFTSY AMSW VROAPGKGLEWVSTISGSGGGTYYTDSVK
GRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAQGSSIFDYWGQGTLY
TVSS

(SEQ ID NO: 46)

82102
V1.05(1)

EIVLTQSPATLSLSPGERATLSCRASQSVSSY LAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORSNWPPLT
FGQOTRLEIKGGGGSOGOGOGRGOOGSGREGSEVQLLESGGGLYQPGOS
LRLSCAASGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLY LOMNSLRAEDTAVYYCAQGSSIFDYWGOQGTL
VTVSS

(SEQ ID NG 47)

21107
V1.08(1)

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORSNWEPYT
FGQGTRLEIKGGGGSGGGGSGGGGSGGGGSEVOLLESGGGLVOPGGS
LRLSCAASGFTFTSYAMSWVRQAPGKGLEW VSTISGSGGGTYYTDSV
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VTVSS

(SEQ ID NO: 48}

8202
V1.09(1)

EIVLTQSPATLSLSPGERATLSCRASQSYSSYLAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPVT
FGQGTRLEIKGGGGSGGGGSGGGGSGGGGSEVQLLESGGGLVQPGGS
LRLSCAASGFTFTSY AMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSENTLY LQMNSLRARDTAVYYCAQGSSIFDYWGQGTL
VTVSS

(SEQ ID NO: 49)
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Amine Acid Seguence

82H02(2)

EVOLLESGGGLVGPGGSLRLSCAASGFTFTSY AMSWVROAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSKNTLY LQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTOS
PATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQGRSNWPPCTFGQGTR
(SEQ 1D NO: 52)

8202
V1.06(2)

EVQLLESGGGLYQPGGSLRLSCAASGFTFTSY AMSWVRQAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSKNTLY LQMNSLRAEDTAVYY
CAQGSSIFDY WGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQS
PATLSLSPGERATLSCRASQSVSSYLAWYQOQKPGOAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVY YCQQRSNWPPFTFGOGTRL
EIK

(SEQ ID NO: 50

8ZH02
V1.07(2)

EVOLLESGGGLYVQPGGSLRLSCAASGFTFTSY AMSWVROAPGKGLEW
VSTISGSGGGTY Y TDSVKGRFTISRDNSKNTLY LOMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTOS
PATLSLSPGERATLSCRASQGSVSSYLAWYQQKPGOAPRLLIYDASNRA
TGIPARFSGSGSGTDFRTLTISSLEPEDFAVY YCOORSNWPPSTRGOGTRL
(SEQ IDNO: 51)

8202
V1.02(2)

EVOLLESGGGLVQPGGSLRLSCAASGFTFTSY AMSWVRQAPGKGLEW
VSTISGSGGGTY Y TDSVKGRETISRDNSKNTLY LOQMNSLRAEDTAVYY
CAQGSSIFDY WGOGTLY TV SSGGGGSGGGGSGGGGSGGGGSEIVLTQS
PATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIY DASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVY YCQQRSNWPPRTFGQGTR
LEIK

(SEQ ID NO: 53)

82102
V1.03(2)

EVOLLESGGGLVQPGGSLRLSCAASGFTFTSYAMSWVRQAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSKNTLY LOMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQS
PATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVY YCQOQRSNWPPQTFGQGTR
LEIK

(SEQ ID NO: 54)

21107
V1.0402)

EVQLLESGGGLVQPGGSLRLSCAASGFTFTSYAMSWYVRGAPGKGLEW
VETISGSGGGTYYTDSVKGRFTISRDNSKNTLY LOMNSLRAEDTAVY'Y
CAQGSSIFDY WGQGTLVTVSSGGGESGGGGSGGGGSGGEGSEIVLTOS
PATLSLSPGERATLSCRASQSVSSYLAWYQOQKPGQAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVY YCQQRSNWPPITFGQGTRL
EIK

(SEQID NO: 55)

8202
V1.05(2)

EVQLLESGGGLYQPGGSLRLSCAASGFTFTSY AMSWVRQAPGKGLEW
VSTISGSGGGTY YTDSVKGRFTISRDNSKNTLY LQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTOS
PATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVY Y COORSNWPPLTFGQGTRL
EIK

(SEQ ID NO: 56)
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Amine Acid Seguence

82102
V1.08(2)

EVOLLESGGGLVGPGGSLRLSCAASGFTFTSY AMSWVROAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSKNTLY LQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTOS
PATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPY TFGQGTR
(SEQ ID NO: 57)

8202
V1.09(2)

EVQLLESGGGLYQPGGSLRLSCAASGFTFTSY AMSWVRQAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSKNTLY LQMNSLRAEDTAVYY
CAQGSSIFDY WGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQS
PATLSLSPGERATLSCRASQSVSSYLAWYQOQKPGOAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVY YCOORSNWPPVTFGQGTR
LEIK

(SEQ ID NO: 58}

69A02

ETTLTOSPATLSVSPGETATLSCRASOSVSSNLAWY OOKPGOQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIVYCQQYKNWPPAFG
GGTELEIKGGGGSGGGGSGGGGSGGGGSQVTLKESGPTLVKPTQTLTL
TCSFSGFSITTSGVSVGWIRQPPGKALEWLALIYWDDDKRY SPSLKSRL
TITRDTSKNQVVLTMTNMDPVDTATY YCAHAPRY TPGGYRDYWGQG
TLVTVSS

(SEQ ID NO: 59)

69A02(2)

QVTLKESGPTLYVKPTQTLTLTCSFSGFSITTSGVSVGWIRQPPGKALEW
LALIYWDDDKRY SPSLKSRLTITRDTSKNQVVLTMINMDPVDTATYY
CAHAFRY TPGGY FDYWGQGTLYTVSSGGGGSGGGGSGGGGSGGGGS
ETTLTQSPATLSVSPGETATLSCRASQSVSSNLAWY QOKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIYYCQQYKNWPPAFG
GGTELEIK

(SEQ ID NO: 60)

US 9150647
2A4

EIEITQTPALMSASPGEKVTMTCSASSSVSY MY WY QQKPRSSPKPWIY
LTSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSSNPYTF
GGGTRLELKGGGGSGGGGSGGGGSGGGGSEVELOQSGPELVKPGASY
KISCKTSGYTFTEY TMHW VK QSHGKSLEWIGGINPNNGGTSYNQKFK
GKATLTVDKSSSTAYMELRSLTSEDSAVY YCALQGFAYWGQGTPLTY
SS

(SEQ ID NO: 135)

Us
2013/6101607
4A5

DIKMTQSPSSMY ASLGERVTITCKASPDINSYLSWFQOK PGKSPRTLIY
RANRLVDGVYPSRFSGGGSGODYSLTINSLEYEDMGIY YCLOYDEFPYT
FGGGTKLEMKGGGGSGGGGSGGGGSGGGGSEVKLOQSGPELYKPGA
SVKISCKTSGY TFTEY TMHW VK QSHGK SLEWIGGINPNNGGTSYNOKF
KGKATLTVDKSSSTAYMELRSLTSEDSAVYYCALQGFAYWGQGTPLT
vSS

(SEQ ID NO: 136)

US 9150647
2A4(2)

EVKLOQSGPELVKPGASVKISCKTSGYTFTEY TMHWVKQSHGKSLEWI
GGINPNNGGTSYNQKFKGKATLTVDKSSSTAYMELRSLTSEDSAVYYC
ALQGFAYWGQGTPLTVSSGGGGSGGGGSGGGGSGGGGSEIEITOTPAL
MSASPGEKVTMTCSASSSVSYMYWYQQKPRSSPKPWIYLTSNLASGVY
PARFSGSGSGTSYSLTISSMEAEDAATY Y COQWSSNPY TFGGGTRLEL
K

(SEQ ID NO: 139)
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Us EVKLOQGSGPELVKPGASVKISCKTSGY TFTEY TMHWVKQSHGKSLEW]
2013/0101607 | GGINPNNGGTSYNQKFKGKATLTVDKSSSTAYMELRSLTSEDSAVYYC
4A5(2) ALQGFAYWGQGTPLTVSSGGGGSGGGGSGGOGSGGOOGSDIKMTQSPS

SMYASLGERVTITCKASPDINSYLSWFQQKPGKSPKTLIYRANRLVDG
VPSRFSGGGSGODYSLTINSLEYEDMGIYYCLQYDEFPYTFGGGTKLE
MK

(SEQ ID NO: 140)

US 10,544,201
2A2

DIVMTQSOKIMSTTVGDRVSITCKASQNVDAAVAWY QQKPGOQSPKLLE
YSASNRYTGVPDRFTGSGSGTDFTLTISNMOSEDLADYFCQOYDIYPRY
TRGGGTRLEIKGGGGSGGGGSGEGGSGGEESQVOLQOQSGAELVRPGA
SVTLSCKASGYTFSDYEMHWVIQTPVHGLEWIGAIDPETGGTAYNGKF
KGKAILTADKSSSTAYMELRSLTSEDSAVYYCTGYYDYDSFTYWGQG
TLVTVSA

(SEQ ID NO: 185)

US 10.544.201
D10

EIVLSQSPAITAASLGOKVTITCSASSNYSYIHWY QQRSGTSPRPWIYEIS
KLASGVPVRFSGSGSGTSYSLTISSMEAEDAAIYVY CQOQWNYPLITFGSG
TKLEIQGGGGSGGGOGSGGOGRGGGHGSOVOLKESGPGLVAPSQTLSITC
TVSGFSLTSYGVHWVROPPGKGLEWLGVIWAGGFTNYNSALKSRLSIS
KDNSKSQVLEEMTSLOTDDTAMYYCARRGSSY SMDYWGQGTSVTVS
S

(SEQ ID NO: 186)

US 10,544,201
Gé

DIKMTQSPSSMY ASVGERVTITCKASQGINSY SGWFQOKPGKSPKTLEY
RGNRLVDGVPSRFSGSGSGQDYSLTISSLEYEDMGIY YCLQYDEFPYTF
GGGTKLEIKGGGGSGOGGSGHGESGGHESEVULQQSGPELEKPGASY
KISCKASGFAFTGYNMNWVKQTNGKSLEWIGSIDPY Y GGSTY NQKFK
DKATLTVBKSSSTAYMQOQLKSETSDDSAVYYCARSPGGDYAMBYWGQ)
GTSVTVSS

(SEQ ID NG: 266)

US 10,344,201

G3

DIQMTOTTSSLSASLGDRVTITCRASODINNYLNWY QUKPDGTVKLLL
YYTSALHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPPY
TFGGGTELEIK
GGGGSGGGGSGGGGSGGGGSOVQLOQPGAELVKPGTSVKLSCKASG
YNFTNYWINWVKLRPGOGLEWIGELY PGSGSTNYNEKFKSKATLTADT
SSSTAYMGQLSSLASEDSALY YCARDGNYYAMDYWGQGTSVTVSS
(SEQ ID NO: 187)

US 10,544,201
H10

DIKMTQSPSSMY ASLGERVTITCKASQDINSY LSWFOQKPGKSPKTLIY
RANRLVDGVPSRFSGSGSGQDY SLTISSLEYEDMGIYYCLOYDEFPY TF
GGGTKLEIK
GGGOSGGGGSGGGGSGGGGSEVRKLVESGGGLY KPGGSLKLSCAASGE
TFSSYAMSWVROTPEKRLEWVASISTGASAYFPDSVKGRFTISRDNAR
NILYLOMSSLRSEDTAMYYCARITTSTWYFDVWGAGTIVTVSS

(SEQ ID NO: 188}

U5 10,544,201

2A2(2)

QVQLOOSGAELVRPGASYTLSCKASGY TFSDYEMHWVIQTPVHGLEW
IGAIDPETGGTAYNQKFKGKAILTADKSSSTAYMELRSLTSEDSAVYY(
TGYYDYDSFTYWGOQGTLVTVSAGGGGSGGGGSGGGGSGGGGSDIVM
TQSGKIMSTTVGDRVSITCKASONVDAAVAWY QOKPGQSPKLLIYSAS
NRYTGVPDRFTGSGSGTDFTLTISNMOQSEDLADY FCOQYDIYPYTFGG
GTKLEIK

(SEQ ID NO: 189)
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Amine Acid Seguence

US 10,344,201
D10(2)

QVOLKESGPGLVAPSQTLSITCTVSGEFSLTSY GVHWVROPPGKGLEWL
GVIWAGGFINYNSALKSRLSISKDNSKSQVLLEKMTSLOTDDTAMYYC
ARRGSSYSMDYWGQGTSVTVSSGGGGRGGOGESGGGESGGGGREIVLS
QSPAITAASLGOQEVTITCSASSNVSYIHWY QOQRSGTSPRPWIYEISKLAS
GYPVRFSGSGSGTSYSLTISSMEAEDAAIYYCOQOQWNYPLITFGSGTKLEL
Q

e

(SEQ ID NG: 1903

US 10.544.201
G6(2)

EVQLOQSGPELEKPGASVKISCKASGFAFTGYNMNWVKQTNGKSLEW
IGSIDPYYGGSTYNQKFKDKATLTVDKSSSTAYMOQEKSLTSDDSAVYY
CARSPGOGDYAMDYWGQGTSVTVSSGGGGSGOGGHSGGGGSGGGESDE
KMTQSPSEMYASVGERVTITCKASQGINSY SGWFQOKPGKSPKTLIYR
GNRLVDGVPSRESGSGSGODYSLTISSLEYEDMGIYYCLOY DEFPYTFG
GGTKLEIK

(SEQ ID NG: 267}

US 10.544.201
G3(2)

OVOLOOPGAELVKPGTSVKLSCRASGYNFINY WINWVKLRPGOGLE
WIGEIY PGSGSTNYNEKFKSKATLTADTSSSTAY MOQLSSLASEDSALYY
CARDGNYYAMDYWGQGTSVTYSSGGGGSGGGGSGGGGEGGGHES
BIQMTQTTSSLSASLGDRVTITCRASODINNYLNWY QQKPDGTVKLLI
YYTSALHSGVPSRFSGSGSGTDY SLTISNLEQEDIA TYFCQQGNTLPPY
TFGGGTRLEIK

(SEO ID NO- 191)

US 10,344,201
H10(2)

EVKLVESGGGLVEPGGSLKLSCAASGETFSSYAMSWVROTPEKRLEW
VASISTGASAYFPDSVEGRFTISRDNARMILYLOQMSSLRSEDTAMYYCA
RITTSTWYFDVWGAGTTVTVESGGOGSGGGGSGGGGSGGEES
DIKMTQSPSSMY ASLGERVTITCKASQDRINSY LSWFQOKPGKSPKTLYIY
RANRLVDGVPSRFSGSGSGODYSLTISSLEYEDMGIYYCLOQYDEFPYTF
GOGOTKLEIK

(SEQ ID NG: 192)

{8165]  In some embodiments, bispecific proteins of the present disclosure comprise an scFv

that specifically binds ROR1 comprising an amino acid sequence having at feast 90% sequence

dentity {e.g., at lcast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
icast 97%, at least 98%, at least 99%, or 100%) to SEQ ID NG 41, SEQ ID NG: 42, SEQ ID
NG: 43, SEQ ID NO: 44, SEQ ID NQ: 45, SEQ ID NO: 46, SEQ ID NG: 47, SEQ 1D NO: 48,
SEQ ID NG: 49, or SEQ ID NO: 39,

[0166]  In some embodiments, bispecific proteins of the present disclosure comprise two

scFvs that specifically bind ROR1, each comprising an amino acid sequence having at least 90%

sequence wdentity {e.g, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 969, at least 97%, at lcast 98%, at least 99%, or 100%) to SEQ ID NGO 41, SEQ D NO:
42, SEQG TDNQG: 43, SEQ ID NG: 44, SEQ TD NO: 45, SEQ ID NQG: 46, SEQ 1D NO: 47, SEQ
D NG: 48, SEQ ID NQO: 49, or SEQ ID NG: 59
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{0167]  In some embodiments, bispecific proteins of the present disclosure comprise an scFv
that specifically binds ROR 1 comprising an amino acid sequence having at least 90% sequence
identity {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%) to SEQ ID NG: 41,

{0168]  In some embodiments, bispecific proteins of the present disclosure comprise two
scFvs that specifically bind ROR]1, cach comprising an amino acid sequence having at least 90%
sequence identity {e.g., at lcast 91%, at least 92%. at least 93%, at least 94%, at least 95%, at

lcast 96%, at least 97%, at least 98%, at least 999, or 100%) to SEQ [ NO: 41,

{8169} In some emboduments, bispectfic proteins of the present disclosure comprise an scFy
that specifically binds ROR1 comprising an amino acid sequence having at least 90% sequence
wdentity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

Teast 97%, at least 8%, at least 99%, or 10096) to SEQ I NG: 42.

[0176]  In some embodiments, bispecific proteins of the present disclosure comprise two
sckFvs that specifically bind RORI1, each comprising an amino acid sequence having at least 90%
sequence wdentity {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%) to SEQ ID NO: 42,

{171]  In some embodiments, bispecific protens of the present disclosure comprise an scFy
that specifically binds ROR1 comprising an amino acid sequence having at least 90% sequence
identity {e.2., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

Ieast 97%, at least 98%, at least 99%, or 100%) to SEQ ID NG: 5.

91721  In some embodiments, bispecific proteins of the present disclosure comprise two
scFvs that specifically bind ROR1, each comprising an amino acid sequence having at least 90%
scquence identity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at

fcast 969, at least 97%, at least 98%, at least 99%, or 100%;) o SEQ ID NG: 59
L8 Polypeptides or Complexes of Tweo or Move Polypeptides that Specifically Bind CD3

{0173]  Bispecific proteins of the present disclosure comprise a polvpeptide or complex of two
or more polypeptides that specifically bind B3 on the surface of T cells. 1o some
embodiments, polypeptides or complexes of two or more polypeptides specifically bind the
CD3e chain of the CD3/T cell receptor complex, which s broadly expressed on all mature T
lymphocytes, for example, gf T cells, v8 T cells, NK-T cells, mucosal-associated invanant T
(MAIT) cells, and their phenotypic subsets. In some embodiments, binding of the CD3e chain

mduces activation of the T cell when bridged to ROR1.
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{9174]  Asused herein, a polypeptide or complex of two or more polypeptides that
specifically binds €3, 1s a polypeptide or complex of two or more polypeptides that

specifically binds CD3s (SEQ TD NO: 2693,

{8175  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds CD3 inclades, but 1s not Iimited to: a Fab, an antibody, a Fab’, a F{ab™)z, a
single~chain variable fragment {scFv), a minibody, or a nanchody (VHH).

{0176]  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds ROR I includes, but is not imited 1o, a single~chain varable fragment (scFv},
an antibody, a Fab, a Fab’, a F(ab™)2, a minibody, or a nancbody (VHH}. For example, 10 some
embodiments, bispecific proteins of the present disclosure comprise two scFv polypeptides that

cach specifically bind 1o the Ig-like domain of ROR1L

{0177  In some embodiments, a polypeptide or complex of twa or maore polypeptides that
specifically binds CD3 comprises a VH domain and a VL domain. TABLE 4 lists VH and VL
CDRs that, in combination, can specifically bind to CD3. In some embodiments, a polypeptide
or complex of two or more polypeptides that specifically binds CD3 comprises VHCDRI,
VHCDR2, VHCDR3, VLODRI, VLCDR2, and VLCDR3 sequences selected from the
VHCDRIL, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and VLCDR3 sequences histed 10
TABLE 4, determined vnder IMGT umique numbering scheme, Kabat (see Kabat et al,, (1991)
Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242, Bethesda},
Chothia (sce, e.g., Chothia C & Lesk A M, (1987), J. Mol Biol. 196: 901-917), MacCallum {(sce
MacCallum R Metal,, (1996} I Mol. Biol. 262: 732-745}, or any other CDR deternunation

method known in the art.

{0178]  Unless indicated otherwise, the CDR sequences provided in TABLE 4 are determined
under the IMGT unigue numbering scheme.

{0179]  TABLE 4: VHCDR and VLCDR seguences for polypeptides or complexes of two
or more polypeptides that specifically bind CD3

Heavy Chain Light Chain
CDRI
GFTFNTYA TGAVTISN
(SEQ ID NO: 61) (SEQ 1D NO: 64)
CDR2
RSKYNNYAT GT
(SEQ ID NO: 62)
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CDR3
VRHGNFGX1X2YVSWFAY ALWYSNLWY

wheremn X1i1s N, A, or E, and {(SEQ ID NO: 66)
X:isSorA

(SEQ ID NO: 67)

VRHGNFGNSYVSWFAY

(SEQ ID NO: 63)
VRHGNFGASYVSWFAY

(SEQ 1D NO: 68)
VRHGNFGESY VSWFAY

(SEQ ID NO: 69)
VRHGNFGNAYVSFAY

(SEQ ID NO: 70)

{8180] In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds CD3 comprises: (1) a VHUDR 1 comprising an amino acid sequence of SE(}
D NG: 61 (1) a VHCDR2 comprising an amino acid sequence of SEQ 1D NO: 6Z; (1) a
VHCDR3 compnising an amino acid sequence of SEQ IR NG: 67, (iv) a VLUDRI comprising
an amino acid sequence of SEQ ID NQO: 64, (v) a VLCDR2 comprising an aming acid sequence
of GT; and (v} 2a VLCDR3 comprising an anuno acid sequence of SEQ ID NO: 66, For
example, in some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds CD3 comprises a VHCDR3S comprising an amino acid sequence of SEQ 1D
NO: 63, SEQ 1D NO: 68, SEQ ID NO: 69, or SEQ 1D NO: 70.

{0181]  In certamn embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds D3 comprises: (1) a VHCDRI comprising an amino acid seqaence of SEQ
1D NG: 61; (18) a VHCDRZ comprising an amino acid sequence of SEQ 1D NO: 62; (di) a
VHCDR3 comprising an aming acid sequence of SEQ H) NG: 63; (iv) a VLCDRI comprising
an amino acid sequence of SEQ 1D NO: 64, (v} a VLCDR2 comprising an amino acid seguence
of GT; and (vi} 3 VLCDR3 compnising an aming acid sequence of SEQ B NO: 66.

{0182]  In some embodiments, a polvpeptide or complex of two or more polypeptides that
specifically binds UD3 comprises: (1) a VHCDRI comprising an amino acid seqaence of SEQ
1D NG: 61, (1) a VHCDRZ comprising an amino acid sequence of SEQ 1D NO: 62; (i) a
VHCDR3 comprising an amino acid sequence of SEQ 1D NG: 68; (iv)y a VLCDRI comprising
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an amino acid sequence of SEQ ID NO: 64, (v) a VLCDR2 comprising an aming acid scguence

of GT; and {(vi) 2a VLCDR3 comprising an amino acid sequence of SEQ ID NO: 66.

[0183]

TABLE 8§ lists amino acid sequences of exemplary VH and VL domains that, in

combination, can specifically bind to CD3. In some embodiments, polypeptides or complexes of

two or more polvpeptides of the present disclosure comprise VH and VL having at least 90%

sequence identity {e.g2., at least 91%, at least 92%, at least 93%, at least 4%, at least 959, at

icast 96%, at least 97%, at least 98%, at least 99%, or 100%} to VH domain and VL sequences
listed in TABLE 8. In contain embodiments, the VHCDRI, VHCDRZ, and VHCDR3S and the
VLCDRI, VLCDRZ, and VLCDR3 sequences are determined under IMGT unique nambering

scheme, Kabat (see Kabat et al., {1991) Sequences of Proteins of nmunological Interest, NIH
Publication No. 91-3242, Bethesda), Chothia (see, e.g., Chothia € & Lesk A M, (1987}, §. Mol.
Biol. 196: 901-917), MacCallum (see MacCallum R M et al, {1996} J. Mol Biol. 262: 732-745),

or any other CDR deternunation method known in the art, of the VH and VL sequences

disclosed in in Format 1A or Format 1B.

[0184]

ander the IMGT unigue numbening scheme.

[0185]

polypeptides that specifically bind CD3

Unless indicated otherwise, the CDR sequences provided in TABLE 5 are determined

TABLE 5: VH and VL sequences for polypeptides or complexes of two or more

Clone

Aming Acd Sequence

IF35

Heavy Chain Vanable Bomain (VHY

EVQOLVESGGGLVOPGGSLRLSCA
ASGFTFNTYAMNWYVROAPGKGL
EWVARIRSKYNNYATYYADSVK
DRFTISRBDSENTLY LOMNSLRA
EDTAVYYCVRHGNFGNSYVSWE
AYWGOGTMYTVSS

(SEQ ID NO- 80)

CDRI - GFTFNTYA

(SEQ ID NO- 61)
CDR2 - IRSKYNNYAT

(SEQ ID NO- 62)
CDR3 - VRHGNFGNSY VSWFAY

(SEQ ID NO: 63)

Light Chamn Variable Domain (VL)

QAVVTQEPSLTVSPGGTVTLTCRS
STGAVTISNY ANWVQQKPGQAP
RGLIGGTNKRAPGTPARFSGSLLG
GRKAALTLSGVOPEDEAEYYCAL
WYSNLWVFGGGTKLTVL

(SEQID NGO 81)

CDR1 - TGAVTTSN
{(SEQ IDNO: 64)
CDR2 -GT

CDR3 - ALWYSNLWY
{(SEQ ID NO: 66)

1F35v101

Heavy Chain Yanable Domaun (VH)

EVQLVESGGGLVUPGGSLKLSCA
ASGFTFNTY AMNWVYRQASGKGL
EWVORIRSKYNNYATYYADSVE
GRETISRDDSKNTLYLOMNSLKT

QTVVTQEPSLTVSPGGTVTLTCAS
STGAVTTSNY ANWVQQKPGQAP
RALIGGTNKRAPGTPARFSGSLLG
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Clone

Aming Acd Sequence

EDTAVYYCVRHGNFGNSY VAWT
AYWGOGTMVTVSS
(SEQ TD NO: 71)

CDRI - GFTFNTYA

(SEQ ID NO: 61)
CDR2 - IRSKYNNYAT

(SEQ ID NO: 62)
CDR3 - VRHGNFGNSYVSWFAY

(SEQ ID NO: 63)

GKAALTLSGVOPEDEAEYYCAL
WYSNLWVFGGGTKLTVL
(SEQ IDNO: 76)

CDR] - TGAVTTISN
(SEQ ID NQ: 64}
CDR2Z - GT

CDR3 - ALWYSNLWY
(SEQ ID NO: 66)

1IF3.5v1.03

Heavy Chain Vanable Domain (VH

EVOLYVESGGGLVOQPGGSLELSCA
ASGFTFNTY AMNWYRGASGKGL
EWVGRIRSKYNNYATYYADSVE
GRETISEDDSKNTLYLOMNSLKT
EDTAVYYCVRHGNFGASY VAW
AYWGOQGTMVTVSS

(SEQ TD NO: 72)

CDRI - GFTFNTYA

(SEQ ID NO: 61)
CDR2 -~ IRSKYNNYAT

(SEQ ID NO: 62)
CDR3 - VRHGNFGASYVSWFAY

(SEQ ID NO: 68)

Light Cham Variable Domain (VL

QTVVTQEPSLTVSPGGTVTLTCAS
STGAVTITSNY ANWVQOKPGQAP
RALIYGTNKRAPGTPARFSGSLLG
GKAALTLSGVQPEDEAEYYCAL
WY SNLWVFGGGTKLTVL

(SEQ ID NO: 78}

CDRI1 - TGAVTTSN
(SEQIDNO: 64)
CDR2 - GT

CDR3 - ALWYSNLWV
(SEQ ID NO: 66)

IF35v1.02

Heavy Chain Variable Domain (VH

EVOLVESGGGLVOPGGSLKLSCA
ASGFTFNTYAMNWVYRQASGKGL
EWVGRIRSKYNNYATYYADSVK
GRETISRDDSENTAYVLOMMNSLKT
EDTAVYYOVRHONFGONSY VSWE
AYWGOGTMYTVSS

(SEQ ID NO: 73)

CDR1 - GFTFNTYA
(SEQ ID NO- 61)
CDR2 - IRSKYNNYAT
(SEQ ID NO- 62)
CDR3 - VRHGNFGNSYVSWFAY
(SEQ ID NO: 63)

Light Chain Variable Domain (VL

QTVVTQEPSLTVSPGGTYTLTCAS
STGAVTTSNY ANWFQQKPGQAP
RALIGGTNKRAPGTPARFSGSLLG
GKAALTLSGVQPEDEAEYYCAL
WYSNLWVEGGGTKLTVL

(SEQ IDNO: 77)

CDRI - TGAVTTSN
(SEQ ID NO: 64)
CDR2 - GT

CDR3 - ALWYSNLWY
(SEQ ID NO: 66)

IF35vi.04

Heavy Chain Variable Domain (VH)

EVOLVESGUGLYVOPGGSLELSCA
ASGFTFNTYAMNWVYROQASGKGL
EWVORIRSKYNNYATYYADSVK
GRFTISRDDSENTLYLOMNSLET
EDTAVYYCVRHGNFGESYVEWF
AYWGQGTMYTVSS

(SEQ 1D NO- 74

Light Chain Variable Domain (VL)
QTVVTQEPSLTVSPGGTVTLTCAS
STGAVTTISNY ANWFQQKPGQAP
RALIYGTNKRAPGTPARFSGSLLG
GEAALTLSGVQPEDEAEYYCAL
WYSNLWVFGGGTKLTVL
(SEQIDNG: 79
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Clone

Aming Acd Sequence

CDR1 - GFTFNTYA

(SEQ ID NO: 61)
CDR2 - IRSKYNNYAT

(SEQ ID NO- 62)
CDR3 - VRHGNFGESY VSWFAY

(SEQ 1D NO: 69)

CDR1 - TGAVTTSN
(SEQ IDNO: 64)
CDR2 - GT

CDR3 - ALWYSNLWV
(SEQ 1D NO: 66)

IF35v1.05

Heavy Chain Varable Domaun (VH)

EVOLVESGGGLVOPGOSLKLSCA
ASGFTENTY AMNWVROASGEGL
EWVGRIRSKYNNYATYYADSVE
GRFTISRDDSKNTAYLOMNSLKT
EDTAVYYCVRHGNFGNAYVSFA
YWGOGTMYTVSS

(SEQ ID NO: 75)

CDRI - GFTFNTYA
(SEQ ID NO: 61)
CDR2 - IRSKYNNYAT
(SEQ ID NO: 62)
CDR3 - VRHOGNFGNAYVSFAY
(SEQ ID NO: 70)

Light Chain Vaniable Domain (VL

QTVVTQEPSLTVSPGGTVTLTCAS
STGAVTTSNY ANWVQOKPGQAP
RALIGGTNKRAPGTPARFSGSLLG
GKAALTLSGVQPEDEAEYYCAL
WYSNLWVFGGGTKLTVL

(SEQ ID NO: 76)

CDRI - TGAVTTSN
(SEQ ID NO: 64)
CDR? - GT

CDR3 - ALWYSNLWY
(SEQ ID NO: 66)

[0186]

In some embodiments, a polypeptide or complex of two or more polypeptides that

specifically binds CD3 comprises: (i) a VH having at least 90% sequence identity {e.g., at least

91%, at least 92%,

at least 93%, at least 94%, at least 95%, at least 96%, at least 979, at least

98%, at least 99%, or 100%;) to SEQ D NO: 71, SEQ 1D NO: 72, SEQ 1D NO: 73, SEQ 1D NO:
74, SEQ ID NG: 75 or SEQ 1D NO: 80; and (1) a VL having at least 90% sequence wdentity

{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%) to SEQ ID NG: 76, SEQ ID NG: 77, SEQ ID NG: 78,
SEQ D NO: 79, or SEQ ID NG: 81,

{0187}  In some embodiments, a polypeptide or complex of two or more polypeptides that
specifically binds D3 comprises: (i) a VH having at least 90% sequence identity {e.g., at least
91%, at least 92%, at least 93%, at least 9495, at least 939, at least 96%, at least 97%, at least
98%, at lcast 99%, or 100%) to SEQ 1D NO: 72; and (1) a VL having at least 90% sequence
identity {e.g2., 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%) to SEQ ID NG: 81,

{0188]  In some embodiments, a polvpeptide or complex of two or more polypeptides that
specifically binds CD3 comprises: (1) a VH having at least 0% sequence identity {e.g., at least
91%, at least 92%. at lcast 93%, at lcast 94%, at least 95%, at least 969%, at least 97%, at least
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98%, at least 99%, or 100%) to SEQ ID NG: 71; and (i) a VL having at least 90% soquence

dentity {e.2., 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%;) to SEQ ID NG: 76.

{0189]  In some embodiments, a polypeptide or complex of two or more polypeptides that

specifically binds CD3 15 1n a Fab format. TABLE 6 lists polypeptide sequences of heavy

chamns (HC) and light chains (1.C) that, in combination, can specifically bind to CD3. In some

embodiments, the heavy chain and the light chaing are arranged in Fab format having HC and

LC sequences at feast 90% identical {e. 2., at least 91%, at least 92%, at least 93%, at feast 94%,

at Teast 959, at least 96%, at least 97%, at least 98%, at least 99%, or 100%) to HC and LC

sequences listed 10 TABLE 6.

{0190] TABLE 6: Heavy chain and light chain sequences for antigen binding sites in Fab

format that specifically bind CD3

Clone Amine Acid Sequence
Heavy Chain
{F3.3 EVQLVESGGGLYVOQPGGSLRLSCAASGFTENTY AMNWVRQAPGRGLE

WVARIRSKYNNYATYYADSVKDRFTISRDDSKNTLY LOMNSLRAEDT
AVYYCVRHGNFGNSY VSWFAYWGQGTMVTVSSASTKGPSVFPLAPSS
KSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVYPSSSLGTOTYICNVNHKPSNTKVDKKY

(SEQ ID NO: 93)

{F3.5 VHI 0L

EVQLVESGGGLVOPGGSLKLSCAASGFTINTY AMNWYVROASGKGLE
WVGRIRSKYNNYATYYADSVEKGRFTISRDDSKNTLYLOMNSLKTEDT
AVYYCVRHGNFGNSYVSWFAYWGQOTMVTVSSASTKGPSVEPLAPSS
KSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLY
SLASVVTVPSSSLOTQTYICNVNHKPSNTKVDEKY

(SEQ ID NG: 83)

1F3.5 VHI.03

EVOLVESGGOLVOPGGSLKLSCAASGEFTINTY AMNWYVROASGRGLE
WVGRIRSKYNNYATYYADSYVKGRFTISRDDSKNTLY LGMNSLKTEDT
AVYYCVRHGNFGASYVSWFAYWGOGTMVTVSSASTKGPSVFPLAPSS
KSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGYHTFPAVLOSSGLY
SLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKY

(SEQ ID NO: 82)

1F3.5_VHL.OZ

EVOLVESGGGLYVOQPGGSLELSCAASGFTFNTYAMNWYRQASGHGLE
WYGRIRSKYNNYATYYADSVEGRFTISRDDSENTAYLOMMNSLKTEDT
AVYYOVRHGNFONSY VSWEFAYWGOGTMYTYSSASTKGPSVEPLAPSS
KSTSGOGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLQSSGLY
SLESVVTVPSSSLGTOTYICNVNHKPSENTKVBKRY

(SEQ ID NOG: 108}

1F3.5 VHi.04

EVOLVESGOGLVUPGOSLELSCAASGFTFNTY AMNWVROASGRKGLE
WYGRIRSKYNNYATY YADSVEGRFTISRDDSKNTLYLOMNSLETEDT
AVYYCOVRHONFGESY VESWEAYWGQGTMVTVESASTKGPSVEPLAPSS
KSTSGOGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLOGTQTYICNVNHKPSNTKVDERY

(SEQID NO: 111
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Clone

Amine Acid Seguence

1F3.5_VHL.05

EVOLVESGGGLYOPGGSLKLSCAASGFTFNTYAMNWVROASGKGLE
WVGRIRSKYNNY ATYYADSYVKGRFTISRDDSKNTAYLOMNSLETEDT
AVYYOVRHONFGNAYVSFAYWGRGTMYTVSSASTKGPSVEPLAPSSK
STSGGTAALGCLVKDYFPEPYVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNYVNHEPSNTKVDKKY

(SEQ ID NO: 114)

Light Chain

QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQOKPGQATPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCALWYS
NLWVFGGGTKLTVL
GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSP
VEAGVETTTPSKQSNNKY AASSYLSLTPEQWKSHRSYSCQVTHEGSTV
EKTVAPTECS

(SEQ ID NO: 84)

IF3.5 VLG

QTVVTQEPSLTVAPGGTVILTCASSTGAVTTSNY ANWVOQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVOQPEDEAEYYCALWYS
NLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELOANKATLVCLISDEYE
GAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH
RSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 85)

1F3.5 VL1.03

OTVVTQEPSLTVSPGGTVILICASSTGAVTISNY ANWVQOKPGOAPR
ALIYGTNKRAPGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCALWYS
NLWVFGGGTKLTVLGQPKAAPSYTLFPPSSEELQANKATLYCLISDFYP
GAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH
RSYSCQVTHEGSTVEKTVAPTECS

(SEQ 1D NO: 119)

{F35 VL1.02

QTVVTQEPSLTVSPGGTVTLTCASSTGAVTTSNY ANWFQQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWYS
NLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYP
GAVTVAWKADSSPVKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSH
RSYSCOVTHEGSTVEKTVAPTECS

(SEO 1D NO: 120)

IF3.5 VLI 04

QTVVTQEPSLTVSPGGTVTLTCASSTGAVTTSNYANWFOQKPGOAPR
ALIYGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWYS
NEWVEFGGOGTKLTVLGOPKAAPSVTLEPPSSEELQANKATLVCLISDEYP
GAVTVAWKADSSPVKAGVETTIPSKQSNNKYAASSYLSLTPEQWEKSH
RSYSCQVTHEGSTVEKTVAPTECS

(SEQID NOG: 121)

1F35 VL1.05

QTVVTQEPSLTVEPGGTVILTCASSTGAVTTSNY ANWVOQQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWYS
NLEWVFGGGTRLTIVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFY?P
CAVIVAWKADSSPVEAGVETTIPSKQSNNKYAASSYLSLTPEQWKSH
RSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NG 1223

{0191} In some emboduments, bispecific proteins of the present disclosure comprise a Fab
that specifically binds CD3 comprising a heavy chain comprising an amino acid sequence having

at least 90% sequence identity {e.g., at least 91%, at least 92%, at least 93%, at least 94%, at
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least 95%, at least 96%, at least 97%. at least 98%, at least 99%, or 100%) to SEQ ID NO: 82 or
SEQ D NO: 83, and a light chain comprising an anuno acid sequence having at feast 90%
sequence wdentity {e.g., at least 81%, at least 92%, at least 939, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 9%, or 100%) to SEQ 1D NG 84 or SEQ ID NO:
43

{0192]  In cerfain emboduments, bispecific proteins of the present disclosure comprise a Fab
that specifically binds CD3 comprising a heavy chain comprising an amino acid sequence having
at least 90% sequence identity {(e.g., at least 91%, at least 92%, at lcast 93%, at least 94%, at
Icast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 10096) to SEQ 1D NOG: 82,
and a light chain comprising an amino acid sequence having at least 90% sequence identity {e.g.,
at least 919, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at keast 97%, at

least 989, at teast 99%, or 100%) to SEQ 1D NQ: 84,

{0193]  In certain embodiments, bispecific proteins of the present disclosure comprise a Fab
that specifically binds CD3 comprising a heavy chain comprising an anino acid sequence having
at least 90% sequence 1dentity (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%) to SEQ D NG: 83,
and a light chain comprising an amino acid sequence having at least 90% sequence identity {e.g,
at lcast 91%, at least 92%, at least 93%, at least 949%, at lcast 93%, at least 96%, at least 97%, at

least 989%, at least 99%, or 100%) to SEQ D NO: 85,

{0194]  In some embodiments, a partial hinge {for example, a polypeptide having the sequence
of EPKSC (SEQ 1D NGO: 133}} is connected to the C-ternunus of a CHI domain of a Fab heavy
chain (HC) that specifically binds CD3 and forms a disalfide bond with the Fab light chain (LC)
that specifically binds CD3.

LC  Bridging Moicties

{0195]  In some embodiments, bispecific proteins of the present disclosure further comprise a
bridging moiety. In certain ermbodiments, the bridging moicty may be non~functional, i e.
merely serves as a structaral connection and/or appendage and does not perform a biological
function or have a biological purpose. In other embodiments, the bridging moiety is functional

and has a biological function in the context of the protein.

{0196]  In some embodiments, the N-terminus of the bridging moiety is connected to the C-
terminus of a polypeptide or complex of two or more palypeptides that specifically binds CD3
and the C-terminus of the bridging moiety is conuected to the N-terounus of a polypeptide or
complex of two or more polypeptides that specifically binds ROR1. In some embodiments, the
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N-terminus of the bridging moicty is further connecied to the C-terminus of a second
polypeptide or second complex of two or more polypeptides that specifically binds ROR1. In
some embodiments, the bridging moiety comprises two polypeptide arms, wherein the N-

termings of a first polypeptide arm is connected to the C-terminas of a polvpeptide or complex

L4

of two or more polypeptides that specifically binds CD3, the C-termuinus of a second polypeptide
am is connected to the N-iernuinus of a polypeptide or complex of two or more polvpeptides
that specifically binds ROR1, and the N-terminus of the second polypeptide arm is connected to
the C-terminus of a second polypeptide or second complex of two or more polypeptides that

specifically binds RORL

10 {81971  In some embodiments, the N-ternunus of the bridging moiety is connected to the C-
terminus of a polypeptide or complex of two or more polypeptides that specifically binds ROR1
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 CD3. In some embodiments, the N-
terminus of the bridging moiety is further connected to the C-terminus of a second polypeptide

15 orsecond complex of two or more polypeptides that specifically binds ROR1. o some
embodiments, the bridging moiety comprises two polypeptide arms, wherein the N-terminus of a
first polypeptide anm is connected to the C-terminus of a polypeptide or complex of two or more
polvpeptides that specifically binds ROR1, the C-terminus of the first polypeptide am is
connected to the N-terounus of a polypeptide or complex of two or more polypeptides that

20 specifically binds CD3, and the N-tetmmus of a sccond polvpeptide arm 1s connected to the C-
terminus of 3 second polypeptide or second complex of two or more polypeptides that
specifically binds ROR L
{8198]  In some cmbodiments, the bridging motety comprises, but 18 not hmited to, a strand-
cxchange engineered domain (SEED) format Fo domain or functional fragment thereof, an

25 wmunoglobulin Fe domain or functional fragment thercof, a polypeptide linker, ora
polypeptide hinge.

SEED Format Fc Domain

{01991  In certam embodiments, the bridging motety comprises a SEED format Fe domaimn or
functional fragment thereof comprising two asymmetric, complementary polvpeptide arms,

30 designated AG and GA, each comprising alternating sequences of IgA and {gG CH3 domains.
In some embodiments, the AG and GA polypeptide arms of the SEED format Fe domain
comprise alternating sequences of human IgA and IgG CH3 domams. In some embodiments, a
SEED format Fe domain promotes AG/GA heterodimerization and disfavors AG and GA

homodimers.
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{0208]  Within an Fe domain, CD 16 binding s mediated by the hinge region and the CHZ
domain. For exarople, within hurnan IgG1, the interaction with CD 16 is primardy focused on
amino acid residues Asp 265 — Glu 269, Asn 297 - Thr 299, Ala 327 -~ He 332, Leu 234 — Ser
239, and carbohydrate residue N-acetyl-D-ghicosamine in the CHZ domain (see, Sondermann ot
al., Nature, 406 {6793}:267-273}, numabered according to the EU index as in Kabat. Based on the
known domains, mutations can be selected to enhance or reduce the binding affinity to CDI6,
such as by using phage-displayed libraries or yeast surface-displaved ¢DNA libraries, or can be
designed based on the known three-dimensional structure of the interaction. Accordingly, in
certain embodiments, a SEED format Fo domain or functional portion thercof comprises a hinge

polvpeptide and a CH2 domain.

{0281}  In some crabodiments, the SEED format AG polypeptide arm and GA polyvpeptide
arm cach comprise one or more mutation(s) to reduce binding to an Foy receptor {e.g., FoyRY,
FeyRHA, FeyRIIB, FoyRIIA, or FoyRUIB) or a complement component {e.g., Clg) m the first
and/or second polypeptide arms of the SEED format Fe domain. Such mutations are useful for
reducing cffector functions. For example, a bispecific protein of the present disclosure mchudes
LALA {(1.234A and L233A) mutations, LALAPA {L.234A, L235A, and P329A) mutations,
LALAPG (L234A, L235A, and P329G) mutations, or LALEGAASPS (L234A L235E, G237A,
A3308, and P3318) mutations. In some embodiments, the terminal lysine residue of a SEED
format Fc domain 1s mutated (K4474) or deleted (K4474). In some embodiments, amino acids
at any one or more of positions 322, 330, 331, 355, and 358 may be mutated. The positions of
the amine acid substitutions are all munbered according to the EU index as in Kabat, unless

otherwise stated.

{0282] TABLE 7 lists polypeptide sequences of SEED format AG and GA polypeptide arms
that heterodimerize with each other at their respective CH3 domains. In some embodiments,
bispecific proteins of the present disclosure comprise: (1) an AG polypepuide arm having an
anuno acid sequence at least 90% identical {e.g., at least 919, at least 92%, at least 93%, at least
949, at feast 93%, at least 96%, at lecast 97%, at least 98%, at least 999%, or 100%) to an AG
polypeptide amm sequence listed in TABLE 7; and (11} a GA polypeptide arm having an amino
acid sequenee at feast 90% identical {e. g, at least 91%, at least 92%, at least 93%, at least 94%,
at least 959, at least 96%, at least 97%, at least 98%, at least 99%, or 100%} to an GA

polvpeptide arm sequence listed m TABLE 7.
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TABLE 7: Exemplary SEED format Fe domain sequences

Al Arm

A Arm

Parental

PSVFLFPPKPRDTLMISRTPEVTC
VYVDVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VLTYLHODWLNGKEYKCK VSN
KALPAPIEKTISKAKGOPFRPEVH
LLPPSREEMTKNQVSLTCLARGF
YPKDIAVEWESNGOQPENNYKTTP
SROEPSQGTTTFAVTSKLTVDKS
RWOQGNVFSCSVMHEALHNHY
TOKTISLSPGK

(SEQ ID NO- 88)

PSVFLFPPKPEDTLMISRTPEVICY
YVDVSHEDPEVKFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLT
VLIHGDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPP
SEELALNELVTLTCLVKGFRYPSDI
AVEWLQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWEKG
DTFSCSYMHEALHNHYTQKSLDR
SPGK

{(SEQ ID NG: 89}

{2402

PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKENWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCKVSN
KALGAPIEKTISKAKGQPFRPEVH
LLPPSREEMTKNQVSLTCLARGF
YPKDIAVEWESNGQPENNYKTTP
SROEPSQGTTTFAVTSKLTVDKS
RWQOGNVFSCSVMHEALHNHY
TQKTISLSPGK

(SEQ ID NO: 86)

PSVFLFPPKPKDTLMISRTPEVTCVY
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALG
APIEKTISKAKGQPREPQVYTLPPP
SEELALNELVTLTCLVKGFYPSDI
AVEWLQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWKKG
DTFSCSVMHEALHNHYTOKSLDR
SPGK.

(SEQ ID NO: 87)

69A02

PSVFLFPPKPRDTLMISRTPEVTC
VYVDVSHEDPEVKENWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTYLHOQDWLNGKEYKCAVSN
KALAAPIEK TISKAKGOPFRPEVH
LLPPSREEMTKNQVSLTCLARGF
YPKDIAVEWESNGQPENNYKTTP
SROEPSQGTTTFAVISKLTVDKS
RWOQQGNVFSCSYMHEALHNHY
TQKTISLSPGK

(SEQ ID NOG: 117

PSVFLFPPRPEDTLMISRTPEVTCY
YVDVSHEDPEVKENWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCAVSNKALA
APIEKTISKAKGQPREPQVYTLPPP
SEELALNELVTLTCLVKGFYPSDI
AVEWLOQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWEKG
DTFSCSYMHEALHNRFTQKSLDR
SPGK

(SEQ ID NO: 118)

Parental
{CH3)

GQPFRPEVHLLPPSREEMTKNGQV
SLTCLARGFYPKDIAVEWESNGO
PENNYKTTPSROEPSQGTTTFAV
TSKLTVDKSRWOQQGNVFSCSVM
HEALHNHYTQKTISLSPGK

(SEQ ID NQ: 296)

GQPREPQVYTLPPPSEELALNELY
TLTCLVKGFY PSDIAVEWLOGSQ
ELPREKYLTWAPVLDSDGSFFLYS
ILRVAAEDWKKGDTFSCSVMHEA
LHNHYTQKSLDRSPGK

(SEQ ID NG: 297)

82102
(CH3)

GOPFRPEVHLLPPSREEMTKNQVY
SLTCLARGFYPEKDIAVEWESNG(Q
PENNYKTTPSRQEPSQGTTTFAY
TSKLTVDEKSRWOOGNVFSCSVM
HEALHNHYTOKTISLSPGK

(SEQ ID NOG: 298%)

GOPREPQOVYTLPPPSEELALNELV
TLTCLVKGFYPSDIAVEWLQGSQ
BLPREKYLTWAPVLDSDGSFFLYS
ILRVAAEDWKKGDTFSCSVMHEA
LHNHY TQKSLDRSPGK

(SEQ 1D NO: 299)

69A02
(CH3)

GQPFRPEVHLLPPSREEMTENQV
SLTCLARGFYPKDIAVEWESNGQ
PENNYKTIPSROEPSOGTTTFAV

GOPREPQVYTLPPPSEELALNELV
TLTCLVKGEYPSDIAVEWLQGSQ
ELPREKYLTWAPVLDSDGSFFLYS
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TSELTVDKSRWQOQGNVESCSVM | ILRVAAEDWEKGDTFSCSVMHEA

HEALHNHY TQKTISLSPGK LHNRFTQKSLDRSPGK
(SEQ 1D NO: 300) (SEQ 1D NO: 301)

{0234]  In some embodiments, bispecific proteins of the present disclosure comprise a
bridging moiety comprising a SEED format AG polypeptide arm comprising an amine acid
sequence having at least 890% sequence dentity (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%:) to SEQ
D NG 86, SEQ ID NG 117, or SEQ 1D NO: 88, and a SEED fommat GA polypeptide arm
comprising an amino acid sequence having at least 90% sequence dentity {e. g, at least 91%, at
feast 929, at least 93%, at least 94%. at least 95%, at least 96%, at least 97%, at least 98%, at

ieast 99%, or 100%) to SEQ ID NO: 87, SEQ I NO: 118, or SEQ 1D NO: 89

{8285]  In cortamn embodiments, bispectfic proteins of the present disclosure comprise a
bridging moicty comprising a SEED format AG polypeptide arm comprising an anyino acid
sequence having at least 90% sequence identity {e. g, at least 91%, at least 92%, at least 93%, at
Teast 949, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%) to SEQ
1D NGO 86, and a SEED format GA polypepiide arm comprising an amino acid sequence having
at least 90% sequence identity (e.g., at least 91%, at least 92%, at least 93%, at least 94%. at

lcast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 1009%) to SEQ ID NO: 87,

1o(s ¥e Heterodimers

{0206]  In certain embodiments, the bndging moiety compnises an imnumnoglobulin Fe
domain. For example, in some embodiments, the bridging moiety comprises an Ig(, IgM, IgA,
gD, or 1gF Fo domam. In certain embodiments, the bridging moicty comprses an 1gGl, 1gG2,
1gG3, or IgG4 Fe domain. In certain emboduments, the bridging moicty comprises an IgGl Fe
domain. In certain embodiments, the bridging moiety comprises a human 1gG1 Fe doman, In
certain embodiments, an immunoglobulin Fc domain bridging motety comprises a first
polypeptide arm of an immunoglobulin Fe domain and a second polyvpeptide arm of an

mumunoglobulin Fo domain which dimerize with cach other.

{02077 In some embodiments, a bispecific protein of the present disclosure includes, a first
mmunoglobulin Fe domatn polypeptide arn and a second immunoglobulin Fo domain
polvpeptide anm, which are both 1gG1 Fe domain polypeptides comprising one or more
mmtation{s) that promote heterodimerization with each other. In some embodiments, the one or
more mutation{s} that promote heterodimerization are within the CH3 of the IgG1 Fc domain.

For example, immunoglobulin Fe domam can be engineered for heterodimerization using, but
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not limited to, a “knobs-into-holes” format, duobody format, azymetric format, charge pair
format, crossMab format, electrostatic stecring format, or HA-TF format. For example, if the Fe
domain 18 derived from the Fe of a human IgGl, the Fe domain can comprise an amino acid
sequence at least 0% wdentical {e.g., at least 919, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at lcast 98%, at least 99%., or 100%) to amino acids 234-
332 of a human IgG1l antibody, and differ at one or more posttion{s) sclected from the group
consisting of E345, (3347, Y349, T350, L351, 8334, E336, E357, K360, 8364, T366, L368,
K370, K392, T394, 13399, F403, Y407, and K409 according to EU numbering.

{0208]  In certam embodiments, an immunoglobulin Fe domain or functional portion thereof

comprises a hinge polypeptide and a CH2 domain.

{9209]  In cortamn embodiments, the bridging moicty comprises a buman IglGi Fo domain
comprising one or more mutation{s) to reduce binding to an Foy receptor {e.g., FeyRI, FeyRIIA,
FeyRUEB, FoyRHIA, or FeyRIIB) or a complement component {e.g., Cly) in the first and/or
second polypeptide arms of the human IgG1 Fe domain. Such mutations are usefid for reducing
effector functions. For example, a bispecific protein of the present disclosure includes LALA
(1L.234A and L235A) mutations, LALAPA (L234A L235A and P329A) mutations, LALAPG
{L.234A, L235A, and P329G) nustations, or LALEGAASPS (L234A L235E, G237A, A3308,
and P3318) mutations. o some embodiments, the temunal Iysine residue of human IgGl Fe
domain is mutated (K447A) or deleted (K447A3. In some embodiments, amino acids at any one
or more of positions 322 330, 331, 355, and 358 may be mutated. The positions of the amino
acid substitutions are all numbered according to the EU index as in Kabat, unless otherwise

stated.

{0210] TABLE 8 lists polypeptide sequences of immunoglohulin Fe domain polypeptide
arms that heterodumerize with cach other. In some emboduments, bispecific proteins of the
present disclosure comprise: (i) a first polypeptide arm of an immunoglobulin Fe domain having
an amino acid sequence at least 0% identical {e.g., at least 919%, at least 92%, at least 93%, at
lcast 94%, at least 93%, at least 96%. at least 97%, at least 98%, at least 99%, or 100%) to a first
polvpeptide anm sequence listed in TABLE 8; and (1) a second polvpeptide arm of an
mmunoglobulin Fo domain having an amino acid sequence at least 90% 1dentical {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%; to a second polypeptide arm sequence histed in TABLE 8
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TABLE 8: Exemplary human immesnoglobulis Fe domain heterodimerization

First Polvpeptide Arm

Second Polypeptide Arm

Knob-in-hole
{1

PSVFLFPPK PKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHGDWLNGKEYKCK VSN
KALPAPIEKTISKAKGQPREPOVY
TLPPSRDELTKNOVSLWCLVKGE
YPSDIAVEWESNGOPENNYKTTP
PYLDSDGSFFLYSKLTVDKSRWOQ
OGNVFSCSYMHEALHNHY TQKS
LSL3PGK

(SEQ 1D NO: 194)

PSVFLFPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKFNWYVDGVEVY
HNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPOQVYTLEPS
RDELTKNQVSLSCAVKGFYPSDIA
VEWESNGQPENNYK TTPPVLDSD
GSFFLVSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPGK
(SEQ TD NO: 195)

Knob-in-hole
@)

PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTEPREEQYNSTYRVVS
VLTVLHODWENGKEYKCK VSN
KALPAPIEK TISKAKGOQPREPQVY
TLEPCRDELTKNQVSLWCLVKGE
YPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTOKS
LSLSPGK

(SEQ ID NO: 196)

PSVFLFPPKPKDTLMISRTPEVTCV
VYDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALP
APIEKTISKAKGOPREPQVCTLPPS
RDBLTKNQVSLSCAVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSD
GSFFLVSKLTVDKSRWQOQGNVFES
CSVMHEALHNHYTOQKSLSLSPGK
(SEQ ID NO: 197)

HA-TF (1)

PSVFLFPPKPRDTLMISRTPEVTC
VVVDVSHEDPEVEKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVIHODWENGKEYKCKVSN
KALPAPIEKTISKAKGQPREPOVY
TEPPSRDELTKNQVHLTCLVEGF
YPSBDIAVEWESNGQPENNYKTTP
PVLDSDGSFALYSKLTVDESRW
QOGNVFSCSVMHEALHNHYTQK
SLSLSPGK

{(SEQ ID NO: 19%)

PSVFLFPPKPEDTLMISRTPEVICY
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALP
APIEKTISKAKGOQPREPQVTTLPPS
RDELTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTFPPVLDSD
GSFFLYSKLTVDKSRWOQGNVFS
CSVMHEALHNHY TQKSLSLSPGK

(SEQ ID NO: 199)

XmAb

PSVFLFPPKPKDTLMISRIPEVTC
VVVDVSHEDPEVKFNWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCKVSN
KALPAPIEKTISKAKGOQPREPQVY
TLPPSRDELTKNQVSLTCDVSGF
YPSDIAVEWESNGQPENNYKTTP
PYLDSDGSFFLYSKLTVDKSRWOQ
QGNVFSCSVMHEALHNHYTQKS
LSLSPGK

(SEQ 1D NO: 200)

PSVFLFPPKPKDTLMISRIPEVTCY
VVDVSHEDPEVKENWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPQVYTLRPS
RDOLTKNQVKLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVF
SCSYMHEALHNHY TQKSLSLSPG
K

(SEQ ID NO: 201)

ZWi

PSVFLFPPKPRDTLMISRTPEVTC
YYVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS

PSVFLFPPKPEDTLMISRTPEVTCY
YVDVSHEDPEVKFNWYVDGVEY
HNAKTKPREEGYNSTYRVVSVYLT
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First Polypeptide Arm

Second Polypeptide Arm

VLTVLHODWLNGKEYRCK VSN
KALPAPIEKTISKAKGQPREPQVY
VYPPSRDELTKNQVSLTCLVKGF
YPSDIAVEWESNGOQPENNYKTTP
PVLDSDGSFALVSKLTVDKSRW
QOGNVEFSCSVMHEALHANHYTOK
SLSLSPGK

(SEQ 1D NO: 202)

VLHODWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYVLPP
SRDELTKNQVSLLCLVKGFYPSDI
AVEWESNGQPENNYLTWPPVLDS
DGSFFLYSKLTVDKSRWQQGNVE
SCSVMHEALHNHY TQKSLSLSPG
K

(SEQ ID NO: 203)

7.3.60

PSVFLFPPKPRDTLMISRTPEVTC
VYVDVSHEDPEVEFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCK VSN
KALPAPIEKTISKAKGOPREPOVY
TLPPSRDELTDNGVSLTCLVKGE
YPSDIAVEWESNGQPENNYKTTP
PVLMSDGSFFLASKLTVDESRW
QOGNVFSCSVMHEALHNHY TQK
SLSLSPGK

(SEQ ID NO: 204)

PSVFLFPPKPRDTLMISRTPEVTCY
YVDVSHEDPEVRKEFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLT
VLHOPDWLNGKEYKCKVYSNKALP
APIEKTISKAKGQPRRPRVYTLPPS
RDELTKNQVSLVCLVKGFYPSDH
AVEWESNGQPENNYKTTPPVLDS
DGSFFLYSVLTVDESRWOQGNVE
SCSYMHEALHNHYTGQKSLSLSPG
K

(SEQ 1D NOG: 2053

Electrostatic
Steering

PSVFLEPPK PKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGE
YPSDIAVEWESNGQOPENNYKTTP
PYLDSDGSFFLYSNLTVDKSRWO
QGNVFSCSVMHEALHNHY TGKS
LSLSPGK

(SEQ ID NO: 206)

PSVFLFPPKPKDTLMISRTPEVTCY
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPS
RDELTENQVSLTCLVEGFYPSDIA
VEWESNGOQPENNYKTTPPVLKSD
GSFFLYSKLTVDKSRWOQQGNVFES
CSVMHEALHNHYTQKSLSLSPGK
(SEQ 1D NO: 207)

DB-KK

PSVFLFPPKPKDTLMISRTPEVTC
VYVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWENGKEYRKCKVSN
KALPAPIERTISKAKGQOPREPQVY
TLPPSRDELTRNOQVSLTCLVKGE
YPSDIAVEWESNGQPENNY DTTP
PVLDSDGSFFLY SDUTVDKSRWQ
QONVFSCSVMHEALHNHYTQKS
LSLSPGK

(SEQ ID NO: 208)

PSVFLFPPKPKDTLMISRTPEVTCY
VYVDVSHEDPEVKEFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYECEVSNKALP
APIEKTISKAKGOPREPQVYTLPPS
RDEKLTKNQVSUTCLVKGFYPSTH
AVEWESNGQPENNYKTTPPVLES
DGSFFLYSKLUTYDKSRWOQGNVE
SCSYMHEALHNHYTQKSLSLSPG
K

(SEQ ID NO: 209)

EW-RVT

PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTYLHODWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPOVY
TLPPSRDELTENQVSLTCLVEGF
YPSDIAVEWESNGOPENNYKTTP
PYLDSDGSFFLYSWLTYDKSRW
QOGNVFSCSVMHEALHNHYTOK
SLSLSPGK. (SEQ ID NO: 210)

PSVFLEPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGOQPREPRVYTLPPS
RDELTENGQVSLTCLVEGFYPSDIA
VEWESNGQPENNYKTTPPVLVSD
GSFTLY SKLTYDKSRWOQQGNVES
CSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO: 211)
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First Polypeptide Arm

Second Polypeptide Arm

EW-RVT (2)

PSVFLEPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDRGY
EVHNAKTEPREEQYNSTYRVVS
VLTVLHQDWENGKEYRKCKVSN
KALPAPIEKTISKARKGOPREPOQVC
TLPPSRDELTENQVSLTCLVKGF
YPSDIAVEWESNGOQPENNYKTTP
PVLDSDGSFFLYSWLTVDKSRW
QQONVESCSYMHEALHNHYTQK
SLSLSPGK

(SEQ ID NG 212)

PSVELFPPKPKDTLMISRTPEVTCY
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGOPREPRVYTLPPC
RDELTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLVSD
GSFTLYSKLTVDKSRWQOQGNVFS
CSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO: 213)

AlLG7

PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWELENGKEYKCKVSN
KALPAPIEKTISKAKGQPREPOVY
TLPPSRDELTENQVSLTCLVKGEF
YPSDIAVEWESNGQPENNYKTTP
PYLDSDGSFFLYSWLTVDKSRW
QOQOGNVFSCSVMHEALHNHYTQK
SLSLSPGK

(SEQ D NG: 214)

PSVFLEPPKPKDTLMISRIPEVICY
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEGYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPOVYTLPPS
RONLTKNQVSLTCLYKGEYPSDL
AVEWESNGOPENNYKTTPPVLYS
DGSFTLY SKLTVDRKSRWOQQGNVF
SCSVMHEALHNHY TQKSLSLSPG
K

(SEQ ID NO: 215)

Buobody

PSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNSTYRVVS
VLTVLHODWENGKEYKCK VSN
KALPAPIEKTISKAKGOQPREPQVY
TLFPSRDELTKNQVSLTCLVKGE
YPSDIAVEWESNGOPENNYKTTP
PVLDSDGSFFLY SRLTVDKSRWO
QGNVFSCSVMHEALHNHYTOKS
LSLSPGK

(SEQ IDNO: 216)

PSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPQVYTLPPS
RDELTKNQVSLTCLYKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSD
GSFLLYSKLTVDKSRWOQQGNVFS
CSYMHEALHNHYTQKSLSLSPGK

(SEQ ID NG: 217)

Knob-in-hole
(1)

GQPREPQVY TLPPSRDELTKNQV
SLWCLVEGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSEWQOGNVFSCSVMHE
ALHNHYTOKSLSLSPGK

(SEQ ID NO: 272

GOPREPQVY TLPPSRDELTKNQVS
LSCAVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLVSKLT
YDKSREWQQGNVFSCSVMHEALH
NHY TQKSLSLSPGK

(SEQ ID NO: 273)

Knob-in-hole
(2)

CH3

GQPREPQVY TLPPCRDELTKNQV
SLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHE
ALHNHYTQKSLSLSPGK

(SEQ 1D NO: 274)

GQPREPOVCTLPPSRDELTKNQVS
LSCAVKGFYPSDIAVEWESNGQP
ENNYKTIPPVLDSDGSFFLVSKLY
VDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK

(SEQID NG: 275)

HA-TF (1)
CH3

GOPREPOVYTLPPSRDELTKNQV
HLTCLVEGFYPSDIAVEWESNGQ
PENNYETIPPVLDSDGSFALYSE

GOPREPQVTTLPPSRBELTKNQVS
LTCLVEGFYPSDIAVEWESNGQP
ENNYETFPPVLDSDGSFFLYSKLT
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First Polypeptide Arm

Second Polypeptide Arm

LTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK
(SEQ ID NO: 276)

VDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK
(SEQ ID NG: 277)

XmAb
CH3

GQPREPQVY TLPPSRDELTKNQV
SLTCDVSGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEA
LHNHY TQKSLSLSPGK

(SEQ ID NGQ: 278)

GOPREPQVY TLPPSRDQLTRNGQV
KLTCLVKGFY PSDIAVEWESNGO
PENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWOQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK

(SEQ ID NO: 279)

ZW1
CH3

GOPREPOVY VYPPSRDELTKNQV
SLTCLVEGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFALVSK
LTVDKSRWGOGNVESCSVMHEA
LHNHYTOKSLSLSPGK

(SEQ 1D NO: 280)

GOPREPOVY VLPPSRDELTENGV
SLLCLVEKGFYPSDIAVEWESNGOP
ENNYLTWPPVLDSDGSFFLYSKL
TVDKSRWOQQGNVESCSVMHEAL
HNHYTQKSLSLSPGK

(SEQ ID NO: 281)

7.8.60
CH3

GOPREPQVY TLPPSRDELTDNQV
SLTCLYKGFYPSDIAVEWESNGO
PENNYKTTPPVLMSDGSFFLASK
LTVDKSRWOQQGNVFSCSYMHEA
LHNHYTQKSLSLSPGK

(SEQ 1D NO: 282)

GOPRRPRVYTLPPSRDELTRKNQVS
LYCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSVLT
VDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK

(SEQ ID NO: 253)

Electrostatic
Steering
CH3

GQPREPQVY TLPPSRDELTKNQY
SLTCLVKGFYPSDIAVEWESNGO
PENNYKTTPPVLDSDGSFFLYSN
LTVDKSRWQQGNVFSCSYMHEA
LHNHY TQKSLSLSPGK

(SEQ 1D NO: 284)

GOPREPQOVY TLPPSRDELTKNQVS
LTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLKSDGSFFLY SKLT
IDKSRWOQQGNVEFSCSYMHEALH
NHYTOKSLSLSPGK
(SEQ ID NO: 285)

DD-KK
CH3

GQPREPQVY TLPPSRDELTENQV
SLTCLVKGFYPSDIAVEWESNGQ
PENNYDTTPPVLDSDGSFFLYSD
LTVDKSRWOQOGNVESCSVMHEA
LHNHYTOKSLSLSPGK

(SEQ ID NO: 286)

GQPREPQVY TLPPSRDKLTENGV
SLTCLVKGFYPSDIAVEWESNGOP
ENNYETTPPVLESDGSFFLYSKLT
VDKSRWOQGNVFSCSVMHEALH
NHYTQKSLSLSPGK

(SEQ ID NO: 287}

EW-RVT
CH3

GOPREPOQVY TLPPSRDELTENGY
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLY SW
LTVDKSRWOQGNVFSCSVMHEA
LHNHYTOKSLSLSPGK

(SEQ 1D NO: 288}

GQPREPRVY TLPPSRDELTKNQVS
LTCLVKGFYPSDIAVEWESNGOP
ENNYKTTPPVLVSDGSFTLYSKLT
VDKSRWOQOGNVFSCSVMHEALH
NHYTQKSLSLSPGK

(SEQ ID NO: 259)

EW-RVT (2)
CH3

GQPREPQVCTLPPSRDELTENGQY
SLTCLVKGFYPSDIAVEWESNGOQ
PENNYKTTPPVLDSDGSFFLYSW
LTVDKSRWOQQGNVFSCSYMHEA
LHNHY TQKSLSLSPGK

(SEQ 1D NO: 290)

GQPREPRVYTLPPCRDELTKNQVY
SLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLVSDGSFTLYSKLT
VDKSRWOOQGNVFSCSVMHEALH
NHYTQKSLSLSPGK

(SEQ ID NO- 291)

AL0T

GOPREPOVYTLPPSRDELTENQY
SLTCLVKGFYPSDIAVEWESNGQ
PENNYKTIPPVLDSDGSFFLYSW

GOPREPOQVYTLPPSRDNLTKNQY
SLTCLVKGFYPSDIAVEWESNGQP
ENNYKTIPPVLVSDGSFTLYSKLY
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First Polypeptide Arm Second Polypeptide Arm
LTVDKSRWQQGNVFSCSVMHEA | VDKSRWQQGNVFSCSVMHEALH
LEHNHYTQKSLSLSPGK NHYTQKSLSLSPGK

(SEQ ID NG: 2923 {(SEQ ID NG: 293)
Duocbody GQPREPQVYTLPPSRDELTENQY | GOPREPQVYTLPPSRDELTKNQVS
CH3 SLTCLVKGFYPSDIAVEWESNG() | LTCLVKGFYPSDIAVEWESNGQP
PENNYKTTPPVLDSDGSFFLYSR | ENNYKTTPPVLDSDGSFLLYSKLT
LTVDESRWOQQONVFSCSVMHEA | VDKSRWQQONVESCSVMHEALH
LHNHYTQESLSLSPGK. NHEYTOKSLSLSPGK
{(SEG ID NG: 294) (SEQ ID NG: 295)
Hinge Polypeptide

{0212]  In some embodiments, the bridging motety comprises at least a portion of a hinge
palypeptide arm. The hinge polypeptide arm can be dertved from an imamumoglobulin heavy
chain, e.g., 1gG1, 1gG2, 12G3, 1564, or other classes. Preferably, the hinge polypeptide anu is
derived from human IgG1, IgG2, 1963, or 1gG4. More preferably, the hinge polypeptide arm 15

derived from 8 haman IgG1 heavy chain.

[0213]

N-terminus of the heavy chain constant domain 2 {CH2) of an AG polypeptide arm and GA

In some embodiments, at least a portion of a hinge polypeptide arm 1s connected to the

polyvpeptide arm of a SEED format Fc domain, or a first polypeptide arm and second polypeptide
arm of a human mmunoglobulin Fe domain.
{0214]

polypeptide or complex of two or more polypeptides that specitically binds CD3 to the N-

In some embodiments, a hinge polypeptide arm comnects the C-terminus of a

terminus of the CH2 domam of a SEED format Fe domain AG or GA polypeptide arm, or the N-
terminus of the CH?2 domain of an immanoglobulin Fo domain first polypeptide arm or second
polypeptide amm. In some embodiments, a hinge polypeptide amm connects the C-terminus of a
polypeptide or complex of two or more polypeptides that specifically binds ROR1 to the N-
termunus of the CH2 domain of a SEED format Fo domain AG or GA polypeptide anm, or the N-
terminas of the CH2 domain of an immunoglobulin Fe domain first polypeptide arm or second

polvpeptide arm.

{0215]  Insome embodiments, a hinge polvpeptide arm connects the C-terminus of a
polypeptide or complex of two or more polypeptides that specifically binds ROR1 to the N-
terminus of the CHZ domain of a SEED format Fe domain AG or GA polypeptide arm, or the N-
termunus of the CH2 domain of an immunoglobulin Fo domain first polypeptide arm or second
polvpeptide arm. In some embodiments, a hinge polvpeptide arm connects the C-terminus of a

sccond polypeptide or second complex of two or more polypeptides that specifically binds
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RORI to the N-terminus of the CH2 domain of a SEED format Fo domain AG or GA
polvpeptide arm, or the N-terminus of the CHZ domain of an inumunoglobulin Fo domain first

polvpeptide arm or second polypeptide arm.

{9216]  In some embodiments, amino acids at any one or more of positions £220, E233, 1.234
or L2335 may be mutated in a hinge polypeptide arm of human IgG1. The positions of the amino
acid substitutions are all numbered according to the EU index as in Kabat, unless otherwise

stated.

{82171  TABLE 9 lists exemplary hinge polypeptide arm sequences. In some embodiments, a
bridging moiety of the present disclosure comprises a hinge polypeptide arm compnsing an
aming 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 a hinge

polypeptide arm sequence histed m TABLE 9.

{0218] TABLE 9: Exemplary hinge polypeptide avm sequences

Hinge Amino Acd Sequence

Parental EPKSCDKTHTCPPCPAPELLGG (SEQ ID NO: 913
Parental C2208 EPKSSDKTHTCPPCPAPELLGG (SEQ IDNG: 193)
82HOZ {(LALA) EPKSCDKTHTCPPCPAPEAAGG (SEQ 1D NG: 90}
82HO2 LALAYDY EPKSSDKTHTCPPCPAPEAAGG (SEQ 1D NO: 92)
69A02 (LALA) EPKSCDKTHTCPPUPAPPVAG (SEQ IR ND: 1135)
69A02 (LALAXZ) EPKSSDKTHICPPCPAPPVAG (SEQ ID NG 116)

{0219]  In certamn embodiments, a bridging moisty of the present invention comprises: (i} a
hinge polypeptide arm comprising an amino acid at least 90% {e.g., at least 91%, at least 92%, at
least 939, at least 84%, at least 95%, at least 96%, at feast 97%, at least 989%, at least 99%, or
100%}) identical to SEQ 1D NO: 92; and a second hinge polvpeptide arm comprising an amino
acid at least 90% {e.g., at lcast 91%, at least 92%, 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 1D NG: 96,

{0220] In certain embodiments, a bridging motety of the present invention comprises: (i} a

hinge polypeptide arm comprising an amino acid at least 90% {e.g., at least 91%, at least 92%, at
least 939, at least 949, at least 93%, at lcast 96%, at least 97%. at least 98%, at least 99%, or
100%;) identical to SEQ D NO: 92; and a second hinge polvpeptide arm 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

lcast 96%, at least 97%, at least 98%, at least 999, or 100%) identical to SEQ 1D NG: 92,
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1D Linkers
02211  In some embodiments, the N-termnus of a polypeptide or complex of two or more
polvpeptides that specifically binds ROR1 is connected to the C-terminus of a bridging moiety

via a linker polypeptide. In other embodiments, the N-terminus of a polypeptide or complex of

L

two or more polvpeptides that specifically binds CD32 is connected to the C-terminus of a

bridging moiety via a hinker polypeptide.

{0222]  Regarding the anuno acid composition of the linker polypeptide, linker polvpeptide
sequences are selected with properties that confer flexibility, and for mmimal nterference with
the structure and function of the other domains and/or polypeptides of the proteins described in
10 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.

{0223]  In certain embodiments, bispecific proteins described herein comprise a
(GlyGlvGlyGlySerhs ((GsS)a) linker (SEQ 1D NO: 249). The length of the linker {e.g., flexible
15 Hinkerycan be “short,”eg, 0, 1,2,3,4,5,6, 7, & 9, 10, 11 or 12 amino acid residues, or “long,’
e.g., at least 13 amino acid residucs. In cortain cmbodiments, the linker is 10-30, 10-40, 10-30,
1G-25, 16-20, 15-50, 15-40, 15-30, 15-25, 153-20, 20-30, 20-40, 20-30, or 20-25 amino acid

residues in length.

[0224]  In certain embodiments, bispecific proteins of the present invention Comprise one or
20 more polypeptide hinker comprising or consisting of an amino acid sequence histed in TABLE
19,

{0225] TABLE 19: Exemplary Linker Polypeptides

SEQ D Aming Acid Sequence

SEQID NG 1 | (GGGGS)s, whereinnis | o 12

SEQID NO: 2 | GSGRGSGSGSGSGSGSGRGS

SEQ ID NG: 3 | GGSGGSGGRGGSGGSGGSGGSGESGGSGES

SEQID NG 4 | GGGSGGGSGGGSGGGSGGGRGGGSGGGSGGGSGGESGE
GS

SEQID NG: § | GGSGGGSGGGSGGGSGGHSGOGIGOGSGGGSGGGSGGE
SG

SEQID NO: 6 | GGSGGGGSGOGGIGGGESGGGESCOGGESGGGESGGEES
GGGGSGGGGRGO

SEQ ID NG: 7 | GGSGGGOSGGGGSGOGHGSGGEERGHOESGOGESGEEGS
GOGGOSGGGGSGOGESGGEERGHGGSGGGESGHHEERGHE
GSGOCGSGGEOSGGGERGGGESGE
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LE  Exemplary Bispecific Proteins

{0226]  Listed below are examples of bispecific proteins of the present imvention comprising a
polvpeptide or complex of two or more polypeptides that specifically binds a TAA {e.g., ROR1})

and a polypeptide or complex of two or more polypeptides that specifically binds CD3.

{02277  Inone aspect, a bispecific protein of the present disclosure, which induces robust T
cell eviotoxicity against certain TAA expressing cells but does not induce a significant amount
of cviokine release, includes two amms, the first anm comprises a first component, which
specifically binds to a TAA, at its N-terminal end, and a second component, which specifically
binds to the same TAA, at #ts C-terminal end, and a second arm comprises a component, which

specifically binds to CD3, at its N-terminal end.

{0228]  In some embodiments, a bispecific proiein of the present disclosure, which induces
robust T cell cytotoxicity against cortain TAA expressing cells but does not induce a significant
amount of cytokine release, comprises: (1) a first arm comprising, from N-terminus to C-
terminas, a first component comprising a polypeptide or complex of two or more polypeptides
that specifically binds a TAA, a first hinge polypeptide, a first polypeptide of a SEED format
mmunoglobulin Fe domain, and 3 second component comprising a polypeptide or complex of
two or more polvpeptides that specifically binds a TAA; and (31} a second arm comprising, from
N-termimus to C-terminus, a polypeptide or complex of two or more polypeptides that
specifically binds CID3, a second hinge polypeptide, and a second polypeptide of the SEED
format immunoglobulin Fo domain, wherem the first and second polypeptides of the SEED

format immunoglobelin Fo domain dimerize.

{0229]  Insome embodiments, a bispecific protein of the present disclosure, which induces
robust T cell eviotoxicity against certain TAA expressing tumor cells but does not induce a
significant amount of cvtokine release, comprises: (i) a first arm comprising, from N-terminus to
C-terminus, a first component comprising a polypeptide or complex of two or more polypeptides
that specifically binds RORI, a first unge polypeptide, a first polypeptide of a SEED format
immunoglobulin Fo domain, and a second component comprising a polypeptide or complex of
two or more polvpeptides that specifically binds RORI; and (11) a second arm comprising, from
N-terminus to C-terminus, a polypeptide or complex of two or more polypeptides that
specifically binds UD3, a second hinge polypeptide, and a second polvpeptide of the SEED
format joununoglobulin Fe domain, wherein the first and second polypeptides of the SEED

format inusunoglobulin Fe domain dimertze.
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{0236]  In some cmbodiments, the polypeptide or complex of two or more polypeptides that
spectfically binds ROR 1 can comprise an antigen binding site {e.g., a single-chain vanable
fragment {(scFv}; an antibody, a Fab; a Fab’, a F(ab™)2, a munibody; or a nancbody (VHH)). For
example, antigen binding sites that specifically bind ROR1T can comprise an seFv comprising the
VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and VLCDR3 sequences selected from
any of the VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and VLCDR3 sequences listed
in TABLE 1, the VH and VL sequences listed in TABLE 2, and/or the scFv sequences histed in
TABLE 3.

{0331]  As described above, bispecific proteins of the present invention may comprise a
bridging moiety. In some embodiments, the polypeptide or complex of two or more
polyvpeptides that specifically binds ROR1 is connected at its N-terminus to the C-terminus of a
bridging moiety and the polypeptide or complex of two or more polvpeptides that specifically
binds CD3 15 connected at its C~terminus to the N-terminus of the bridging mowcty. In some
embodiments, a second polypeptide or second complex of two or more polypeptides that

specifically binds ROR 1 is connected at its C-terminus to the N-terounus of the bridging nmwoiety,

{0232]  In other embodiments, the polypeptide or complex of two or more polypeptides that
specifically binds RORI s connected at its C-ternunus to the N-terminus of a bridging moiety
and the polvpeptide or complex of two or more polypeptides that specifically binds CD3 s
connected at its N-terminus to the C-terminus of the bridging moicty. In some embodiments, a
second polypeptides or second complex of two or more polypeptides that specifically binds

ROR]1 15 connected at s C-terminus to the N-terminus of the bridging moiety.

{02331  As described above, the bridging moicty can be a strand-exchange engincered domain
{SEED) format Fc domain or functional fragment thereof, an immunoglobulin Fe domain or
functional fragment thereof, a polypeptide linker, or a polypeptide hinge. For exanpie, the
bridging moiety can comprise any AG and GA pair of SEED format Fe domain polypeptide
arms listed in TABLE 7. In other embodiments, the bridging moicty can comprise an
immunoglobulin Fo domain comprising any first polypeptide arm and second polypeptide arm
pair listed in TABLE 8. The bridging motety can also comprise a lunge polypeptide at its N-
termimus optionally comprising one or more mutation such as a sequence selected from any one

of the sequences listed in TABLE S

{0234]  As also described above, the polypeptide or complex of two or more polypeptides that
specifically binds ROR1, or the polypeptide or complex of two or more polypeptides that

specifically binds £33, can be connected to the C-terminus of the bridging moiety via a linker
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polypeptide. For example, the linker polypeptide can comprise a polypeptide comprising a

sequence selected from any one of the sequences listed in TABLE 16,

{0235]  Proteins of the present invention can comprise a first heavy chain, a second heavy
chain, and a light chain. For example, a first heavy chain of the present invention can comprise,
from N-ternunus to C-terminus: (1) a heavy chain variable (VH) domain and a heavy chain
constant domain T {CH1) of a Fab that specifically binds CD3; and (11} a bridging moiety
comprising at least a portion of a hinge polypeptide at its N-terminus and an AG or GA
polyvpeptide anm of a SEED format Fc domain. A second heavy chain of the present invention
can comprise, from N-terminus to C-terminus: (1} an scFv that specifically binds RORYL; (i) a
bridging moiety comprising at least a portion of a hinge polypeptide at its N-terminus and a GA
or AG polypeptide arm of a SEED format Fo domain; (111) a hinker polypeptide; and {iv) a sccond
scFv that specifically binds ROR1. A hght chain of the present invention can comprise, from N-
terminus to C-terminus: () a light chain vanable (VL) domain and a light chain constant (CL)

domain of a Fab that specifically binds CD3.

{0136]  In other embodiments, a first heavy chain of the present invention can comprise, from
N-terminus to C-terminas: (13 a VH domain and CHI domain of a Fab that specifically binds
D3, and (i1} a bridging moiety comprising at least a portion of a hinge polypeptide at its N-
terminus and a first or second polvpeptide arm of an immunoglobulin Fc domain comprising one
or more than one mutation that promotes heterodimerization. A second heavy chain of the
present mvention can comprise, from N-terminus to C-terminus: (i} an scFv that specifically
binds ROR1; (i) a bridging moicty comprising at least a portion of a hinge polypeptide at its N-
ternunus and a second or first polypeptide arm of an immumoglobulin Fe domam comprising one
or more than one muatation that promotes heterodimenzation; (111} a hnker polypeptide; and (v} a
second scFv that specifically binds ROR1. A light chain of the present mvention can comprise,
from N-teraunus to C-crnuinus: (1) a VL domain and a CL domain of a Fab that specifically
binds CD3.

{0237}  In some embodiments, a first heavy chain of the present invention can comprise, from
N-teromunus to C-temmmus: (1) an scFv that specifically binds ROR I (1) a bridging moiety
comprismg at least a portion of a hinge polypeptide at its N-terminus and an AG or GA
polvpeptide arm of a SEED format Fc domain; (111} a linker polypeptide; and {iv} a VH domain
and CHI domain of a Fab that specifically binds CD3. A second heavy chain of the present
mvention can comprise, from N-terminus to C-terminus: (1) an scFv that specifically binds
RORI; (11) a bridging moiety comprising at least a portion of a hinge polypeptide at s N-
terminus and a GA or AG polypeptide arm of a SEED format Fc domain. A light chain of the
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present invention can comprise, from N-terminus to C-terminus: (1} a VL domain and a CL
domain of a Fab that specifically binds €23, The first beavy chain can additionally comprise at
the C-terminus of the CHI domain, a partial IgG 1 lunge sequence (for example, a polypeptide
comprising the amino acid sequence of SEQ 1D NO: 133) comprising a cysteine residue capable

of forming a disulfide bond with a cysteine residuc m a CL.

{0238]  In other embodiments, a first heavy chain of the present mvention can comprise, from
N-ternunus to C-temminus: (1) an scFv that specifically binds ROR1; (i1} a bridging moiety
comprising at lcast a portion of a hunge polypeptide at its N-termotnus and a first or second
polyvpeptide arm of an immunoglobuhin Fe domain comprising one or more than one mutation
that promotes heterodimernization; {i1i} a linker polypeptide; and (v} a VH domain and CH1
domain of a Fab that specifically binds CD3. A second heavy chain of the present invention can
comprise, from N-terminus to C-termunus: (3) an scFv that specifically binds RORL and (it} a
bridging moiety comprising at least a portion of a hinge polypeptide at its N-terminus and a
second or first polypeptide arm of an immunoglobulin Fe domain comprising one or more than
one mutation that promotes heterodumerization. A light chain of the present invention can
comprise, from N-terminus to C-terminus: (i) a VL domain and a CL domain of a Fab that
specifically binds CD3. The first heavy chain can additionally comprise at the C-terminus of the
CH1 domain, a partial IeG1 hinge sequence {for cxample, a polypeptide comprising the amino
acid sequence of SEQ 1D NO: 133) comprising a cysteine residue capable of forming a disulfide

bond with a cysteine residue ina CL.

{02397  TABLE 11 lists exemplary furst heavy chain, sccond beavy cham, and light chain
sequences of bispecific protemns of the present invention. In combination, a first heavy chain and
light chain, or a second heavy chain and light chain as listed in TABLE 11 associate, for
cxample linked by a disulfide bond, and can specifically bind to CD3. Ag contemplated in
bispecific proteins of the present invention, a hinge polypeptide and/or CH3 domaim of an AG
polypeptide arm of a SEED format Fe domain can facilitate dimenization with a hinge
polypeptide and/or CH3 domain of a GA polypeptide arm of a SEED format Fe domain resulting
in a bispecific protein comprising a first and second heavy chain and a light chain. As
contemplated i other crabodiments, a hinge polypeptide and/or CH2 domain of a first
polvpeptide arm of an immunoglobuhn Fe domain comprising one or more than one mutation
can facilitate heterodimerization with a hinge polypeptide and/or CH2 domain of a sccond
polypeptide arm of an tumunoglobulin Fe domain comprising one or more than one mutation

resulting in a bispecific protein comprismg a fust and second heavy chain and a light chain,
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{0248] TABLE 11 Exemplary First Heavy Chais, Second Heavy Chain and Light Chain

Sequences

Amino Acid Sequence

82HO2
VLIOTx1F3.5-
VHI03

First Heavy Chany;
EVQLVESGGGLVQPGGSLELSCAASGFTFNTYAMNWVRQASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRBDSKNTLYLGMNSLKTEDT
AVYYCVRHGNFGASYVSWEFAYWGQGTMVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKYF
NWYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLEHODWLNGREYK
CKVSNKALGAPIEKTISKAKGOPFRPEVHLLPPSREEMTENGQVSLTCL
ARGEFYPRKDIAVEWESNGQPENNYKTIPSROEPSQGTTTFAVTSKLTVD
KSRWQOGNVFSCSVMHEALHNHY TQRTISLSPGK

(SEQ IDNG: 84)
Second Heavy Chan:
EIVLTQSPATLSLSPGERATLSCRASQSYSSYLAWY QQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVY Y CQORSNWPPST
FGOQGTRLEIKGGGGSGGGGSGGGGSGGOGSEVOLLESGGGLYQPGGS
LRLSCAASGFTFTSYAMSWYRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEY
TCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHQDWINGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLP
PPSEELALNELVTLTCLVEGFYPSDIAVEWLQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWKEGDTFSCSVMHEALHNHYTQKSLDRS
PGKGGGGSGEGGSGGGGSGGGGSEIVLTQSPATLSLSPGERATLSCRA
SQSVSSYLAWYQQKPGQAPRLLIVDASNRATGIPARFSGSGSGTDFIL
TISSLEPEDFAVYY COORSNWPPSTFGOGTRLEIKGGGGSGGGGSGGE
GSGGGGSEVOLLESGGGLVQPGGSLRLECAASGFTFTSYAMSWVRQA
PGEKGLEWVSTISGSGGOGTYVTDSYKGRFTISRDNSKNTLYLOMNSLR
AEDTAVYYCAQGSSIFDYWGQGTLVTVSS

(SEQ ID NO: 95)
Light Chain;
QAVVTQEPSLTVSPGGTVILTCRSSTGAVTTSNY ANWYVOQQKPGQOAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCOQVTHEGSTVEKTVAPTECS

(SEQ 1D NO: 84)

82H02
YVLLO7x1F3.5-
VHICH-
VE1.01

First Heavy Cham:

EVQLVESGGGLVOPGGSLKLSCAASGFTENTY AMNWYVROQASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLGMNSLKTEDT
AVYYCVRHGNFGNSYVSWFAYWGOGTMVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDY FPEPVTVSWNSGALTSGVHTFPAVLGSSGL
YSLSSVVTVPSSSLOGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDYVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CEVENKALGAPIEKTISKAKGQOPFRPEVHLLPPSREEMTKNQVSLTCL
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ARGFYPKDIAVEWESNGOPENNYKTTPSROGEPSQGTTTFAVTSKLTVD
KSRWOQOQGNVFSCSYMHEALHNBYTQKTISLSPGK

{(SEQ ID NG 97
Second Heavy Chain:
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVY Y CQORSNWPPST
FGQGTRLEIKGGGGSGGOGGSGOOGSGGGGSEVQLLESGGGLVQPGES
LRLSCAASGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDKTHTCPPCPAPEAAGGPSVEFLFPPKPRDTLMISRTPEY
TCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLP
PPSEELALNELVTLTCLVKGFYPSDIAVEWLOQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALHNHYTQKSLDRS
PGRGGGGSGOGGRGOGGSGGGGSEIVLTGSPATLSLSPGERATLSCRA
SOSVSSYLAWYQQKPGQAPRLLIVDBASNRATGIPARFSGSGSGTDFTL
TISSLEPEDFAVYY CQOQRSNWPPSTFGQGTRLEIKGGGGSGGGGSGGG
GSGGGGSEVQLLESGGGLVQPGGSLRLSCAASGFTFTSY AMSWVYRQA
PGKGLEWVSTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNSLR
AEDTAVYYCAQGSSIFDYWGQGTLYVTVYSS

(SEQ ID NQ: 98}
Light Chain;
QTVVTOEPSLTVSPGGTVTLTCASSTGAVTTSNY ANWVQOQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVYFGGGTRKLTVLGOPKAAPSYVTLFPPSSEELQANKATLVCLISDF
YPOGAVIVAWKADSSPYVKAGVETTTPSKQENNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

{(SEQ IDNO: 85}

82HO2
VL1.O6x1F3.5-
VHIO03

First Heavy Chain:
EVOLVESGGGLVQPGGSLKLSCAASGFTRNTYAMNWVROASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOMNSLKTEDT
AVYYCVRHGNFGASYVSWFAYWGQGTMVTVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTRKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCYVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVYSNKALGAPIEKTISKAKGQPFRPEVHLLPPSREEMTENQVSLTCL
ARGFYPKDIAVEWESNGQPENNYKTTPSRQEPSQGTTTFAVTSKLTVD
KSRWOOOGNVEFSCSVMHEALHNHYTQRTISLSPGK

(SEQ ID NO: 100)

Second Heavy Chain:

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWY QQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDRFTLTISSLEPEDFAVYYCQQRSNWPPET
FGOGTRLEIKGGGGSGGGGSGGGGSGOGGREVQLLESGGGLYQPGGS
LRLSCAASGFTFTSY AMSWVROQAPGKGLEWVSTISGSGGGETYYTDSY
KGRFTISRDNSKNTLY LOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPK DTLMISRTPEY
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVESY
LTVLEHOQDWINGKEYKCKVSNKALGAPIEKTISKAKGQPREPGVYTLP
PPSEELALNELVTLTCLVKGFYPSDIAVEWLQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWKEGDTFSCSVMHEALHNHYTQKSLDRS
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PGRGGGGSGOGGGRGGOGSGGGGSEIVLTOSPATLSLSPGERATLSCRA
SOSVSSYLAWYQOQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDFTL
TISSLEPEDFAVYY CQOQRSNWPPFTFGOQGTRLEIKGGGGSGGGGSGGEG
GSGGGGSEVQLLESGGGLVQPGGSLRLSCAASGFTFTSY AMSWVYRGA
PGKGLEWVESTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNSLR
AEDTAVYYCAQGSSIFDYWGQGTLVTVYSS

(SEQ ID NO: 101}
Light Chain;
QAVVTQEPSLTVSPGGTYVTLTCRSSTGAVTTSNY ANWYQGKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYKAGVETTTPSKQSNNKY AASSY LSLTPEQW
KSHRSYSCOQVTHEGSTVEKTVAPTECS

{SEQ 1D NO: 84}

82HO2
VL1L.O06x1F3.5-
VHI G-
VLG

First Heavy Chain:
EVQLVESGGGLVGPGGSLKLSCAASGFTENTY AMNWVRQASGKGLE
WVYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOQMNSLKTEDT
AVYYCVRHGNFGNSYVESWFAYWGOQGTMVTVSSASTKGPSVEPLAPRS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGL
YSLSSVVTVPSSSLGTQTYICONYNHKPSNTRKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYK
CKVSNKALGAPIEKTISKAKGQOPFRPEVHLLPPSREEMTRNQVSLTCL
ARGFYPKDIAVEWESNGQPENNYKTTPSRQEPSQGTTIFAVTSKLTVD
KSRWQOGNVFSCSVMHEALHNHY TQRTISLSPGK

(SEQ ID NG: 103)

Second Heavy Chain:

EIVLTQSPATLSLSPGERATLSCRASGQSVSSYLAWYQOQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYY CQORENWPPFT
FGOQGTRLEIKGGGGRGGGGSGGGGSGGGGSEVOLLESGGGLVQPGGS
LRLSCAASGFTFISYAMSWYVYROQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSENTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VTVSSEPKSSDKTHTCPRPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEY
TCVVVDVSHEDPEVKENWY VDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWINGKEY KCKVSNKALGAPIEKTISKAKGOPREPQVYTLR
PPSEELALNELVTLTCLVKGFYPSDIAVEWLQGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWKEGDTFSCSVMHEALHNHYTQKSLDRS
PGKGOGGGSGGOGSGGGGSGOGGSEIVLTOSPATLSLASPGERATLSCRA
SQSVSSYLAWYQQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDFTL
TISSLEPEDFAVYY COQORSNWPPFTFGOGTRLEIKGGGGSGGGGSGGE
GSGGGGSEVOLLESGGGLVGPGGSLRLECAASGFTFTSYAMSWYVRQA
PGKGLEWVSTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNSLR
AEDTAVYYCAQGSSIFDYWGQGTLVTVSS

(SEQ ID NG: 1064)
Light Chain:
QTVVTGEPSLTVSPGGTVTLTCASSTGAVTTSNY ANWYVQOKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTTRSKQSNNKYAASSYLSLTPEGW
KSHRSYSCOQVTHEGSTVEKTVAPTECS

(SEQ 1D NO: 85)
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69AN2x1F3.5:

First Heavy Cham:
EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMNWYRQAPGKGLE
WYARIRSKYNNYATYYADSVKDRFTISRDDSKNTLY LGMNSLRAEDT
AVYYCVRHGNFGNSYVSWFAYWGOGTMVTVSSASTKGPSVEPLAPRS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGL
YSLSSYVTVPSSSLOTQTYICNVNHKPSNTKVDRKKVEPKSCDKTHTCP
PCPAPPVAGPSVFLFPPRPKDTLMISRTPEVTICVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
AVENKALAAPIEKTISKAKGQPFRPEVHLLPPSREEMTENQVSLTCLA
RGFYPKDIAVEWESNGOPENNYKTTPSROEPSQGTTTFAVTSKLTVDK
SRWOQQGNVFSCSVMHEALHNHY TGQKTISLSPGK

(SEQ ID NG: 106)
Second Heavy Chain:
ETTLTRSPATLSVSPGETATLSCRASQSVSSNLAWY QQKPGQAPRLLI
YGASTRATGIPATFSGSGSGTEFTLTISSLOSEDFATYYCQOQYKNWPPA
FGGGTELEIKGGGGSGGOGSGGGGSGGGGSQVTLRKESGPTLVEPTQT
LTUTCSESGFSITISGVSVOWIRQPPGKALEWLALIYWDDDKRY SPSL
KSRLTITROTSKNQVVLTMTNMDPVDTATYYCAHAPRYTPGGYFDY
WGEOGTLYTVSSEPKSSDK THTCPPUPAPPVAGPSYVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWILNGKEYKCAVSNEKALAAPIEKTISKAKGQPREPQ
VYTLPPPSEELALNELVTLTCLVEGFYPSDIAVEWLQGSQELPREKYL
TWAPYVLDSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALHNRFTQK
SLDRSPGKGGGGSGGGGSGGGGSGGGGRETTLTOSPATLSVSPGETAT
LSCRASQSVSSNLAWYQQKPGOQAPRLLIYGASTRATGIPATFSGRGSG
TEFTLTISSLQSEDFAIVYCQOYKNWPPAFGGOTELEIKGGGGSGGGG
SGGGGSGGOGSQVTLKESGPTLVRPTQTLTLTCSFSGFSITTSGVSVG
WIRQPPGKALEWLALIYWDDDKRYSPSLKSRLTITRDTSKNGVVLTM
TNMDPVDTATYYCAHAPRYTPGGYFDYWGQGTLYTVSS

(SEQ ID NG: 167)
Light Chain;
QAVVTQGEPSLTVSPGGTYVTLTCRSSTGAVTTENY ANWYQGKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTRKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPOGAVTIVAWKADSSPVKAGVETTTPSKQSNNKY AASSYLSLTPEQW
KSHRSYSCOVTHEGSTVEKTVAPTECS

(SEQ IDNG: &4

GIA02 TA(2)

First Heavy Chany

EVOLVESGGGLVQPGGSLKLSCAASGFTENTY AMNWVYROQASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCVRHGNFGNSYVESWFAYWGQGTMVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPERPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYIONVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKE
NWYVDGVEVHNAKTEPREEQGYNSTYRVVSVLTVLRHODWILNGKEYK
CKVSNKALGAPIEKTISKAKGOPFRPEVHLLPPSREEMTENQYSLTCL
ARGFYPKDIAVEWESNGOPENNYKTTPSROQEPSOQGTTTFAVTSKLTIVD
KSRWOQOGNVFSCSYVMHEALHNHY TQKTISLSPGK

(SEQ ID NO: 218)
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Second Heavy Chain:
ETTLTQSPATLSVSPGETATLSCRASOSVSSNLAWY QOKPGQAPRLLE
YGASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIYYCOQQYKNWEPA
FGGGTELEIKGGGGSGGGGSGGGERSGGGGSQVTLRESGPTLVEPTQT
LTLTCSESGFSITTSGVSVGWIRQPPGKALEWLALIYWDDDKRY SPSL
KSRLTITRDTSKNQVVLTMTNMDPVDTATYYCAHAPRYTPGGYFDY
WOQGTLVTVSSEPKSSDKTHTCPPCPAPEAAGGPSVFLFPPRPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGRKEYKCKVSNKALGAPIEKTISKAKGOQPREP
QVYTLPPPSEELALNELVTLUTCLVKGEFYPSDIAVEWLQGSQELPREKY
LTWAPVLDSDGSFFLYSILRVAAEDWEKKGDTFSCSYVMHEALHNHYTQ
KSLDRSPGKGGGGSGGGGSGGGGSGGGGSETTLTOSPATLSVSPGET
ATLSCRASQSVSSNLAWYQQOKPGOQAPRLLIYGASTRATGIPATFSGSG
SGTEFTLTISSLOSEDFAIYYCQQYKNWPPAFGGGTELEIKGGGGSGG
GGSGGGGSGGOGSQVTLRESGPTLVEPTQTLTLTCSFSGFSITTSGVSY
GWIRQPPGKALEWLALIYWDDDKRYSPSLESRLUTITRDTSENGVVLT
MTINMDPVDTATYYCAHAPRYTPGGYFDYWGQGTLVTVSS

(SEQID NG 219)
Light Chain:
QIVVTQEPSLTVSPGGTVTLTCASSTGAVTTSNY ANWVQQKPGQAPRR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTRKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYVKAGYVETTTPSKQSNNKYAASSYLSLTPEGW
KSHRSYSCQVTHEGSTVEKTVAPTECS

{(SEQ ID NGO 85)

VLLO7x1F3.5
(1B)

First Heavy Chaux
EIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQOAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORSNWPPST
FGQGTRLEIKGGGGSGGGGSGGOGSGGGGSEVQLLESGGGLVQPGES
LRLSCAASGFTFTSYAMSWVYROQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPRKDTLMISRTPEY
TCVVVDVSHEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSY
LTVEHQDWELNGKEYKCKVENKALGAPIEKTISKAKGOQPFRPEVHLLPP
SREEMTKNQVSLTCLARGFYPKDIAVEWESNGQOPENNYKTTPSRQERS
QGTTTFAVTSKLTVDKSRWOQGNVEFSCSYMHEALHNHYTQKTISLSP
GRGGGGSGGOGSGHGOSGEGESEVOLVESGGGLVGPGGSLRLSCAA
SGFTENTY AMNWVROQAPGKGLEWVARIRSEYNNY ATYYADSVEDR
FTISRDDSKNTLYLOMNSLRAEDTAVYYCVRHGNFGNSYVEWFAYW
GOGTMVTVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVT
VEWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNYN
HEKPSNTKVDKKVEPKSC

(SEQ ID NG: 109)
Second Heavy Chain:
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVY Y CQOQRSNWPPEST
FGOQGTRLEIKGGGGSGGGGSGGGGSGGGGSEVOLLESGGGLVOPGGS
LRLSCAASGFTFISY AMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSENTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VTVSSEPKSSDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEY
TCVVVDVYSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
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LTVEHOQDWINGKEYKCKVSNKALGAPIEKTISKAKGOPREPOVYTLP
PPSEELALNELVTLTCLVEGFYPSDIAVEWLOGSQELPREKYLTWAPY
LDSDGSFFLYSILRVAAEDWRKERKGDTFSCSVMBEALHNHYTQKSLDRS
PGK

(SEQ 1D NO: 110}
Light Chain:
QAVVTQEPSLTVSPGOTVTILTCRSSTGAVTTISNYANWVQQKPGAPR
GLIGGTNKRAPGTPARFAGSLLGGRKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

{SEQ 1D NO: 84}

IB_69A02x1F3
S {1B)

First Heavy Chamn:

ETTLTOSPATLSYSPGETATLSCRASGSYSSNLAWY QOKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIY YCOOQYKNWPPAF
GGGTELEIKGGGGSGGEGSGGEESGEGHSOVTLRKESGPTLVKPTOTL
TLTCSFSGFSITTRGVSVGWIRQPPGRALEWLALIYWDDDKRYSPSLKS
RLTITRDTSKNQVYVLIMINMDPVDTATYYCAHAPRYTPGGYFDYWG
QGTLYTVSSEPKSSDRTHTCPPCPAPPVAGPSVFLFPPRKPRKDTLMISRTP
EVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEGYNSTYRVY
SVLTYVLHGDWILNGKEYKCAVSNKALAAPIEKTISKAKGQPFRPEVHL
LPPSREEMTKNQVSLTCLARGFYPKDIAVEWESNGQPENNYKTTPSRG
EPSQGTTTFAVTSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKTIS
LSPGRGGGGSGGGGSGGOGSGGGUGSEVQLVESGGGLYQPGGSLRLSC
AASGFTFNTYAMNWVYROQAPGKGLEWVARIRSKYNNYATYYADSVK
DRFTISRDDSKNTLYLOQMNSLRAEDTAVYYCVRHGNFGNSY VSWFA
YWGOGTMVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEP
VIVSWNSGALTSGVHTFPAVLGSSGLY SLSSYVVTVPSSSLGTQTYICN
VNHEKPSNTKVDEKKVEPKSS

{(SEQID NQO: 112}
Second Heavy Chan:
ETTLTQSPATLSYSPGETATLSCRASQSVSSNLAWY QQKPGQAPRLLYY
GASTRATGIPATFSGSGSGTEFTLTISSLQSEDFATY YCQUYKNWPPAF
GGGTELEIKGGGGSGGGGSGGGGSGGGGSQVTLKESGPTLVEPTQTL
TUTCSFSGFSITTISGVSVGWIRQPPGKALEWLALIYWDDDKRYSPSLKS
RLTITRDTSKNGQVVLTMTINMDPVDTATYYCAHAPRYTPGGYFDYWG
QOTLYTVSSEPKSSDKTHTCPPCPAPPVAGPSVYFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTYRVY
SVYLTVLHQDWINGKEYKCAVSNKALAAPIEKTISKAKGQPREPQVYT
LPPPSEELALNELVTLTCLYVKGEFYPSDIAVEWLOGSQELPREKYLTWA
PVLDSDGSFFLY SILRVAAEDWEKKGDTFSCSVMBEALHNRFTOKSLD
RSPGK

{(SEG ID NO: 113}
Laght Chain;
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQQKPGQAPR
GLIGGTNEKRAPGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCALWY
SNEWVFGGGTKUTVLGOPRKAAPSVTLFPPSSEELQANKATLYCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKOSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ 1D NG: 24)
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69A02 (IBX2)

First Heavy Cham:

ETTLTOSPATLSVSPGETATLSCRASGSVSSNLAWY QOQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIYYCOQYKNWPPAF
GGGTELEIKGGGGSGGGGSGGGGSGGGGSOVTLKESGPTLVKPTOTL
TLTCSFSGESITTSGYSVOGWIRQPPGKALEWLALIYWDDDKRYSPSLKS
RLTITRDTSKNGQVVLTMINMDPVDTATYYCAHAPRYTPGGYFDYWG
QGTLVTVSSEPKSSDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISR
TPEVTICVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHODWILNGKEYKCKVSNKALGAPIEKTISKAKGQPFRPEY
HLLPPSREEMTKNOQVSLTCLARGFYPK DIAVEWESNGOPENNYKTTES
ROEPSQGTTTFAVTISKLTVDKSRWOQONVESCSVMHEALHNHYTQK
TISLSPGKGGGGSGGGGSGGGGSGOGGSEVQLVESGGGLVGPGGSLR
LSCAASGFTFNTYAMNWYROQAPGKGLEWVARIRSKYNNYATYYADS
VKDRFTISRDDSKNTLYLOMNSLRAEDTAVYYCUVRHOGNFGNSYVSW
FAYWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVESSSLGTQTYL
CNVNHEPSNTKVDKKVEPKSC

{(SEQ ID NO: 220)
Second Heavy Chain:
ETTLTOSPATLSVSPGETATLSCRASQSVESNLAWY QOQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOQSEDFATY YCQQYKNWPPAF
GOOTELEIKGGGGSGGGGSGGOOSGGGGSOVTLKESGPTLVKPTQTL
TLTCSFSGESITTSGVSVGWIRQPPGRALEWLALIYWDDDKRYSPSLKS
RLTITRDTSKNQVVLITMINMDPVDTATYYCAHAPRYTPGGYFDYWG
QGTLYTVSSEPK SSDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYR
VYSVLTVLHODWLNGKEYKCKVSNKALGAPIEKTISKAKGQOPREPQV
YTLPPPSEELALNELVTLTCLVKGFYPSBIAVEWLQGSQELPREKYLT
WAPVLDSDGSFFLY SILRVAAEDWKKGDTFSCSVMHEALHNHYTQKS
LDRSPGK

{SEGIDNG: 22D
Lioht Chain:
QAVVTQEPSLTYVSPGGTVTILTCRSSTGAVTTSNY ANWVQOKPGRAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKOSNNEY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ 1D NO: 84)

82HO2
YVELOTXIF3S-
VH1.03
YH-VYL sckFvy

Furst Heavy Cham:

EVQLVESGGGLVGPGGSLKLSCAASGFTFNTY AMNWYRQASGKGLE
WVGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCVRHGNFGASYVSWFAYWGOGTMVTVSSASTRKGPSVEPLAPS
SKETSGGTAALGCLVKDYFPEPVTVEWNSGALTSGVHTFPAVLQSSGL
YSLESVVTVPSSSLOTQTYICNVNHKPSNTKVBRKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTOVVVDVSHEDPEVEFRN
WY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWINGKEYKC
KVSNKALGAPIEKTISKAKGOPFRPEVHLLPPSREEMTKNQVSLTCLA
RGFYPKDIAVEWESNGOPENNYKTTPSRQEPSQGTTTFAVTSKLTVDE
SRWOQQGNVFSCSVMHEALHNHY TQKTISLSPGK

(SEQ ID NO: 94)
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Second Heavy Chain:

EVQLLESGGGLVYQPGGSLRLSCAASGFTFTSY AMSWYVROQAPGKGLEW
VSTISGSGGGTYYTDSVRGRFTISRDNSENTLYLOQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGRSGGGES
EIVLTQSPATLSLSPGERATLSCRASQOSVSSY LAWY QQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSNWPPST
FGOUGTRLEIKEPKSSDK THTCPPCPAPEAAGGPSVFLFPPKPEDTLMISR
TPEVTICVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHODWILNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQY
YT1LPPPSEELALNELVTLTCLVKGFYPSDIAVEWLOGSQELPREKYLT
WAPVLDSDGSFFLY SILRVAAEDWEKGDTFSCSVMHEALHNHY TQKS
LDRSPGKGGGGSGGGGSGGGGSGGGGSEVQLLESGGGLYQPGGSLRL
SCAASGFTFTSY AMSWVROQAPGKGLEWVSTISGSGGGTYYTDSVKGR
FTISRDNSKNTLYLOMNSLRAEDTAVY Y CAQGSSIFDYWGQGTLVTV
SSGGGGSGOGOGSGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRAS
QSVSSYLAWY QOKPGQAPRLLIVDASNRATGIPARFSGSGSGTDRTLTL
SSLEPEDFAVYYCOORSNWPPSTFGOGTRLEIK

{(SEQ ID NO: 222)
Light Chain:
QAVVTOEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQOKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVYFGGGTKLTVLGOQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYRAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAFPTECS

{(SEQ ID NG: 84)

&IHO2
VELI.07xIF3.5-
YH1.01-
VL0

VH-VL scFv

First Heavy Chain;

EVQLVESGGGLYQPGGSLEKLSCAASGFTENTY AMNWVYRQASGEGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCOVRHGNFGNSY VSWFAY WGQGTMYTVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNYNHKPSNTKVDKKVEPKSUDETHTCP
PCPAPEAAGGPSVEILFPPRPKDTLMISRTPEVTICVVVDVSHEDPEVKEN
WYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHGDWLNGKEYKC
KVSNKALGAPIEKTISKAKGQPFRPEVHLLPPSREEMTENQVSLTCLA
RGFYPKDIAVEWESNGQPENNYKTTPSROEPSQGTTTFAVTSKLTVDK
SRWOQOGNVFSCSVMHEALHNHY TOKTISLSPGK

(SEQ ID NG: 97)
Second Heavy Chan:

EVQLLESGGOLVQPGGSLRLSCAASGFTFTSY AMSWVROAPGKGLEW
VETISGSGGGTYYTDSVKGRETISRDNSKNTLYLOMNSLRAEDTAVYY
CAQGSSIFDYWGOQGTLVTVSSGGGGSGGGGRGGGGSGGGGSEIVLTO
SPATLSLSPGERATLSCRASQSVESY LAWY QUKPGOQAPRLLIYVDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSNWPPSTFGQGT
RLEIKEPKSSDETHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVYSVYL

TVLEHOQDWLNGKEYKCRVSNKALGAPIEKTISKAKGOPREPQVY TLPP
PSEELALNELVTLTCLVEGFYPSDIAVEWLOGSQELPREKYLTWAPVL
DSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALHNHY TQKSLDRSP
GKEVQLLESGGGLY QPGGSLRLSCAASGEFTFTSY AMSWVRGAPGKGL
EWVSTISGSGGGTYYTDSVKGRITISRDNSKNTLYLGMNSLRAEDTA
VYYCAQGSSIFDYWGQGTLVTVSSGGGGRGGGGSGGGGSGGGGSGH
GGSGGOGSGGOGSGGOGSEIVLTOSPATLSLSPGERATLSCRASQSVSS

87




WO 2023/019121

PCT/US2022/074686

YLAWYQQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEP
EDFAVYYCQORSNWPPSTFGOGTRLEIX

(SEQ ID NO: 223)
Lioht Chain:
QTVVTQEPSLTVSPGGTVILTCASSTGAVTTSNY ANWVQQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFE
YPGAVTVAWKADSSPVKAGVETTTPSKQSNNEYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ 1D NQ: 85)

82HO02
VL1.06xiF3.5-
YH1.03
VH-VL scFvy

Fust Heavy Chamn:

EVQLVESGGGLVOPGGSLKLSCAASGFTFNTY AMNWYRQASGKGLE
WYGRIRSKYNNYATYYADSVEKGRFTISRDDSKNTLY LOMNSLETEDT
AVYYCVRHGNFGASY VSWFAYWGQGTMVTVSSASTRKGPSVEPLAPS
SKSTSGGTAALGULVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLESVVTVPSSSLOGTOTYICNYNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSYVLTVLHQDWLNGKEYKC
KVSNKALGAPIEKTISKAKGOPFRPEVHLLPPSREEMTKNQVSLTCLA
RGFYPKDIAVEWESNGOPENNYKTTPSRQEPSQGTTTFAVTSKLTVDE
SRWOQGNVFSCSVMHEALHNHY TQKTISLSPGK

(SEQ 1D NO: 100)
Second Heavy Chain:
EVOQLLESGGGLVQPGGSLRLSCAASGFTFTSYAMSWYRQAPGKGLEW
VSTISGSGOGGTYYTDSVREGRFTISRDNSENTLYLOMNSLRAEDTAVYY
CAGGSSIFDYWGQGTLVTVSSGGGGSGOGGSGGGGSGGGGSEIVLTG
SPATLSLSPGERATLSCRASQSVSSYLAWYQOQKPGOAPRLLIYDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPFTFGQGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWINGKEYKCKVSNKALGAPIEKTISKAKGOPREPQVYTLPP
PSEELALNELVTLTCLVKGFYPSDIAVEWLQGSGELPREKYLTWAPVL
DSDGSFRLY SILRVAAEDWKKGDTFSCSVMHEALHNHYTQKSLDRSP
GRGGGGSGGGGSGEGOSGGGGESEVOLLESGGGLYQPGGSLRLSCAA
SGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSVKGRFTISR
DNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTLVTVSSGG
GGSGGGGSGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRASQRVSES
YLAWYQGKPGQAPRLLIVDASNRATGIPARFSGSGSGTDFTLTISSLE?R
EDFAVYYCQQRSNWPPFTFGOQGTRLEIK

{(SEQ D NO: 224)
Light Chain;
QAVVTGQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQOQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSYVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYKAGVETITPSKQSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVERKTVAFTECS

(SEQ ID NOG: 84)

82HO02
VL1.06x1F3.5-
VHI1.01-
VL1.01

First Heavy Chain:

EVQLVESGGGLVQPGGSLELSCAASGFTFNTY AMNWVYRQASGEGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCVRHGNFGNSYVSWFAYWGQGTMVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

58




WO 2023/019121

PCT/US2022/074686

VH-VL scFv

YSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDERVEPESCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEKFRN
WY VDGVEVHNAKTKPREEQYNSTYRVVSVLIVLHQDWELINGKEYKC
KVSNKALGAPIEKTISKAKGOPFRPEVHLLPPSREEMTKNQVSLTCLA
RGFYPKDIAVEWESNGOPENNYKTIPSRQEPSQGTTTFAVISKLTVDK
SRWQOQGNVESCSVMHEALHNHYTQKTISLSPGK

{(SEQ 1D NO: 103)

Second Heavy Chain:
EVOLLESGGGLVQPGGSLRLSCAASGFTFTSYAMSWVROAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNMNSLRAEDTAVYY
CAQGSSIFDYWGGQGTLVTVSSGGGGSGGGESGGGGSGEGGSEIVLTQ
SPATLSLSPGERATLSCRASQSVESYLAWYQOKPGOQAPRLLIYDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVY Y CQORSNWPPFTFGQGT
RLEIKEPKSSDEKTHTCPPCPAPEAAGGPSVFLFPPRKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVYL
TVLHODWINGKEYKCKVSNKALGAPIEKTISKAKGOPREPOQVYTLPP
PSEELALNELVTLTCLVKGFYPSDIAVEWLOGSQELPREKYLTWAPVL
DSDGSFFLY SILRVAAEDWKKGDTFSCSYVMHEALHNHY TQKSLDRSP
GKGGGGSGGGGSGGGGSGGGGSEVQLLESGGGLYOPGGSLRLSCAA
SGFTFTSY AMSWVRQAPGKGLEWVSTISGSGGGTYYTDSVKGRITISR.
DNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGOGTLYTVSSGG
GGSGGOGSGGGGSGOGGGSEIVLTOSPATLSLSPGERATLSCRASQSYSS
YLAWYQGKPGQAPRLLIVDASNRATGIPARFSGSGSGTDFTLYISSLEP
EDFAVYYCQORSNWEPPFTFGOGTRLEIK

{(SEG 1D NO: 225}
Laght Chain;
QTYVTQEPSLTVSPGGTVTLTCASSTGAVTTSNY ANWVQQKPGQAPR
ALIGGTNERAPGTPARFSGSLLGGKAALTLSGVQPEDEARYYCALWY
SNEWVFGGGTKUTVLGOPRKAAPSYVTLFPPSSEELQANKATLYCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKOSNNEY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ 1D NO: 853

69A0Zx1IF3.5:

VH-VL scFv

First Heavy Cham:
EVQLVESGGGLVGPGGSLRLSCAASGFTENTY AMNWYRQAPGKGLE
WVARIRSKYNNYATYYADSVEDRFTISRODSKNTLYLOQMNSLRAEDT
AVYYCVRHGNFGNSYVSWFAYWGQGTMVTVSSASTKGPSVEPLAPRS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGYHTFPAVLQSSGL
YSLESVVTVPSSSLOTOTYICNVNHKPSNTKVDEKVEPKSCDKTHTCP
PCPAPPVAGPSVFLEFPPRPKDTLMISRTPEVTICVVVDYSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
AVSNKALAAPIEKTISKAKGOPFRPEVHLLPPSREEMTKNQVSLTCLA
RGFYPKDIAVEWESNGQPENNYKTIPSRQEPSQGTTTFAVTSKLTVDK
SRWOQGNVFSCSYVMHEALHNHYTQKTISLSPGK

{(SEGQ 1D NO: 106}
Second Heavy Chain;
QVTLKESGPTLVKPTOTLTLTCSFSGFSITTSGVSVGWIRQPPGKALEW
LALIWYWODDKRYSPSLKSRUTITRDTSENGVVLTMINMDPVDTATYY
CAHAPRYTPGGY FDYWGOGTLVTVSSGGGGSGGGGSGEEESGGGES
ETTLTQSPATLSVSPGETATLSCRASQSVSSNLAWY QQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFATY YCQOQYKINWPPAF
GGGTELEIKEPKSSDKTHTCPPCPAPPYAGPSVELFPPKPKDTLMISRTP
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EVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTRKPREEQYNSTYRVY
SVLTVLHGDWLNGKEYKCAVSNKALAAPIEKTISKAKGQPREPOVYT
LPPPSEELAINELVTLTCLVKGEYPSDIAVEWLQGSQELPRERKYLTWA
PVLDSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALHNRFTQKSLD
RSPOGKOQVTLKESGPTLVKPTOTLTL TCSFSGFSITISGVSVGWIRQPPG
KALEWLALIYWDDDKRY SPSLKSRLTITRDTSKNGQYVVLTMINMDPYD
TATYYCAHAPRYTPGGYFDYWGRQGTLVTVSSGGGGSGGGGRGOGES
GOOGSGGGHGSGGGESOOGGSGGOOSETTLTQSPATLSVSPGETATLS
CRASGSVSSNLAWYQOKPGQAPRLLUIYGASTRATGIPATFSGSGSGTE
FILTISSLOSEDFAIYYCQOYKNWPPAFGGGTELEIK

{(SEQ ID NO: 226)
Light Cha:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQOQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWYFGGGTRLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYVEAGVETTTPSKQSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVERTVAPTECS

(SEQ ID NO: 84y

69A02 TA(D)
VH-VL scFv

First Heavy Chain;

EVOLVESGGGLVQPGGSLKLSCAASGFTFNTY AMNWYVYROASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCVRHGNFGNSY VEWFAYWGQGTMVTVSSASTKGPSVEPLAPS
SKSTSGOTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNVNHEPSNTRKVDKKVEPKSCDRKTHTCP
PCPAPEAAGGPSVELFPPRKPKDTLMISRTPEVTICVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALGAPIEKTISKAKGOPFRPEVHLLPPSREEMTEKNGQVSLTCLA
RGFYPKDIAVEWESNGQPENNYKTTPSROEPSQGTTTFAVISKLTVDK
SRWGOGNVESCSVMHEALHNHY TOKTISLSPGK

{SEQ ID NQG: 218)
Second Heavy Chan:
QVTILKESGPTLVKPTQTLTLTCSFSGFSITTSGVSVOWIRGPPGRALEW
LALIYWDDDERYSPSLEKSRLTITRDTSKNGVVLTMTINMDPVDTATYY
CAHAPRYTPGOYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGES
ETTLTOSPATLSVSPGETATLSCRASGSVSSNLAWY QOKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIYYCOQYKNWPPAF
GUGGTELEIKEPKSSDKTHTCPPUPAPEAAGGPSVELFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWY VDG VEVHNAKTKPREEQYNSTYRY
VSVLTVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQOPREPQVY
TLPPPSEELALNELVTLUTCLVKGFYPSDIAVEWLOQGSQGELPREKYLTW
APVLDSDGSFFLYSILRVAAEDWKKGDTFSCSYVMHEALHNHY TQKSL
DRSPGKGGGGSGGGGSGGGESGGGGSOVTLKESGPTLVEPTQTLTLY
CSFSGFSITTSGVSVGWIRQPPGKALEWLALIYWDDDKRYSPSLKSRLT
ITRDTSKNOQVVLTMTNMDPVDTATYYCAHAPRY TPGGYFDYWGQGT
LVTVSSGGOGSGGOGGSGOGGSGGOGSETTLTOSPATLSVSPGETATLS
CRASQSVSSNLAWYQQKPGOAPRLLIYGASTRATGIPATFSGSGSGTE
FILTISSLOSEDFAIYYCQQYKNWPPAFGGGTELEIX

{SEGID NG: 227}
Lioht Chain:
QTVVTQEPSLTVSPGOTVTLTCASSTGAVTTSNY ANWVGOQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLUTVLGOPKAAPSVTLFPPSSEELOQANKATLVCLISDF
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YPGAVIVAWKADSSPVKAGVETTIPSKQSNNEY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

{(SEQ 1D NG: 85)
&2H0O2- First Heavy Cham:
VLLOTxIF3S | EVQLLESGGGLVOPGGSLRLSCAASGEFTFTISY AMSWYRQAPGKGLEW
{IB} VSTISGSGGGTYYTDSVRGRFTISRDNSENTLYLQMNSLRAEDTAVYY

VH-YL sckFy

CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTG
SPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGOAPRLLIYDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPSTFGQGT
RLEIKEPKSSDKTHTCPPUPAPEAAGGPSVELFPPKPKDTLMISRTPEVT
CYVVYDVSHEDPEVEFNWYVDGVEVHNAKTEPREEQYNSTYRVVSESVL
TYLHODWILNGKEYKCKVSNKALGAPIEKTISKAKGOPFRPEVHLLPPS
REEMTEKNQVSLTCLARGFYPKDIAVEWESNGOQPENNYKTTPSROEPS
QGTTTFAVTSELTVDKSRWQGGNVFSCSVMHEALBNHYTOKTISLSE
GKGGGGSGGGGSGGGGSGGGGSEVOLVESGGGLVQPGGSLRLSCAA
SGFTFNTY AMNWVRQGAPGKGLEWVARIRSKYNNYATYYADSVKDRF
TISRDDSKNTLYLOMNSLRAEDTAVYYCVRHGNFGNSYVSWFAYWG
QOTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTY
SWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNH
KPSNTKVDKEKVEPKSC

{(SEQ ID NO: 228)
Second Heavy Chain;
EVQLLESGGGLVQPGGSLRLSCAASGFTFTSY AMSWVRQAPGKGLEW
VETISGSGGGTYYTDSVKGRITISRDNSKNTLYLOMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGOGGSGGOGSEIVLTY
SPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIVDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORSNWPPSTFGOGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVT
CYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TYLHODWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPP
PSEELALNELVTLTCLVKGFYPSDIAVEWLQGSQELPREKYLTWAPVL
DSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALHNHYTQKSLDRSP
GK

{SEG 1D NG: 229)
Lioht Chain:
QAVVTQEPSLTVEPGGTVTLTCRSSTGAVTTSNY ANWVOQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTIPSKQSNNEY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 84)

IB_69A02x1F3
5(1B)
VH-VL scFv

Furst Heavy Cham:
QVTLKESGPTLYVKPTOTLTLTCSFSGESITTSGVSVGWIRQPPGKALEW
LALIWYWODDKRYSPSLKSRUTITRDTSENGVVLTMINMDEVDTATYY
CAHAPRYTPGGY FDYWGOGTLVTVSSGGGGSGGGGSGGEGESGGGES
ETTLTOQSPATLSVSPGETATLECRASQSVSSNLAWY QQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIY Y CQOQYKNWPPAF
GGGTELEIKEPKSSDKTHTCPPCPAPPYVAGPSVELFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVRKFNWYVDGVEVHNAKTEKPREEQYNSTYRVY
SVLTVLHGDWLNGKEYKCAVSNKALAAPTEKTISKAKGQPFRPEVHL
LPPSREEMTENQVSLTCLARGFYPKDIAVEWESNGQPENNYKTTIPSRG
EPSQGTTTFAVTISKLTVDESRWOOQGNVESCSVMHEALHNHYTOKTIS
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LSPGKOGGGSGGGOSGGGGSGGOGSEVOLVESGGGLVOPGGSLRLSC
AASGFTFNTYAMNWVROQAPGKGLEWVARIRSKYNNYATYYADSVK
DRFTISRDDSKNTLYLOMNSLRAEDTAVYYCVRHGONFGNSYVSWEA
YWGOQGTMVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP
VIVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVERSSSLGTQTYICN
VNHKPSNTKVDKKVEPKSS

{SEGQ D NO: 230}
Second Heavy Chain;
QVTLKESGPTLYVKPTOTLTLTCSFSGFSITTSGVSVGWIRQPPGKALEW
LALIYWDDDKRYSPSLKSRUTITRDTSKNGVVLTMINMDPVDTATYY
CAHAPRY TPGGYFDYWGQGTLVTVSSGGGGSGGGGSGGEGSGGGGES
ETTLTOQSPATLSVSPGETATLECRASQSVSSNLAWY QQKPGQAPRLLIY
GASTRATGIPATFSGRSGSGTEFTLTISSLOSEDFATY Y CQOQYKINWPPAF
GGGTELEIKEPKSSDKTHTCPPCPAPPVAGPSVELFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVRKFNWYVDGVEVHNAKTEKPREEQYNSTYRVY
SVLTVLHGDWLNGKEYKCAVSNKALAAPIEKTISKAKGQPREPOVYT
LPPPSEELALNELVTLTCLVKGFYPSDIAVEWLQGSQELPREKYLTWA
PYLDSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALHNRFTQKSLD
RSPGK

{SEQID NQO: 231
Light Cham:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVOQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELOQANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

{(SEQ ID NG: 34)

59A02 (1BY2)

VH-VL scFv

First Heavy Chain;
QVTLKESGPTLVKPTQTLTLTCSFSGFSITTSGYSVGWIRGPPGKALEW
LALIYWDDDKRYSPSLKSRLTITRDTSKNGQVVLTMTINMDPVDTATYY
CAHAPRYTPGGYFDYWGQGTLVTVSSGGGGRSGHOGSGGGGSGGEGS
ETTLTQSPATLSYSPGETATLSCRASQSVSSENLAWY QQKPGQAPRLLYY
GASTRATGIPATFSGSGSGTEFTLTISSLOQSEDFATY YCQUYKNWPPAF
GOGGTELEIRKEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPEKD TLMISRT
PEVTCVVVDVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTYRY
VSVLTVLHODWENGKEYKCKVSNKALGAPIEK TISKAKGQPFRPEVH
LLPPSREEMTKNQVSLTCLARGFYPKDIAVEWESNGQPENNYKTTPSR
QEPSQGTTTFAVTSELTVDKSRWQOQGNVFSCSVMHEALHNHYTQKTI
SLSPORGGOGSGOGGSGGGGSGOGGSEVOLVESGGGLVQPGGSLRLS
CAASGFTANTY AMNWVRQAPGKGLEWVARIRSEYNNYATYYADSY
KDRFTISRDDSKNTLYLOMNSLRAEDTAVY YCVRHGNFGNSY VSWY
AYWGQGTMVTVSSASTRKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP
EPVTVSWNSGALTSGVHTFPAVLGSSGLY SLSSYVTVPSSSLGTRTYIC
NVNHKPSNTKVDEKKVEPKSC

{(SEQ D NO: 232}
Second Heavy Chain;
QVTLKESGPTLVKPTOTLTLTCSFSGFSITTSGVSVGWIRQPPGKALEW
LALIWYWODDKRYSPSLKSRUTITRDTSENGVVLTMINMDPVDTATYY
CAHAPRYTPGGY FDYWGOGTLVTVSSGGGGSGGGGSGEEESGGGES
ETTLTQSPATLSVSPGETATLSCRASQSVSSNLAWY QQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFATY YCQOQYKINWPPAF
GGGTELEIKEPKSSDEKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT
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PEVTCYVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHODWLNGKEYKCKVSNRKALGAPIEKTISKAKGQPREPQVY
TLPPPSEELALNELVTLTCLVKGFYPSDIAVEWLOGSQELPREKYLTW
APVLDSDGSFFLYSILRVAAEDWKKGDTFSCSVMHEALBNHYTOKSL
DRSPGK

{SEQ ID NQO: 233
Light Chamn:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWYFGGGTRKLTVLGOQPKAAPSVTLFPPSSEELOANKATLVCLISDF
YPGAVIVAWKADSSPYRAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCOQVTHEGSTVEKTVAPTECS

(SEQ ID NG: 34)

&IHO2
VLI.07x1F3.5-
VHI.0R
GA-AG

First Heavy Chain;

EVOLVESGGGLYVOQPGGSLKLSCAASGFTFNTY AMNWYVYROASGKGLE
WVGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCVRHOGNFGASY VSWEFAYWGQGTMVYTVSSASTRKGPSVEPLAPS
SKSTSGOTAALGCLVEDYFPEPVTVSWNSGALTSGVHTIFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNYNHEPSNTEVDKKVEPKSCDRTHTCP
PCPAPEAAGGPESVEFLFPPRPKDTLMISRTPEVTCVVVDVYSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALGAPIEKTISKAKGOQPREPQVYTLPPPSEELALNELVTLTCLY
KOGFYPSDIAVEWLQGSQELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSVMHEALHNHYTQKSLDRSPGK

(SEQ ID NO: 234)
Second Heavy Chain:
EIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSNWPPST
FGOGTRLEIKGGGGSGGGGSGGGGSGGGGSEVQLLESGGGLVQPGGS
LRESCAASGFTFTSY AMSWVRQAPGKGLEWVYSTISGSGGGTYYTDSVY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDK THTCPPCPAPEAAGGPSVILFPPKPKDTLMISRTPEVT
CYVVDVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWINGKEYRKCEVSNKALGAPIEKTISKAKGOPFRPEVHLLPPES
REEMTKNQVSLTCLARGFYPKDIAVEWESNGOPENNYKTTPSRQEPS
QGTTTFAVTSKLTVDKSRWOQGNVFSCSVMHEALHNHYTQKTISLSP
GKGGGGSGGGGRGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRAS
QSVSSYLAWYQOKPGQAPRLLIVDASNRATGIPARFSGSGSGTDFRTLTI
SSLEPEDFAVYYCQQRENWPPSTFGOGTRLEIKGGGGSGGGGIGGEGH
SGGGGSEVQLLESGGGLVOPGGSLRLSCAASGFTFTSYAMSWYROQAP
GRKGLEWYVSTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAQGSSIFDYWGQGTLYTVSS

{(SEG 1D NO: 235}
Light Chain:
QAVVTQEPSLTVSPGOTVTLTCRSSTGAVTTSNY ANWVQQOKPGRQAPR
GLIGGTNEKRAPGTPARFSGSLLGGRKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKUTVLGOPKAAPSVYVTLFPPSSEELQANKATLYCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKOSNNEY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 84)
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82HO02
YVELOTxIF3S5-
VH1.01-
Yiiol
GA-AG

First Heavy Cham:

EVQLVESGGGLVQPGGSLKLSCAASGFTFNTY AMNWYRQASGKGLE
WVGRIRSKYNNYATYYADSVEGRFTISRDDSKNTLY LOMNSLETEDT
AVYYCVRHGNFGNSY VSWFAYWGOGTMVTVSSASTRKGPSVEPLAPS
SKSTSGGTAALGULVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLOTQTYICNYNHKPSNTKVBRKKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFRN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
KVSNKALGAPIEKTISKAKGOPREPOVYTLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLOGSQELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSVMHEALBNHYTOKSLDRSPGK

(SEQ 1D NG: 236)
Second Heavy Chain:
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWY QQKPGGRAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSNWPPST
FGOGTRLEIKGGGGSGGGGSGGGGSGGGGSEVOLLESGGGLYGPGGS
LRLSCAASGFTFISY AMSWVROAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRONSKNTLYLOQMNSLRAEDTAVYYCAQGSSIFDYWGOGTL
VIVSSEPKSSDK THTCPPCPAPEAAGGPSVFLFPPK PKDTLMISRTPEVT
CVVVDVYSHEDPEVEFNWYVDGVEVHNAKTEPREEQYNSTYRVVYSVL
TVLEHODWLNGKEYKCKVSNRKALGAPIEKTISKAKGQPFRPEVHLLPPS
REEMTEKNGVSLTCLARGFYPKDIAVEWESNGQPENNYKTTPSRQEPS
QGTTTFAVTSELTVDKSRWQGGNVFSCSVMHEALHNHYTOKTISLSE
GRGGGGSGGOGSGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRAS
QSVSSYLAWYQUKPGQAPRLLIVDASNRATGIPARFSGRGSGTDFTLTI
SSLEPEDFAVYYCQOQRSNWPPSTFGQGTRLEIKGGGGSGGGGSGGEG
SGGGGSEVOLLESGGGLYQPGGSLRLSCAASGFTFTSYAMSWVRQAP
GKGLEWVSTISGSGGGTYYTDSVKGRETISRDNSKNTLYLGMNSLRA
EDTAVYYCAQGSSIFDYWGQGTLVTVSS

(SEQ 1D NO: 237)
Light Chain:
QTVVTIQEPSLTYSPGGTVILTCASSTGAVTTISNY ANWYVQOKPGOAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSYVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYVEAGVETTITPSKQSNNKY AASSYLSLTPEQW
KSHRSYSCOVTHEGSTVERTVAFTECS

(SEQ ID NO: 85)

82HO2
VEL1.06x1F3.3-
VHI1.03
GA-AG

First Heavy Chain;

EVQLVESGGGLVQPGGSLEKLSCAASGFTFNTY AMNWVYRQASGRKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCOVRHGNFGASYVSWEFAYWGQGTMVYTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVRSSSLGTOTYICNVNHEKPENTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVELFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALGAPIEKTISKAKGQPREPQVY TLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLOQGSQGELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWEKKGDTFSCSYMHEALHNHY TQKSLDRSPGK

{SEQ ID NO: 238)
Second Heavy Chain:
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWERPET
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FOOQGTRLEIKGGGGSGGGGSGGGGRGOGGSEVOLLESGGGLYQPGES
LRLSCAASGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAGGSSIFDYWGQGTL
VIVSSEPKSSDKTHTCPPCPAPEAAGGPSVILFPPKPKDTLMISRTPEVT
CYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWLNGKEYKCKVSNKALGAPIEKTISKAKGQPFRPEVHLLPPS
REEMTKNGQVSLTCLARGFYPKDIAVEWESNGQOPENNYKTTPSRQEPS
QOTTTFAVTSKLTVDEKSRWQQONVFSCSVMHEALHNHY TQKTISLSP
GKGGGGSGGGGRSGGGGSGGOGSEIVLTOQSPATLSLSPGERATLSCRAS
QSVSSYLAWYQQKPGOAPRLLIVDASNRATGIPARFSGSGSGTDFTLTY
SSLEPEDFAVYYCQORSNWPPFTFGQGTRLEIKGGGGSGGGGSGGGG
SGGGGSEVQLLESGGGLVQPGGSLRLSCAASGFTHFTSYAMSWVYRQAP
GKGLEWVSTISGSGGOTY Y TDSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAQGSSIFDYWGQGTLVTVSS

{SEQ ID NO: 239}
Light Chamn:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALUTLSGVQPEDEARYYCALWY
SNLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELOANKATLVCLISDF
YPCGAVIVAWKADSSPVKAGVETTTPSKQSNNEKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 84)

&2HO2
VL1.06xIF3.5-
VHI1.01-
VL1901
GA-AG

First Heavy Chain:

EVQLVESGGGLVQPGGSLKLSCAASGFTINTY AMNWYRQASGKGLE
WVYGRIRSKEYNNYATYYADSVEGRFTISRDDSKNTLY LOMNSLETEDT
AVYYCVRHGNFGNSYVSWFAYWGQGTMVTVSSASTRGPSVEPLAPS
SKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNYNHEKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSYFLEPPKPKDTLMISRTIPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVENKALGAPIEKTISKAKGOQPREPQVYTLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLOGSQELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSVMHEALHNHYTQKSLDRSPGK

(SEQ 1D NO: 240}
Second Heavy Chain:
EIVLTOSPATLSLSPGERATLSCRASOSVSSY LAWY QOQKPGOQAPRLLEY
DASNRATGIPARFSGSGSGTDEFTLTISSLEPEDFAVYYCQQRSNWPPEFT
FGQUGTRLEIKGGGGSGOGGSGGOGSGGGGSEVQLLESGGGLVQPGGS
LRLSCAASGFTFTSY AMSWVROAPGKGLEWVYSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDK THTCPPCPAPEAAGGPSVFLFPPK PKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWINGKEYKCKVSNKALGAPIEKTISKAKGOPFRPEVHLLPPS
REEMTKNQVSLTCLARGFYPKDIAVEWESNGOQPENNYKTTPSRQEPS
QGTTTFAVTSKLTVDKSRWOOGNVFSCSVMHEALHNHYTQKTISLSP
GRGGGGSGOGGSGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRAS
QRVSSYLAWYGOKPGOQAPRLLIVDASNRATGIPARFSGSGSGTRFRTLTL
SSLEPEDFAVYYCQORSNWPPFTFGOGTRLEIKGGGGSGGGGSGGGE
SGGGGSEVQLLESGGGLVOPGGSLRLSCAASGFTFTSY AMSWVRQAP
GKGLEWVSTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAQGSSIFDYWGQGTLVTVSS

(SEQ 1D NO: 241)

95




WO 2023/019121

PCT/US2022/074686

Laght Chain;
QTVVTQEPSLTVSPGGTVTLTCASSTGAVTTSNYANWVYQQKPGUOAPR
ALIGGTNEKRAPGTPARFSGSLLGGRKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLUTVLGOPKAAPSYTLFPPSSEELQANKATLYCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKOSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ TD NG: &5)

6OA02 1A(2)
GA-AG

Fust Heavy Chain:

EVQLVESGGGLVQPGGSLEKLSCAASGFTFNTY AMNWYRQASGKGLE
WVYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LQMNSLKTEDT
AVYYCVRHGNFGNSYVSWFAYWGQGTMVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGYVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDEKVEPKSCDKTHTCP
PCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
KVSNKALGAPIEKTISKAKGQPREPQVYTLRPPSEELALNELVTLTCLY
KGFYPSDIAVEWLQGSQELPREKY LTWAPVLDSDGSFFLYSILRVAAE
DWERKGDTFSCSVMHEALHNHYTQKSLDRSPGK

{SEQ D NO: 242)
Second Heavy Chain;
ETTLTOSPATLSVSPGETATLSCRASQSVSSNLAWY QUKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIY YCOQYKNWPPAF
GOOGTELEIKGGGGSGGGGSGHGGESGGGGSOVTLRKESGPTLVKPTOTL
TLTCSFSGFITTSGYSVGWIRGPPGRALEWLALIYWDDDKRY SPSLKS
RLUTITRDTSKNQVVLTMINMDPYDTATYYCAHAPRYTPOGGYFDYWG
QGTLVTVSSEPKSSDRTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISR
TPEVICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHODWLNGKEYKCKVENKALGAPIEKTISKAKGQPFRPEVY
HLLPPSREEMTRNQVSLTCLARGFYPKDIAVEWESNGOPENNYKTTPS
ROQEPSQGTTTFAVISKLTVDKSRWOQOQGNVYFSCSYVMHEALHNHYTQK
TISLSPGKGGGGSGGGGRGGGGSGOGGSETTLTOSPATLSVSPGETAT
LSCRASQSVSSNLAWYQOQKPGQAPRLLIVGASTRATGIPATESGSGSG
TEFTLTISSLGSEDFATYYCQOQYEKNWPPAFGGGTELEIKGGGGRGGGGS
GOGGSGGGGSQVTLKESGPTLVKPTOTLTLTCSFSGFSITTSGVSVGWE
ROPPGKALEWLALIYWDDDKRYSPSLKSRETITRDTSKNOQVVLTMTN
MDPVDTATYYCAHAPRYTPGGYFDYWGQGTLVTVSS

{SEQ ID NQO: 243)

Light Cham:
QTVVTQEPSLTVSPGGTVTLTCASSTGAVTTISNY ANWYQQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELOANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 85)

§2HO2-
VL1.07x1F3.5
(1B}

GA-AG

First Heavy Chain;

EIVLTQSPATLSLSPGERATLSCRASQOSVESY LAWY QQKPGQAPRLLIY
DASNRATGIPARFSGRGSGTDFTLTISSLEPEDFAVYYUQOQRSNWPPST
FGQGTRLEIKGGGGSGGGGIGGHOGSGGGGSEVQLLESGGGLYQPGGS
LRESCAASGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDETHTCPPCPAPEAAGGESVFLFPPKPRKDTLMISRTPEVT
CVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
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TVLHQDWLNGKEYKCEVSNKALGAPIERTISKAKGQOPREPOVYTLPP
PSEELALNELVTLTCLVKGFYPSDIAVEWLOGSQELPREKYLTWAPVL
DSDGSFFLY SILRVAAEDWKKGDTFSCSYMHEALHNHY TQKSLDRSP
GRGGGGSGHEGESGGHGSGGGGSEVQLVESGGOLVGPGGSLRLECAA
SGFIFNTYAMNWVROAPGKGLEWVARIRSKYNNYATYYADSVKDRF
TISRDDSKNTLYLOQMNSLRAEDTAVYYCUVRHONFGNSYVSWEFAYWG
QGTMVTVSSASTEGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSOVHTFPAVLOSSGLYSLSSVVTVRSSSLGTOQTYICNVNH
KPSNTKVDKKVEPKSC

{SEG ID NG: 244)
Second Heavy Chan:
EIVLTQSPATLSLSPGERATLSCRASOSVESY LAWY QQKPGQAPRLLIY
DASNRATGIPARFSGRGSGTDFTLTISSLEPEDFAVYYUQOQRSNWPPST
FGQGTRLEIKGGGGSGGGGIGGHOGSGGGGSEVQLLESGGGLYQPGGS
LRESCAASGFTFTSY AMSWVRQAPGKGLEWVSTISGSGGGTYYTDSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTL
VIVSSEPKSSDETHTCPPCPAPEAAGGPESVFLFPPKPRKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGOPFRPEVHLLPPS
REEMTKNQVSLTCLARGFYPKDIAVEWESNGQPENNYKTTPSRQEPS
QGTTTFAVTSKLTVDKSRWOQGOGNVEFSCSVMHEALHNHYTQKTISLSP
G

(SEQ ID NO: 245)
Light Chamn;
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQGQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYVKAGVETTTPSKOQSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 84)

69A02 (1B)2)
GA-AG

First Heavy Chain:
ETTLTQSPATLSYSPGETATLSCRASQSVSSENLAWY QQKPGQAPRLLYY
GASTRATGIPATFSGSGSGTEFTLTISSLOQSEDFATY YCQUYKNWPPAF
GOGTELEIKGGGGSGGGGSGGGGSGGEGSQVTLKESGPTLVEPTQTL
TUTCSFSGFSITTISGVSVGWIRQPPGKALEWLALIYWDDDKRYSPSLKS
RLTITRDTSKNQVVLITMINMDPVDTATYY CAHAPRYTPGGYFDYWG
QUGTLYVTVSSEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPRKIDTLMISR
TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VYSVLTVLHODWLNGKEYKCKVSNKALGAPIEKTISKAKGOPREFQV
YTLPPPSEELALNELVTLTCLVKGEFYPSBIAVEWLQGSQELPREKYLT
WAPVLDSDGSFFLY SILRVAAEDWEKKGDTFSCSVMHEALHNHYTQKS
LDRSPGRGGGGSGGGGSGGGGSGGEGSEVOLVESGGGLVOPGGSLR
LSCAASGFTFNTYAMNWVROAPGKGLEWVARIRSKYNNYATYYADS
VEDRFTISRDDSKNTLYLOMNSLRAEDTAVYYCVYRHGNFGNSYVSW
FAYWGOGTMVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLY SLASVVTYPSSSLGTOTYI
CNVNHKPSNTKVDEKVEPKSC

{SEG ID NOG: 246}
Second Heavy Chain;
ETTLTOQSPATLSVSPGETATLSCRASQSVSSNLAWYQQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFATY YCQOQYKINWPPAF
GGGTELEIKGGOGOSGGGGSGOGESGGGHSQVTLKESGPTLVKPTRTL
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TLTCSFSGFSITTSGVASVOGWIROQPPGKALEWLALIYWDDDEKRY SPSLKS
RLTITROTSENQVVLTMTNMDPVDTATYYCAHAPRYTPGGYFDYWG
QGTLVTVSSEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPEDTLMISR
TPEVTCVVVDVSHEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYR
VVSEVLTVLEHODWINGKEYKCKVSNKALGAPIEKTISKAKGOPFRPEY
HELPPSREEMTEKNQVSLTCLARGFYPKDIAVEWESNGOPENNYKTTPS
ROEPSQGTTTFAVTSKLTVDEKSRWOOQONVESCSVMHEALHNHYTOK
TISLSPGK

{(SEQ ID NO: 247
Lizht Chain:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQOKPGQAPR.
GUIGGTNKRAPGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCALWY
SNEWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYKAGVETTTPSKOSNNKY AASSYLSLTREQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 84)

82HO2
VL1.07x1F3.5-
YH1.03
VH-VL scFv
GA-AG

First Heavy Chamn:

EVOQLVESGOGGLVQPGGSLKLSCAASGFTFNTY AMNWVYRQASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCVRHGNFGASYVESWFAYWGQGTMVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGGPSVELFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHGDWLNGKEYKC
KVSNKALGAPIEKTISKAKGOPREPOVY TLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLQGSQGELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSVMHEALHNHYTQKSLDRSPGK

(SEQ ID NO: 206)
Second Heavy Chain:
EVQLLESGGGLVQPGGSLRLSCAASGFTFTISY AMSWVRQAPGKGLEW
VETISGSGGGTYYTDSVKGRFTISRONSKNTLYLQMNSLRAEDTAVYY
CAQGSSIFDYWGOQGTLVTVYSSGGGGSGGGGSGGGGRGHGGES
EIVLTQSPATLSLSPGERATLSCRASQSVASYLAWYQOQKPGQAPRLLYY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPST
FGOGTRLEIKEPKSSDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISR
TPEVICVVVDVSHEDPEVKINWY VDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLEHODWLNGKEYKCKVENKALGAPIEKTISKAKGQPFRPEVY
HLLPPSREEMTKNQVSLTCLARGFYPKDIAVEWESNGOQPENNYKTTPS
ROEPSQGTTIFAVTISKLTVDKSRWOQOQGNVFSCSVMHEALHNHYTQK
TISLSPGKGGGGSGGGGSGGGGSGGGGSEVOLLESGGGLYQPGGSLR
LSCAASGFTFTSY AMSWVROQAPGKGLEWVSTISGSGGGTYYTDSVKG
RFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAQGSSIFDYWGQGTLVT
VESGGGGRGGGGSGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRA
SOSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGSGSGTDFTL
TISSLEPEDFAVYYCQQORSNWPPSTFGQGTRLEIK

(SEQ 1D NO: 367)
Light Chain.
QAVVTQEPSLTVSPGGTVTILTCRSSTGAVTTSNYANWVOQKPGGAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKOQSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS
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(SEQ ID NO- 34)

42HO2
VLI.07x1F3.5-
VHI1.01-
VL1001

VH-VL scFvy
GA-AG

First Heavy Chain;

EVQLVESGGGLYQPGGSLKLSCAASGFTFNTY AMNWVROQASGKGLE
WVGRIRSEYNNYATYYADSVEKGRFTISRDDSKNTLY LOMNSLETEDT
AVYYCVRHGNFGNSY VSWFAYWGQGTMVTVSSASTRGPSVEFPLAPS
SKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNYNHEPSNTEKVDKKVEPKSCDRKTHTCP
PCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVENKALGAPIEKTISKAKGOQPREPQVYTLPPPSEELALNELVTLTCLY
KGFYPADIAVEWLOGSQELPREKY LTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSYVMHEALHENHYTOKSLDRSPGK

{SEG ID NG: 230}
Sceond Heavy Chan:
EVOLLESGGGLVQPGGSLRLSCAASGFTFISY AMSWVROAPGKGLEW
VSTISGSGGOTYYTDSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYY
CAQGSSIFDYWGGQGTLVTVSSGGGGSGGGESGGGGSGGGGSEIVLTQ
SPATLSLSPGERATLSCRASQSVSSYLAWYQOQKPGQAPRLLIVDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSNWPPSTFGQGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVERLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWLNGKEYKCKVSNKALGAPIEKTISKAKGOPFRPEVHLLPPS
REEMTENQVSLTCLARGFYPKDIAVEWESNGOQPENNYKTTPSRQEPS
QGTTTFAVTSELTVDKSRWOQOGNVFSCSVMHEALHNHYTQKTISLSP
GEKEVQLLESGGGLYQPGOGSLRLSCAASGEFTFTSYAMSWYRQAPGKGL
EWVSTISGSGGGTYYTDSVKGRFTISRDNSKNTLYLOMNSLRAEDTA
VYYCAQGSSIFDYWGOGTLVTVSSGGGGSGGGGSGGGESGGGGSGH
GGSGGGGSGGEGGSGGGGSEIVLTOSPATLSLSPGERATLSCRASQOSVSS
YLAWYQOQKPGOAPRLLIVDASNRATGIPARFSGSGSGTDFTLTISSLEP
EDFAVYYCQQRSNWPPSTFGQGTRLEIK

(SEQ 1D NO: 251)
Laght Chain
QTVVTQEPSLTVSPGGTVILTCASSTGAVTTSNYANWVQOKPGOAPR
ALIGGTNEKRAPGTPARFSGSLLGGRKAALTLSGVOPEDEAEYYCALWY
SNLWVFGGGTKLTVLGOPKAAPSYVTLFPPSSEELQANKATLYCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKOSNNKY AASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAPTECS

(SEQ ID NO: 85)

SZHOZ
VL1.06x1F3.5-
VHI1.03
VH-VL scFv
GA-AG

First Heavy Chain:

EVQLVESGGGLYQPGGSLKLSCAASGFTFNTY AMNWVYRQASGKGLE
WVYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLQMNSLKTEDT
AVYYCVRHGNFGASYVSWFAYWGQOGTMVTIVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVESSSLGTOTYICNVNBKPSNTKVDERKVEPKSCDKTHTCP
PCPAPEAAGGPSVELFPPKPKDTLEMISRTPEVTCYVVDVSHEDPEVREN
WY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
KVSNKALGAPIEKTISKAKGOPREPOVYTLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLQGSQELPREKY LTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSVMHEALHNHYTOKSLDRSPGK

(SEQ ID NO: 252)
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Second Heavy Chain:

EVQLLESGGGLVYQPGGSLRLSCAASGFTFTSY AMSWYVROQAPGKGLEW
VSTISGSGGGTYYTDSVRGRFTISRDNSENTLYLOQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGRGGGGSEIVLTG
SPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGOAPRLLIVDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSNWPPFTFGQGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVFLFPPKPEDTLMISRTPEVT
CYVVVDVSHEDPEVEFNWYVDGVEVHNAKTEPREEQYNSTYRVVSVL
TVLEHODWLNGKEYKCKVSNKALGAPIFKTISKAKGQPFRPEVHLLPPS
REEMTEKNQVSLTCLARGFYPKDIAVEWESNGOQPENNYEKTTPSROEPS
QGTTTFAVTSELTVDKSRWOQOGGNVFSCSVMHEALBNHYTQOKTISLSE
GKGGGGSGGGGSGGEGSGGGGREVOLLESGGGLVQPGGSLRLSCAA
SGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSVEGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCAQGSSIFDYWGQGTLVTVSSGG
GOSGGGGSGGGGSGGOGSEIVLTOSPATLALSPGERATLSCRASQSVSS
YLAWYQQKPGGAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEP
EDFAVYYCQQRSNWPPFTFGQGTRLEIK

{(SEQ ID NO: 253)
Light Chain:
QAVVTOEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQOKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVYFGGGTKLTVLGOQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPYRAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKTVAFPTECS

{(SEQ ID NG: 84)

&IHO2
VEL1.06x1F3.5-
YH1.01-
VL0

VH-VL scFv
GA-AG

First Heavy Chain;

EVQLVESGGGLYQPGGSLEKLSCAASGFTENTY AMNWVYRQASGEGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCOVRHGNFGNSY VSWFAY WGQGTMYTVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTOTYICNYNHKPSNTKVDKKVEPKSUDETHTCP
PCPAPEAAGGPSVEILFPPRPKDTLMISRTPEVTICVVVDVSHEDPEVKEN
WYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHGDWLNGKEYKC
KVSNKALGAPIEKTISKAKGOPREPQVY TLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLQGSQELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWKKGDTFSCSYMHEALHNHYTQKSLDRSPGK

(SEQ ID NO: 254)

Second Heavy Chain;

EVQLLESGGGLVYQPGGSLRLSCAASGFTFTSY AMSWYVRQAPGKGLEW
VSTISGSGGGTYYTDSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGRGGGGSEIVLTY
SPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQRENWPPFTFGQGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVEFLFPPKPEDTLMISRTPEVT
CYVVDVSHEDPEVEKFNWYVDGVEVHNAKTEPREEGQGYNSTYRVVSVL
TVLHOQDWILINGKEYKCKVSNKALGAPIEKTISKAKGQPFRPEVHLLPPS
REEMTEKNQVSLTCLARGFYPKDIAVEWESNGOQPENNYKTTPSROEPS
QGTTTFAVTSKLTVDKSRWQOQGNVFSCSVMHEALHNHYTQKTISLSE
GKGGOGSGGGGSGGOGSGGOGSEVOQLLESGGGLVOPGGSLRLSCAA
SGFTFTSYAMSWVRQAPGKGLEWVSTISGSGGGTYYTDSVEKGRFTISR
DNSKNTLYLOMNSLRAEDTAVYYCAQGSSIFDYWGQGTLVTVSSGG
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GOSGGGGSGGOGRGOOGSEIVLTOSPATLSLSPGERATLSCRASQSVSS
YLAWYQOQKPGGAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEP
EDFAVYYCQOQRSNWPPFTFGQGTRLEIK

{(SEQ ID NO: 255)
Light Chain:
QIVVTOEPSLTVSPGGTVTLTUASSTGAVTTISNY ANWYQQKPGQAPR
ALIGOTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVYFGGGTKLTVLGOQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPVRAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCOQVTHEGSTVERKTVAPTECS

{(SEQ D NG: 83)

69A02 TA(2)
VH-VL scFv
GA-AG

First Heavy Chain:

EVQLVESGGGLYQPGGSLKLSCAASGFTFNTY AMNWYVYROASGKGLE
WYGRIRSKYNNYATYYADSVKGRFTISRDDSKNTLY LOMNSLKTEDT
AVYYCOVRHGNFGNSY VSWFAYWGQGTMVYTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVEKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVRSSSLGTOTYICNVNHEKPENTKVDKKVEPKSCDKTHTCP
PCPAPTAAGGPSVELFPPEKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALGAPIEKTISKAKGQPREPQVY TLPPPSEELALNELVTLTCLY
KGFYPSDIAVEWLQGSQELPREKYLTWAPVLDSDGSFFLYSILRVAAE
DWEKGDTFSCSYMHEALHNHYTQKSLDRSPGK

{SEQ ID NO: 256)
Second Heavy Chan;
QVTILKESGPTLVEPTOQTLTLTCSFSGFSITTSGVSVOWIRGPPGRKALEW
LALIYWDDDERYSPSLKSRLTITRDTSKNQVVLTMTNMDPVDTATYY
CAHAPRYTPGGYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGES
ETTLTOSPATLSVSPGETATLSCRASQSYSSNLAWY QUOKPGQAPRLLIY
GASTRATGIPATFSGSGRGTEFTLTISSLOSEDFAIY YCOQYKNWPPAF
GOGGTELEIKEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRY
VSVLTVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPFRPEVH
LLPPSREEMTENQVSLTCLARGFYPKDIAVEWESNGQPENNYKTTPSR
QEPSQGTTTFAVTSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQRTI
SLSPGKGGGGSGGGGRGGGHESGGOGSQVTLKESGPTLVKPTOTLTLT
CSFSGFSITTSGVSVGWIRQPPGKALEWLALIYWDDDKRYSPSLKSRLT
ITRDTSKNQVVLTMTNMDPVDTATYYCAHAPRYTPGGYFDYWGQGT
LVTVSSGGGGSGGOGGSGGGGSGGOGGSETTLTOSPATLSVSPGETATLS
CRASGSVSSNLAWYQOQKPGOAPRLLIVYGASTRATGIPATFSGSGSGTE
FTLTISSLOSEDFAWYYCQQYKNWPPAFGGGTELEIXK

{SEGQ ID NG: 2537)

Light Chain:
QTVVTQEPSLTVSPGOTVTLTCASSTGAVTTISNYANWVGQRQKPGQAPR
ALIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNLWVFGOGGTKLTVLGOPKAAPSVTLFPPSSEELOQANKATLVCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKOSNNEY AASSYLSLTPEQW
KSHRSYSCOQVTHEGSTVEKTVAPTECS

{(SEQ 1D NG: 85)

82H02-
VLLO7xIF33
{1B)

VH-YL scFv

First Heavy Cham:

EVQLLESGGGLVYQPGGSLRLSCAASGFTFTSY AMSWYVROQAPGKGLEW
VSTISGSGGGTYYTDSVRGRFTISRDNSEKNTLYLOQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTY
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GA-AG

SPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPPSTFGQGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWINGKEYKCKVSNKALGAPIEKTISKAKGOPREPQVYTLPP
PSEELALNELVTLTCLYVKGFYPSDIAVEWLOQGSQELPREKYLTWAPVL
DSDGSFRLY SILRVAAEDWKKGDTFSCSVMHEALHNHYTQKSLDRSP
GRGGGGSGUGGSGGGOSGGGGSEVOLVESGGGLVQPGGSLRLECAA
SGFTFNTYAMNWVYRQAPGKGLEWVARIRSKYNNYATYYADSVEDRF
TISRDDSKNTLYLOMNSLRAEDTAVYYCVRHONFGNSYVSWFAYWG
QGTMVTVSSASTEGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTIFPAVLQSSGLYSLESVVTVRSSSLGTQIYICNYNH
KPSNTKVDKKVEPKSC

(SEQ ID NO: 258)
Second Heavy Chain:
EVQLLESGGGLVQOPGGSLRLSCAASGFTFTSY AMSWVRQAPGKGLEW
VETISGSGGGTYYTDSVRKGRFTISRDNSENTLYLQMNSLRAEDTAVYY
CAQGSSIFDYWGQGTLVTVYSSGGGGSGGGGSGGGGSGGGESEIVLTG
SPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGOAPRLLIYDASNR
ATGIPARFSGSGSGTDRFTLTISSLEPEDFAVYYCQQRSNWPPSTFGQGT
RLEIKEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPEKDTLMISRTPEVT
CYVVVDVSHEDPEVERFNWYVDRGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWLINGKEYKCKVSNKALGAPIEKTISKAKGQPFRPEVHLLPPS
REEMTEKNGVYSLTCLARGFYPKDIAVEWESNGOQPENNYETTPSROEPS
QGTTTFAVTSKLTVDKSRWQOGNVFSCSVMHEALHNHYTOK TISLSP
GK

{SEQ ID NG: 259}
Light Cham:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNY ANWVQQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCALWY
SNEWVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLUTPEQW
KSHRSYSCOVTHEGSTVEKTVAPTECS

{(SEQ ID NG: 84)

GOA02 (1BN2)

VH-VL scFv

First Heavy Chain:
QVTLKESGPTLVKPTQTLTLTCSFSGFSITTSGVSVGWIRGPPGKALEW
LALIYWDDDKRYSPSLKSRLTITRDTSKNQVVLTMTNMDPVDTATYY
CAHAPRYTPGGYFDYWGQGTLVYTVSSGGGGRGGGGSGGGGSGGGGS
ETTLTQSPATLSVSPGETATLSCRASQSVSSNLAWYQQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOQSEDFAIYYCQOYKNWEPAF
GGGTELEIKEPKSSDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRT
PEVTCVYVDVSHEDPEVKEFNWY VDGVEVHNAKTKPREEQYNSTYRY
VSVLTVLHODWINGKEYKCKVSNEKALGAPIEKTISKAKGQPREPQVY
TLPPPSEELALNELVTLTCLVKGFYPSDIAVEWLQGSQELPREKYLTW
APVLDSDGSFFLYSILRVAAEDWKKGDTFSCSYVMHEALHNHYTQKSL
DRSPGRGGGGSGGGESGOGGSGGGGSEVQLVESGGGLYVQPGGSLRLS
CAASGFTFNTY AMNWVRQAPGKGLEWVARIRSKYNNYATYYADSY
KDRFTISRDDSKNTLYLOMNSLRAEDTAVY YCVRHGNFGNSY VSWF
AYWGQGTMVTVSSASTRKGPSVEPLAPSSKSTSGGTAALGCLVEDYFP
EPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVYVTVPSSSLGTQRTYIC
NVNHKPSNTKVDKKVEPKSC

(SEQ 1D NO: 260)
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Second Heavy Chain:
QVTLKESGPTLYVKPTQTLTLTCSFSGFSITTSGVSVGWIRQPPGKALEW
LALIYWDDDKRYSPSLKSRLTITRDTSKNGVVLTMTINMDBPVDTATYY
CAHAPRYTPGGY FDYWGOGTLVTVSSGGGGSGGGGSGGGGRGGGGS
ETTLTOQSPATLSVSPGETATLSCRASQSVSSNLAWY QQKPGQAPRLLIY
GASTRATGIPATFSGSGSGTEFTLTISSLOSEDFAIY YCQOQYKINWPPAF
GGGTELEIKEPKSSDETHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT
PEVTCYVVDVSHEDPEVEFNWYVDBGVEVHNAKTKPREEQYNSTYRV
VESVLTVLHODWLNGKEYKCKVSNRALGAPIEKTISKAKGQPFRPEVH
LLPPSREEMTKNQVSLTCLARGFYPKDIAVEWESNGOPENNYKTTPSR
QEPSQGTTTFAVTSKLTVDKSRWOQGNVFSCSVMHEALBNHYTQKTE
SLSPGK

{SEQ ID NQG: 261}
Light Chain:
QAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYANWVYQQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLAGVOQPEDEAEYYCALWY
SNEWVFGGGTRKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPCGAVIVAWKADSSPVEKAGVETTTPSKQSNNKY AASSYLSLTPEQW
KSHRSYSCOVTHEGSTVEKTVAPTECS

(SEQ ID NG 84)

{8241}  Also provided herein is a use of a first or second heavy chain comprising a sequence
selected from any of the first or second heavy chain amino acid sequences listed in TABLE 11,
respectively, in the preparation of a bispecific protein wherein the first heavy chain or second
heavy chain 1s associated: (i) with a light cham selected from any of the light chain amino acid
sequences listed in TABLE 11 {e.g, via a disulfide bond); and (11} a second heavy chain, or first
heavy chain comprising a sequence selected from any of the second or first heavy chain amino
acid sequences listed in TABLE 11, Additionally provided herein is a use of a nucleie acid that
encodes a first or second heavy chain comprising a sequence selected from any of the first or
second heavy chain amino acid sequences listed in TABLE 11, respectively, in the preparation
of'a bispecific protein wherein the first heavy chain or second heavy chain is associated: (1) with
a light chain selected from any of the light chain amino acid sequences histed in TABLE 11
{e.g., via a disulfide bond}; and (i1} a second heavy chain, or first heavy chain comprising a
sequence selected from any of the second or first heavy chain amino acid sequences listed in
TABLE 11. Nucleic acids encoding the bispecific proteins disclosed herein may be codon
optimized for optimal expression using standard bioinformatic methods. Cells comprising one
or more nucleic actd encoding a bispecific protein of the present invention are also contemplated
and can be produced by a standard transfection or transduction method (e.g., electroporation,

calcium chioride transfection, lipofection, lentiviral deliver, or adenso-associated virus delivery).
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LF  Characteristics of the Proteins

{02421  In some embodiments, a bispecific protein of the present disclosure, which imduces
robust T cell cytotoxicity against certain TAA expressing cells but does not induce a sigrnificant
amount of cyiokine release, includes two amns, the first amy comprises a first component, which
specifically binds to a TAA, at its N-termunal end, and a second component, which specifically
binds to the same TAA, at its C~terminal end, and a second amm comprises a component, which
specifically binds to CD3, at its N-terminal end. In some embodiments, the present disclosure

provides bispecific protems that are capable of specifically binding or binds to ROR1 and CD3.

{0243}  In some embodiments, bispecific proteins of the present disclosure specifically bind
the Ig-like domain of RORI. In some embodiments, bispecific proteins of the present disclosure
do not bind the Frizzled and/or Kringle domain of ROR1L. In some embodiments, bispecific
proteins of the present invention specifically bind the CD3g (SEQ 1D NG: 269), CD3y (SEQ 1D
NO:270), CD33 (SEQ 1D NO: 271), or CD3E (SEQ 1D NO: 96) polvpeptide of CD3. For
example, i certain embodiments, bispecific proteins of the present invention specifically bind

the CD3& polypeptide of CD3.

{1244}  In somc emabodiments, bispecitic proteins of the present mvention bind to both a TAA
and CD3 with high affinity as measured by any one of a vanety of assays known 1o the field (for
example, binding assavs as described in EXAMPLE 2}, In some embodiments, bispecific
proteins of the present nvention bind to both RORT and CD3 with high affinety as measured by
any one of a variety of assays known in the field (for example, binding assays as described in
EXAMPLE 2}, In some embodiments, bispecific proteins of the present imvention have a Ko for
ROR1 binding of 1 nM to 10 oM, for example, 2 nMto S oM, 3 nM to 53 nM, or 4 nM o 6 M,
as measured 1 a biolaver interferometry assay. For example, 1o some embodiments, bispecific
proteins of the present invention have a Ko for RORI binding of 3nMito SnM{e.g, 3.0nM, 3.2
nM, 34 aM, 3.6 M, 38 0M, 4.0aM, 42 nM, 44 aM, 4.6 M, 48 nM, or 5.0 nM) as measured
in a biolayer interferometry assay. In some embodiments, bispecific proteins of the present
wvention have a Ko for D3 binding of 1 sMto 10 nM ez, InM, 2 nM . 3 oM, 4 oM, 5 nM, 6
nM, 7 oM, 8§ oM, 9 oM, or 10 nM) as measured in a biolayer nterferometry assay. For example,
in some embodiments, bispecific proteins of the present invention have a Ko for CD3 binding of
40nMto6.0nMieg, 4 0nM 420M, 44 nM, 46nM 480M,5.0nM, 520M, 548M, 506

M, 5.8 nM, or 6.0 nM) as measured in 3 biolayer mterferometry assay,

{9245]  In some embodiments, bispecific proteins of the present invention bind to a TAA with

low affinity and D3 with high affinity as measured by cell binding assays (for example, ccll
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binding assays as described in EXAMPLE 2). In some embodiments, bispecific proteins of the
present invention bind to RORI with Jow affinity and CD3 with high affinity as measured by
cell binding assays (for example, cell binding assays as described in EXAMPLE 2). In some
embodiments, bigpecific proteins of the present mvention have a Kp for ROR1 binding of 75 nM
to 150 oM, for example, 80 nM to 120 nM, 83 nM to 115 oM, 90 nM to 110 oM, or 95 to 105
nM, as measured in a biolaver mterferometry assay. In some embodiments, bispecific proteins
of the present invention have a Kp for CD3 binding of 1 nM to 10 aM {e.g., 1oM, 2 oM | 3 nM,
4aM, 5 oM, 6 oM, 7 aM, 8§ nM, 9 oM, or 10 nM) as measured in a biclayer interferometry
assay. For example, in some embodunents, bispecific proteins of the present mvention have a
Ko for CD3 binding of 40 oMo 6.0 nM (e g, 4.0nM, 42 M, 44 nM, 4.6 oM, 48 0M, 5.0

nM, 5.2 nM, 5.4 oM, 5.6 nM, 5.8 nM, or 6.0 nM) as measured in a biolaver interferometry assay.

{8246]  In some embodiments, bispecific proteins of the present invention bind to a TAA with
high affinity and CD3 with low affinity as measured by cell binding assays (for example, cell
binding assays as described in EXAMPLE 2). In some embodiments, bispecific proteins of the
present invention bind to RORI with high affinity and CD3 with low atfinity as measured by
cell binding assays (for example, cell binding assays as described in EXAMPLE 2). Tn some
embodiments, bispecific proteins of the present invention have a Kp for ROR1 binding of 1 oM
to 10 nM, for example, 2 nM to 8 oM, 3 nM to 5 nM, or 4 aM to 6 nM, as measured in a biolayer
mtcrferometry assay. For example, in some cmbodiments, bispecific proteins of the present
mvention have a Kp for ROR1 binding of 3 nM1io 5 oM {e.g., 3.0 nM, 3.2 nM, 34 nM, 3.6 nM,
3.8 nM, 40nM, 4.2 0M, 44 nM, 4.6 nM, 4.8 oM, or 5.0 nM} as measured in a biolayer
mterforometry assay. In some embodiments, bispecific proteins of the present invention have a
Ko for CD3 binding of 10 aM to 100 nM, for example, 10 oM to 80 nM, 10 nM to 60 nM, 10
oM to 50 nh, 10 nM to 40 nM, 20 nM to 60 nM, 30 oM to 30 nM, 35 nM to 45 oM, 13 nM o
80 nM, 15 nM 10 60 nM, 15 nM to 40 oM, or 15 nM to 20 nM as measured in a biclayer

mierferometry assay.

{02477  In some embodiments, bispecific proteins of the present invention bind to a TAA with
low affmity and CD3 with low affinity as measured by cell binding assays {for example, cell
binding assay as described in EXAMPLE 7). n some erobodiments, bispecific proteins of the
present invention bind to RORI with low affinity and CD3 with low affinity as measured by cell
binding assays (for example, cell binding assay as described in EXAMPLE 2). In some
cmbodiments, bispecific protemns of the prescut invention have a Ko for ROR1 binding of 75 M
to 150 nM, for example, 30 nM to 120 nM, 85 naM to 115 nM, 90 nM to 110 oM, or 95 to 105

M, as measured in a biolayer mterferometry assay. In some embodiments, bispecific protetns
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of the present invention have a Ko for CD3 binding of 10 nM to 100 nM, for exarple, 10 sM to
80 aM, 16 nM to 60 nM, 10 oM to 50 nM, 10 nM to 40 oM, 20 nM to 60 oM, 30 oM to 56 nM,
35 oM to 43 nM, 15 oM to 80 nM, 15 nMto 60 nM, 15 M to 40 nM, or 15 nM 1o 20 as

measured i a biolayer interferometry assay.

{0248]  In some embodiments, bispecific proteins of the present mvention bind to both a TAA
and CD3 with high affimty as measuared in flow cytometry-based binding assays {(for example,
flow cytometry-based binding assays as described in EXAMPLE 23, In some embodiments,
bispecitic protens of the present invention bind to both ROR1 and CI3 with lugh affinity as
measured n flow cytometry-based binding assays (for example, flow cytometry-based binding
assays as described in EXAMPLE 23, In some embodiments, bispecific proteins of the present
mvention have an ECso for RORI binding of 6.1 nM to 10 oM, for example, 0.1 nMto 1 8M, 0.2
nMio 8 oM, 34 oMo 6 nM, 0.6 nMiod oM, 08 oM to 2 nM, 0.1 nMto I nM, 0.2 nMto 1
nM, 04 nMto b, 06 nMito 1 oM, 0.8 nMito 1 oM, 1 aMto 10 nM, 2 Mo 10 0M, 6 sM 10
10noM, oMo 10 oM, 2nMtod oM ZaoMio 5 nM, 2 nMto 6 oM, 2 sM to 8 sM, or 2 aM to
10 oM as measured in 3 flow cvtometry-based RORI binding assay. For example, i some
embodiments bispecific proteins of the present invention have an ECse for ROR1 binding of 0.1
nMto InMieg, 0.1 uM, 0.2aM 03 oM, 0.4 nM, 6.5 8M, 0.6 nM, 0.7 oM, 0.8 nM, 0.9 nM, or
I nM) as measured in a How cytometry-based RORY binding assay using cells expressing about
3.5 X 16* RORI molecules/cell. In some embodiments bispecific proteins of the present
mvention have an ECso for ROR | binding of I nMto 10nM {e.g, I oM, 2nM, 3nM, 4 nM, §
nM, 6 6M, 7 nM, 8 oM, 9 oM, or 10 nM) as measured in a flow cytometry-based ROR1 binding
assay using cells expressing about 3.5 X 10* ROR1 molecules/cell. In some embaodiments,
bispecific proteins of the present invention have an ECso for RORI binding of 2 sM to 5 nM
{e.g., 2 nM, 3 nM, 4 nM, or 5 nM} as measured in a flow cyvtometry-based RORT binding assay
using cells expressing about 3.5 X 10* RORI molecules/cell. In some embodiments, bispecific
proteins of the present invention have an ECse for CD3 binding of 1 aMto 10 nMeg., Inh, 2
nM, 3 oM, 4 nM, S nM, 6 nM, 7 oM, 8 nM, 9 oM, or 10 oM} as measured in a flow cytometry-
based CD3 binding assay using activated T cells (for example, a CD3 binding assay as described
in EXAMPLE 2}, For example. in some ecmbodiments, bispecitic proteins of the present
mvention have an ECso for CD3 binding of 2 oM to 4 nM (e.g., 2.0 nM, 2.2 oM, 2.4 nM, 2.6 nM,
2.8uM, 3.0nM, 3.2 oM, 3.4 nM, 3.6 nM, 3.8 uM, or 4.0 M) as measured i a flow cytometry-~

based CD3 binding assay using activated T cefls.

{92491  In some embodiments, bispecific proteins of the present mvention bind to a TAA with

high affinity and CD3 with low affinity as measured in flow cytometry-based binding assays {for
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example, flow cytometry-based binding assays as described in EXAMPLE 2}, In some
embodiments, bispecific proteins of the present invention bind to ROR1 with high affinity and
D3 with low affinity as measured in flow cvtometry-based binding assavs {for example, flow
cytometry-based binding assays as described m EXAMPLE 2). In some embodiments,
bispecific proteins of the present invention have an ECso for ROR1 binding of 0.1 nM to 10 oM,
forexample, 0.1 oM to I nM, 0.2 oMo 8 nM, 0.4 oM to 6 nM, 0.6 nM to 4 oM, 0.8 nM to 2
oM, 0.1 sMto I nM, 02 0Mio 1 oM, 04 Mo 1 oM, 0.6 nMto 1 nM, 0.8 nM to 1 oM, 1 M
to 10 M, Z2nMto 10 oM, 6 nM 1o 10 nM, B nMtc 10 oM, 2 oMo 4 nM, 2 nMto 5 oM, 2 nM
1o 6 oM, 2 oM to 8 nM, or 2 nM to 10 oM as measured m a flow cytometry-based ROR1 binding
assay. For example, in some embodiments bispecific proteins of the present invention have an
ECso for RORI binding of 0.1 nMto T oM {e g, 0.1 oM, 0.2 nM, 0.3 M, 0.4 oM, 0.5 nM, 0.6
oM, 0.7 nM, 0.8 oM, 0.9 oM, or I nM) as measured in a flow cytometry-based ROR! binding
assay using cells expressing about 3.5 X 10 ROR | molecules/cell. fn some embodiments
bispecific proteins of the present imvention have an ECso for RORI binding of | nMto 10 nM
{e.g.. 1 oM, 2 oM, 3 aM, 4 oM, 5 oM, 6 oM, 7 nM, & nM, 9 nM, or 16 oM as measured in a
flow cytometry-based ROR1 binding assay using cells expressing about 3.5 X 10* RORI
molecules/cell. Tn some embodiments, bispecific proteins of the present jnvention have an ECso
for ROR1 binding of 2 nMto 5 oM (e.g., 2 nM, 3 sM, 4 oM, or 5 nM) as measured in a flow
cytometry-based ROR1 binding assay using cells expressing about 3.5 X 10* ROR1
molocules/cell. In some embodiments, bispecific proteins of the present invention have an ECso
for CD3 binding of 10 oM to 100 oM, 10 oM 1o 90 nM, 10 nM 1o 80 nM, 10 nM to 70 oM, 10
nM to 60 oM, 10 oM to 50 oM, 10 nM to 40 oM | 10 oM to 30 oM, 10 nM to 20 oM, 20 nM (o
100 nM, 20 nM to 90 oM, 20 oM to 80 1M, 20 nM to 70 nM, 20 nM to 60 oM, 20 oM to 50 oM,
25 nMto 75 nM, 25 nM to 65 nM, 25 nM 10 35 nM, 235 nM to 45 uM, or 25 nMto 35 nM as

measared in a flow cytometry-based CD3 binding assay using activated T cells.

{9280]  In somc embodiments, bispecific proteins of the present invention bind to a TAA with
fow affintty and CD3 with high affinity as measured in flow cytometry-based binding assays (for
example, flow cviometry-based binding assays as described in EXAMPLE 2).In some
embodiments, bispecific proteins of the present invention bind to RORI with fow affinity and
CD3 with high affintty as measured in flow cytometry-based binding assays {for cxample, flow
cytometry-based binding assavs as described in EXAMPLE 2). In some embodiments,
bispecific protoins of the present invention have an ECso for ROR1 binding of 50 nM to 220 nM,
50 nM to 220 nM, 70 nM 1o 220 oM, 80 nM to 220 oM, 90 oM to 220 nM, 100 oM to 220 nM,
HO M to 220 nM, 120 aM to 220 nM, 130 6M to 220 nM, 140 nM 1o 220 nM, 150 nM 10 220
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nM, 175 nM to 220 nM, 200 nM to 220 oM, 50 oM to 200 oM, 60 oM to 200 nM, 70 oM to 200
nM, 80 nM to 200 oM, 90 nM to 200 oM, 100 nM to 200 oM, 110 oM to 200 nM, 120 aM 1o
200 nM, 130 nM to 200 nM, 140 nM to 200 oM, 150 nM to 200 oM, 50 nM to 180 oM, 60 oM
io 180 oM, 70 sM o 180 nM, 80 nM to 180 nM, 90 nM to 180 nMM, 100 nM to 180 nM, 110 oM
to 180 oM, 120 nM to 180 oM, 130 oM to 180 nM, 140 oM to 180 oM, 150 oM to 180 nM, 50
nM 1o 160 nM, 60 nM to 160 nM, 70 nM to 160 oM, 80 nM to 160 oM, 90 oM to 160 nM, 100
nMto 160 oM, 110 nM to 160 oM, 120 nM to 160 nM, 130 nM to 160 nM, 140 nM to 160 nM,
150 nM to 160 oM, 50 nM to 140 aM, 60 aM to 140 oM, 70 nM to 140 nM, 80 nM to 140 nM,
90 nM to 140 oM, 100 oM to 140 oM, 110 oM 1o 140 oM, 120 sM to 140 oM, 130 sM to 140
nM, 50 nM to 120 oM, 60 nM to 120 oM, 70 oM 1o 120 oM, 80 nMto 120 nM, 90 nM 1o 120
oM, 100 oM io 120 oM, 110 nM to 120 oM, 50 aM to 110 oM, 60 nM to 110 M, 70 nM 1o 110
oM, 80 nM 1o 116 nM, 90 nM to 110 nM, 100 nM to 110 nM, 50 nM to 100 oM. 60 aM to 100
M, 70 oM 1o 100 nM, 80 nM to 100 nM, or 90 nM to 100 oM as measured in a flow cytometry-
based ROR1 binding assav. For example, in some embodiments, bispecific proteins of the
present invention have an ECso for ROR1 binding of 80 nM to 120 sMor 90 nM to 110 nM as
measured in a flow cytometry-based ROR1 binding assay using cells expressing about 3.5 X 1¢*
RORI molecules/cell. Tn some embodiments bispecific proteins of the present invention have an
ECso for RORI binding of 1 aM to 10 nM{e.g., 1 nM, 2 oM, 3 nM, 4 0, 5 nM, 6 uM, 7nM, 8
nM, 9 oM, or 10 nM}) as measured in a flow cytometry-based ROR1 binding assav using celis
expressing about 3.5 X 10* ROR1 molecules/cell. In some embodiments, bispecific proteins of
the present invention have an ECso for RORI binding of 2 nM to 5 oM {e.g., 2 oM, 3 oM, 4 nM,
or S nM} as measured i a flow cytometry-based ROR1 bimding assay using cells expressing
about 3.5 X 10* ROR | molecules/cell. In some embodiments, bispecific proteins of the prosent
mvention have an ECso for CD3 binding of | aMio 10 nM {e.g., InM, 2 nM, 3 oM, 4 nM, 3 nM,
6 nM, 7 nM, & nM, 9 nM, or 10 nM} as measared in a flow cytometry-based CD3 binding assay
using activated T cels {(for example, a CD3 binding assay as described in EXAMPLE 2. For
cxample, 1o some embodiments, bispectfic proteins of the present juvention have an ECso for
CD3 binding of 2oMtodnM e g, 2.0 nM, 2.2aM, 2.4 oM, 2.6 nM, 2.8 oM, 3.0 nM, 3.2 nM,
3.4 M, 3.6 nM, 3.8 aM, or 4.0 nM) as measured in a flow cytometry-based CD3 binding assay
using activated T cells,

{02511  In some embodiments, bispecific proteins of the present invention bind to a TAA with
low affinity and CD3 with high affinity as measured in flow cytometry-based binding assays (for
cxample, flow cviometry-based binding assays as described 10 EXAMPLE 2}, In some

embodiments, bispecific proteins of the present invention bind to ROR1 with low affinity and

108



L4

10

20

30

WO 2023/019121 PCT/US2022/074686

CD3 with high affinity as measured in flow cytometry-based binding assays {for cxample, flow
cytometry-based binding assays as described m EXAMPLE 2}, To some embodiments,
bispeaific proteins of the present invention have an ECso for ROR! binding of 50 nM to 220 nM,
60 nM to 220 nM, 70 nM to 220 oM, 30 nM to 220 aM, 90 oM 10 220 oM, 100 aM t0 220 nM,
110 M to 220 nM, 120 nM 1o 220 nM, 130 oM to 220 nM, 140 nM to 220 nM, 150 nM 10 220
nM, 175 oM to 220 nM, 200 oM to 220 aM, 50 nM to 200 nM, 60 nM to 200 nM, 70 nM to 200
nM, 80 nM to 200 nM, 50 oM to 200 oM, 106 nM to 200 oM, 110 aM 0 200 nM, 120 aM o
200 nM, 130 oM to 200 nM, 140 nM to 200 oM, 150 nM to 200 oM, 50 oM to 180 oM, 60 oM
to 180 nM, 70 nM to 180 nM, 80 nM to 180 oM, 90 nM to 180 oM, 100 oM to 180 oM, 110 oM
to 180 nM, 120 nM to 180 nM, 130 nM to 180 nM, 140 nM 1o 180 nM, 130 nM {0 180 nM, 50
odM to 160 nM, 60 oM to 160 nb, 70 oM to 160 uM, 30 nM to 160 oM, 90 oM to 160 nM, 100
nM 1o 160 nM, 110 nM to 160 nM, 120 nM to 160 nM, 130 oM to 160 nM, 140 nM to 160 nM,
150 oM to 160 nM, 50 nM to 140 nM, 60 nM to 140 oM, 70 nM to 140 oM, 80 oM 1o 140 oM,
S0 nM to 140 oM, 100 nMto 140 nM, 110 nM to 140 nM, 120 nM o 140 nM, 130 naM {0 140
oM, 50 nM to 120 oM, 60 nM to 120 oM, 70 aM 1o 120 oM, 80 nM to 120 nM, 90 oM 10 120
nM, 100 nM to 120 nM, 110 nM to 120 nM, 50 nM to 110 oM, 60 aM to 110 oM, 70 aM to 110
nM, 80 nM to 110 oM, 90 nM to 110 oM, 100 oM to 110 nM, 30 sM to 100 oM, 60 nM 1o 100
nM, 70 aM to 100 oM, 80 nM to 100 nM, or 50 nM to 100 oM as measured in a flow cytometry-
based RORI binding assay. For example, in some embodiments, bispecific proteins of the
present nvention bave an ECso for RORI binding of 80 oM 10 120 nM or 90 sM 1o 110 nM as
measured in a flow cytometry-based ROR] binding assay using cells expressing about 3.5 X 104
RORI molecules/cell. In some embodiments bispecific proteins of the present invention have an
ECso for ROR1 binding of I nMito 10 aM (e.g. I nM, 2 oM. 3 aM, 4 oM, 5 oM, 6 oM, 7nM, 8
nM, 9 oM, or 10 nM) as measured in a flow cvtometry-based ROR1 bindmg assay vsing cells
expressing about 3.5 X 10* ROR1 molecules/cell. In some embodiments, bispecific proteins of
the present invention have an ECso for ROR1 binding of ZnMto 5 nM (e.g.. 2 oM. 3 oM, 4 sM,
or 5 nM} as measured 1o a flow cytometry-based ROR1 binding assay using cells expressing
about 3.5 X 10* ROR1 molecules/cell. In some embodiments, bispecific proteins of the present
mvention have an ECso for CD3 binding of 10 oM to 160 oM, 10 aM to 90 nM, 10 nM to 80 nM,
10 oM to 70 nM, 10 aM 1o 60 nM, 10 nMto 50 oM, 10 oM t0 40 oM, 10 nM t0 30 nM, 10 oM
to 20 nM, 20 nM to 100 oM, 20 oM to 90 nM, 20 oM to 20 nM, 20 nM 1o 70 nM, 20 nM to 60
oM, 20 nM to 50 nM, 25 nM to 75 oM, 25 nM o 65 nM, 25 nM to 35 nM, 25 nM to 45 oM, or
25 nM to 35 nM as measured 1o a flow eytometry-based CD3 binding assay using activated T

cells.
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{8252  Activation of T cells, e.g., cvtotoxic CDR T cells, by binding of the CD3/TCR
complex to its cognate peptide ligand presented on the major hustocompatibility conplex (MHC)
molecules of target cells, induces degranulation of preformed Ivtic granules and release of
cytotoxic enzymes into the immune svnapse formed between the T cell and the target cell. In
some embodiments, bispecific proteins of the present disclosure promote T cell lytic granule

degranulation.

{0253]  In some embodiments, bispecific proteins of the present disclosure induce T celt
mediated cvtotoxicity of TAA-~expressing tumar cells. In some embodiments, bispecific proteins
of the present disclosure induce T cell mediated cyvtotoxicity of ROR-expressing tumor cclls.
For example, in some embodiments, a bispecific protein of the present disclosure has an ECso for
T cell mediated cytotoxicity of RORI-expressing tumor colls of 150 pM to 250 pM, 155 pM 0
250 pM, 160 pM to 250 pM, 165 pM 1o 250 pM, 170 pM to 250 pM, 175 pM o 250 pM, 150
pM to 225 pM, 155 pMto 225 pM, 160 pMto 225 pM, 165 pM to 225 pM, 170 pM 1o 225 pM,
175 pM to 225 pM, 150 pM to 200 pM, 155 pM to 200 pM, 160 pM o 200 pM, 165 pM o 200
pM, 170 pM 10 200 pM., 173 pM to 200 pM, 150 pM to 190 pM, 155 pM to 190 pM, 160 pM to
190 pM, 165 pM 1o 190 pM, 170 pM to 190 pM, or 175 pM to 190 pM, as measured ma T

cell/tumor cell co-culture killing assay as deseribed in EXAMPLE 3.

{0254]  In other embodiments, a bispecific protein of the present disclosure has an ECso for T
cell mediated cyiotoxieity of RORI-expressing tumor cells of 10 pM 1o 100 pM, 15 pM 1o 100
pM, 20 pM to 100 pM, 25 pM to 100 pM, 30 pM to 100 pM, 35 pM to 100 pM, 40 pM to 100
pM, 50 pM to 100 pM, 10 pMto 75 pM, 15 pMic 75 pM, 20 pM 1o 75 pM, 25 pM to 75 pM, 30
pMto 75 pM, 33 pMto 75 pM, 40 pMio 75 pM, 50 pM to 73 pM, 10 pM 1o 530 pM, 15 pMio
50 pM, 20 pM to 30 pM, 23 pM to 50 pM, 30 pM to 30 pM, 35 pM to 30 pM, 40 pM to 50 pM,
10 pM to 40 pM, 15 pM to 40 pM, 20 pM to 40 pM, 25 pM to 40 pM, 30 pM to 40 pM, or 35
pM 1o 40 pM, as measured in a T cell/tumor cell co~culture killing assay as described 1o

EXAMPLE 3.

{0255]  Activation of T cells, by binding of the CD3/TCR complex to its cognate peptide
ligand presented on the major histocompatibility complex (MHC) molecules of target cells, can
induce the release of proinflammatory cvtokines such as, but not limited to, IFNy, TNFg, and
11.2. In some embodiments, bispecific proteins of the prosent disclosure do not induce the
release of sigrificant levels of proinflammatory cyvtokines from activated T cells as compared to
areference control molecule. For example, in some embodiments, bispecific proteins of the
present disclosure have an ECse for IFNy release of 1000 pM to 2000 pM, 1200 pM to 2000 pM,
1400 pM to 2000 pM, 1600 pM to 2000 pM, 1800 pM to 2000 pM, 1000 pM to 1800 pM, 1200
110



L

1o

2
7

30

WO 2023/019121 PCT/US2022/074686

pM to 1800 pM, 1400 pM to 1300 pM, or 1600 pM to 1800 pM, as measured in a T cell/tumor

cell co~culture IFNy production assay as described i EXAMPLE 3.

{0256]  In some embodiments, bispecific proteins of the present disclosure do not induce the
release of significant levels of promnflammatory cytokines from activated T cells as compared to
areference control molecule. For example, in some embodiments, bispecific proteins of the
present disclosure have an ECso for IFNy release of 1000 pM to 2000 pM, 1200 pM to 2000 pM,
1400 pM to 2000 pM, 1600 pM to 2000 pM, 1800 pM to 2000 pM, 1000 pM to 1800 pM, 1200
pM to 1800 pM, 1400 pM to 1800 pM, or 1600 pM to 1800 pM, as measured in a T cell/tumor

cell co-culture TFNy production assay as described i EXAMPLE 3.

{0257  In other embodmments, bispecific proteins of the present disclosure have an ECso for
{FNy release of 100 pM to 1000 pM, 200 pM to 1000 pM, 300 pM to 1000 pM, 400 pM to 1000
pM, 300 pM to 1000 pM, 600 pM to 1000 pM, 700 pM to 1000 pM, 800 pM to 1000 pM, 900
pM to 1000 pM, 100 pM to 800 pM, 200 pM to 100 pM, 300 pM to 800 pM. 400 pM to 800 pM.,
300 pM to 800 pM, 600 pM to 800 pM, 700 pM to 800 pM, 100 pM to 600 pM, 200 pM to 100
pM, 300 pM {0 600 pM, 400 pM 1o 600 pM, 500 pM to 600 pM, 100 pM to 500 pM, 200 pM to
300 pM, 300 pM to 500 pM, or 400 pM to 500 pM, as measured in a T celi/tamor cell co-cultare
{FNy production assay as described in EXAMPLE 3.

{0238]  As used herein, “maximal concentration” or “Cuax” 1efors 1o the maximal
concentration of a cytokine that can be released from a cefl. In some embodiments, bispecific
proteins of the present disclosure can mduce a Cmax of 10% to 80%, 20% 1o 60%, 33% to 45%,
45% 10 55%, or 35% to 75% compared to a reference T cell-binder as measured in a T cell/tumor
cell co~culture IFNy production assay. For example, a reference T cell-binder can include, but s
not limited to, a bispecific protein comprising four polypeptides having amino acid sequences of

SEQ ID NO: 302, SEQ ID NG: 303, SEQ 1D NO: 304, and SEQ 1D NO: 305,
Reference T Cell Binder Polypeptide 1:

MGWSCHLFLVATATGVHSELVLTQSPSVSAALGSPAKITCTLSSAHKT
DTIDWYQQLOGEAPRYLMOVOSDGSY TKRPGVPDRFSGSSSGADRY
LIHPSVQADDEADY YCGADYIGGY VFGGGTOLTVLGQPKAAPSVTLEP
PSSEELOANKATLVCLISDFYPGAVTVAWKADSSPYVRAGVETTTPSK
OSNNKYAASSYLSLTPEQWKSHKSY SCQVTHEGSTVEKTVAPTECS
(SEQ ID NO: 302)

i
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Reference T Cell Binder Polypeptide 2:

QEQLVESGGRLVTPGGSLTLSCKASGFDFSAYYMSWVRQAPGKGLE
WIATIYPSSGKTYYATWVNGRFTISSDNAQNTVDLOMNSLTAADRAT
YECARDSY ADDGALFNIWGPGTLVTISSASTKGPSVEPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSY
VTVPSSSLGTOTYICNVNHKPSNTKVDKK VEPKSCDGGGGSGGGGSE
VOLLESGGGLVOPGGSLRLSCAASGFTFS TY AMNWYRQAPGKGLEW
VSRIRSKYNNYATYYADSVEGRFTISRDDSKNTLY LOMNSLRAEDTA
VYYCVRHGNFGNSY VSWFAYWGQGTLVTVSSASVAAPSYFIFPPSDE
10 QLKSGTASVVCLLNNFYPREAKVOWK VDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLSSPYTKSFNRGECDK
THTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCYVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALGAPIEKTISKAKGQPREPQVY TLPPCRDELTKNG
15 VSLWCLVKGFY PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWOQQGNVFSCSVMHEALHNHY TQKSLSLSPGK (SEG ID
NO: 303)

L

Reference T Cell Binder Polypeptide 3:

QEQLVESGGRLVTPGGSLTLSCKASGFDFSAYYMSWVYROAPGKGLE
20 WIATIYPSSGKTYYATWYNGRETISSDNAQNTVDLOMNSLTAADRAT
YFCARDSY ADDGALFNIWGPGTLVTISSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSY
VIVPESSSLGTQTYICNYNHKPSNTKVDKKVEPKSCOKTHTCPPCPAPE
AAGGPSVFLFPPKPRDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVYSN
KALGAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGEY
PSDIAVEWHESNGGPENNY KTTPPVLDSDGSFFLVSKLTVDRKSRWQOG
NVFSCSVMHEALHNHY TQRSLSLSPGK (SEGQ 1D NO: 304)

[\
L

Reference T Cell Binder Polypeptide 4:

30 QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWVQEKPGQAFR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWY
SNLWVFGGGTKLTVLSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKD
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YFPEPVIVSWNSGALTSGVHTFPAVLOQSSGLY SLSSYVTVPSSSLGTQ
TYICNVNBKPSNTRKVDKKVEPKSC (SEQ ID NO: 305)
{0259]  In some embodiments, bispecific proteins of the present disclosure do not mduce
significant levels of TNFu release when administered to freshly isolated PBMC celtures as
compared to an anti-CD3 reference antibody. In some embodiments, bispecific proteins of the
present disclosure do not induce significant levels of TNFg release when admunistered to
PBMCs cultured for 48 hours at high density (e.g., 1.0 x 107 cells/mL} as compared to an anti-

CD3 reference antibody.

{8260] In some embodiments, bispecific proteins of the present disclosure do not mduce
significant levels of IL2 release when adnunistered to freshly isolated PBMC cubtures as
comapared to an andi-CD3 reference antibody. In some embodiments, bispecific proteins of the
present disclosure do not induce significant levels of T2 release when administered to PBMCs
cultured for 48 hours at high density {e.g., 1.0 x 1¢7 cells/mL) as compared to an anti-CD3

refercnce antibody.

{8261]  As used herein, a “cytoking release to kilhing decoupling ratic” for a given bispecific
protein refers to the ratio between the arca under the curve (AUC) for induction of IFNy release
{as measured in a T cell/tumor cell co-culture IFNy production assay as described m EXAMPLE
3y and the AUC for evitotoxic killing (as measured in a T cell/tumor cell co-culture kiling assay
as desertbed in EXAMPLE 3}, In some embodiments, bispecific proteins of the present
disclosure have a eytokine release to killing decouphing ratio of U2, ¥:2.1, 1:2.2, 123, 1:24,
25, 826 127, 128 120, 13, I3, 132 133,134, 1235, 136, 137, 1138, 1:3.9, 14,
141,142 143,144, 1:45, 146,147 1148, 1149, or 1:5, normalized to areference T cell-
binder as measured in a T cell/tumor celt co-culture killing assay and IFNy production assay.
For cxample, in some embodiments, bispecific proteins of the present disclosure have a cytokine
release to killing decoupling ratio of 1:2 to 1:4 normalized to a reference T cell-binder as
measured in a T cell/tamor cell co-culture kilhing assay and IFNy production assay. In certain
embodiments, bispecific proteins of the present disclosure have a cytokine release to killing
decoupling ratio of 1:2.2 normalized to a reference T cell-binder as measured in a T cell/tumor
cell co-culture killing assay and IFNy production assay. In certain embodiments, bispecific
proteins of the present disclosure have a eytokine release to killing decoupling ratio of 1.2.9
normalized to a reference T cell-binder as measured in a T cell/tumor cell co-culture killing

assay and IFNy production assay.

{0262]  As used herein, the term “sertal killing index” or “tumor serial killing index” refers to

the average number of tumor cells killed by a single CD8" T cell. In some embodiments,
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bispecific proteins of the present disclosure induce a tumor serial killing index of 210 6. For
example, T cells treated with bispecific proteins of the present disclosure have a serial killing
index of 2210 53,2410355,261053,281055,301055,321055,341055,3610 55,

381055, 401053,2210350,2410350,26t050,28165.0,3.003.0,32t:5.0,3410 3.0,

341048.360428,3831048,4010428,22104.6,24t04.6,26104.6,28t04.6,30104.6,
32t04.6,34t046,36104.6,3.8t04.6,40104.6,22t044,24t044,261044,281044,
30t044,321044.34t044,361044,381044,401044,22t042,241042, 2610472,
281042,301042,32t042,341042,36t042,381042,40t042,22104.0,241t040,
26t040,281040,30t04.0,321040,34t040,361040,381t040,2210638,241033,
26t038,281038,3.0t038, 32038 34t038,36t:38,22103.6,24103.6,26103.6,
281036,301036,32t036,34103.6,22t034,24t034,26t034,28t034,301034,
or 3.2t 3.4 as measured in a T celliumor cell co-culture killing assay. In certain embodiments,
bispecific proteins of the present disclosure induce a tumor serial kilhng index of 34103.6. In
certain embodiments, bispecific proteins of the present disclosure mduce a tumor serial killing

mndexotf 3.8104.2.

{0263] In some embodiments, bispecific proteins of the present disclosure are cross-reactive
with cyvnomolgus £D3 but not with mouse CD3. In some embodiments, bispecific proteins of

the present disclosure are cross-reactive with cynomolgus ROR1 and mouse ROR1,
i Anitibodies

{0254]  Also provided herein are antibodies that specifically bind RORI. In some
cmbodiments, an antibody that specifically binds RORI comprises a heavy chain vanable
domain {VH} and light chain variable domain {VL} sclected from the sequences listed in
TABLE 2.

{0265]  In some embodiments, the heavy chain variable domain and the light chain variable
domain of antibodies described herein comprise VH and VL CDR sequences selected from the
VHCDR and VECDR sequences listed in TABLE 1.

{8266]  Unless indicated otherwise, the UDR sequences provided in TABLE 1 are determined
under the IMGT unique numberning scheme

{02677  Insome embodiments, antibodies of the present nvention may be IgG, IgM IgA, gD,
or Ig¥. In certain embodiments, antibodies described herein are 1gGl, 1gG1, 18G3, or IgG4. In

certain embodiments, the antibodies of the present ravention are human IgGl antibodics.
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{0268]  In certam cmbodiments, antibodics that specifically bind to ROR1 comprisc a
VHCDR3 sequence selected from the sequence of SEQ ID NO: 10 or SEQ 1D NO: 25 Incertain
embodiments, antibodies that specifically bind to ROR!T comprise a VLEDR3 sequence selected
from the consensus sequence of SEQ 1D NG: 13 or the sequence of SEQ 1D NG: 28,

{02691  In some embodiments, antibodies that specifically binds to RORI comprise: a heavy
chain variable complementarity-determining region | (VHCDRI) comprising an amino acid
sequence of SEQ 1D NO: 8 or SEQ 1D NGO 23; 3 heavy chain variable complementarity-
determining region 2 (VHCDR2) comprising an amine actd sequence of SEQ 1D NO: 9, or SEQ
1D NO: 24; and a heavy chain vanable complementarity-determining region 3 (VHCDR3)

comprising an amino acid sequence of: SEQ ID NO: 10 or SEQ 1D NO: 25.

{0278]  In some embodiments, antibodies that specifically bind to RORY comprise: a light
chain variable complementarnity-determining region 1 (VLCDRY) comprising an amino acid
sequence of SEQ 1D NO: 11, or SEQ ID NO: 26; a light chain variable complementarity-
determinmng region 2 (VLCDR2) comprising an anuno acid sequence DAS or GAS; and a light
chain variable complementarity-determining region 3 (VLCDR3) comprising an amino acid

sequence of SEQ ID NG: 14, SEQ 1D NO: 15, or SEQ ID NO: 28,

{0271]  In some emabodiments, antibodies that specifically bind to ROR1Y comprise: a
VHCDRI compnising an amino acid sequence of SEQ 1D NGO: §; a VHCDR2 comprising an
amino acid sequence of SEQ 1D NG 9; a VHUDR3 comprising an amino acid sequence of SEQ
W NG 10; a VLCDR]I comprising an amino acid sequence of SEQ ID NG 11 a VLCDR2
comprising an amino acid sequence of BAS; and a VLCDR3 comprising an amino acid

sequence of SEQ ID NG: 14,

{92721 In some crobodiments, antibodies that specifically bind ROR/ comprise: a VHCDRI
comprising an amino acid sequence of SEQ ID NO: 8; a VHCDRZ comprising an anuno acid
sequence of SEQ ID N 9, a VHCDRS comprising an amino actd sequence of SEQ ID NG:
10; a VLCDRI comprising an amino acid sequence of SEQ 1D NO: 11; a VLCDRZ comprising
an anino acid sequence of DAS; and a VECDR3 comprising an amino acid sequence of SEQ

IDNQO: 1S

{02731  In some embodiments, antibodies that specifically bind RORI comprise: a VHCDRI
comprising an amino acid sequence of SEQ ID NG: 23; a VHCDRZ comprnising an amino acid
sequence of SEQ ID NG 24; o VHCDR3 comprising an amino acid sequence of SEQ ID NG:
25, a VLCDRI comprising an amino acid sequence of SEQ 1D NO: 26; a VLCDRZ comprising
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an amino acid sequence of GAS; and a VLCDR3 comprising an amino acid sequence of SEQ
IDNQO: 28,

{0274]  In some embodiments, antibodies that specifically bind to RORI comprise, according
to the IMGT wique numbering scheme, VHCDRI, VHCDRZ, VHCDR3, VLCDRI, VLCDR2,
and VLCDR3 cach comprising an amino acid sequence corresponding to the VHCDR ],

VHCDRZ, VHCDR3, VLCDRI, VLCDR2, and VLCDR3 sequences of a VHCDR and VLCDR

consensus sequences of TABLE 1, respectively.

{82751  In cortam embodiments, the antibody that specifically binds RORY comprises an
antibody heavy chain variable domain (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 93%, at least 96%, at least

97%, at least 98%, at least 99%, or 100%;) identical to the VH of an antibody disclosed in
TABLE 2, and an antibody Hght chain varable domamn (VL) 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 the VL of the same
antibody disclosed in TABLE 2. In cerfain embodiments, the antibody comprises the heavy
chain CDR1, CDR2, and CDR3 and the light chain CDR1, CDR2, and CDR3, determined under
IMGT unigue numbering scheme, Kabat (see Kabat et al., (1991} Sequences of Proteins of
fmmunological Tnterest, NIH Publication No. 91-3242, Bethesda}, Chothia (see, e.g.. Chothia C
& Lesk A M, (1987}, J. Mol Biol. 196: 901-817), MacCallum {sce MacCallum R M et al,,
{1996} . Mol. Biol 262: 732-743), or any other CDR determination method known in the art, of
the VH and V1L sequences disclosed in TABLE 1.

{0276]  In certamn embodiments, the antibody that specifically binds ROR1T 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 999%, or 100%)

wdentical to SEQ ID NGO 29, and a VL that comprises an amino acid sequence at least 90% (e.g.,
20/

at least 91%, at least 92%, at least 93%, at lcast 94%, at least 95%, at least 96%, at least 97%, at

ieast 98%, at least 99%, or 100%;) identical to SEQ D NO: 30

{02771 In certam embodiments, the antibody that specifically binds RORI 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 949, at least 93%, at least 96%, at least 97%, at least 98%. at least 999%, or 100%)
dentical to SEQ ID NG 29, and a VL that comprises an amino acid sequence at least 30% {(e.g.,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 56%, at least 97%, at

least 98%, at least 99%, or 100%) identical to SEQ 1D NO: 31,

>
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{9278]  In certam embodiments, the antibody that specifically binds RORI comprises a VH
that comprises an aming 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 teast 97%, at least 98%, at least 99%, or 100%}
identical to SEQ 1D NO: 39, and a VL that comprises an amino acid sequence at least 90% {e. g,
at least 91%, at least 92%, at lcast 93%, at least 94%, at lcast 95%, at least 96%, at least 97%, at

least 989, at least 99%, or 100%) wdentical to SEQ I NO: 40,
¥ Therapeutic Applications

{82791  The present disclosure also provides pharmaceutical formulations that contain a
therapeotically effective amount of a protein disclosed herein. The phamaceutical formulation
comprises one or more excipients and is maintained at a certain pH. 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, sterility, stability, rate of dissclution or release, adsorption, or penetration.

{0280]  The present application provides methods for freating a cancer using a protein
described herein and/or a pharmaceutical formulation described herein. The methods may be
used to treat a variety of cancers including, but not limited to, chronic lymphocytic leukemia,
mantie cell lymphoma, non-Hodgkin lymphoma, ovarian cancer, lung cancer, bronchial cancer,
colon cancer, rectal cancer, melanoma, renal cancer, gastric cancer, pancreatic cancer, prostate
cancer, ulerine cancer, breast cancer, oral cancer, pharvngeal cancer, hairy cell leokemia, biver
cancer, intrahepatic bile duct cancer, and thyroid cancer

EXAMPLES
{0281]  The disclosure now being generally described, will be more readily understood by
reference to the following examples, which are mcluded merely for purposes of illustration of
certain aspects and embodiments of the present disclosare, and are not intended to bt the
scope of the disclosure in any way.
EXAMPLE 1: Reagent Preparation
{0282]  This example describes the reagents, and screening assays that were used to generate
the data of the present disclosure.
1.1 Luciferase Reporter Target Celis
{0283]  Target cells were engineered to stably express firefly huciferase and ¢GFP via
lentiviral transduction. Loss of tuciferase activity upon addition of D-luciferin to a sample was

used as an mdication of cell killing.
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Screening and Identification of RORI-binding Clones

{0284]  Clone 69A02 was obtaned from a naive human scFv phage library panning on
recombinant ROR1 protein, using standard techmiques well known to persons of ordinary skill in
the art. Counterselection was performed on His-tagged human ROR2 extracclivlar domam
{(ECD) and an irrelevant His-tagged negative target. Positive selection was carnied out on His-
tagged haman ROR1 ECD ROR!1 binders. Primary screening for human RORT vs. human
RORZ was followed by secondary screeming for specific cellular binding to recombinantly
overexpressed human ROR1. Subsequent ELISA domain binning applyving coated human Fe-lg
thuFc-Ig) (SEQ TD NO: 134}, buman Fe-lg-Frizzled (huFe-Tg-frz) (SEQ ID NO: 137), or human
Fe-Frizzied-Kringle (huFe-frz-KNG)Y (SEQ [D NO: 138} fusion proteins revealed specificity of
69A 02 towards the Ig-like domain of human ROR1I. An additional sandwich ELISA-based Ig-
binder binning (coating of binder A, pre-incubation binder B + human ROR1 ECD-His,
detection of non-overlapping binding via anti-His-horseradish peroxidase (HRP)) indicated a

unique epitope that did not overlap with further internal hit candidates.

{02185]  Clone 82HO02 was identified by applying a randomly paired Fab veast surface display
Iibrary derived from transgenic rats producing human variable antibody domains immumized
with human ROR ECD-His protein. 8ZHO2 was selected by gating on mouse and human RORI
and in subsequent sorting rounds further sorted for huFe-Ig (SEQ 1D NG: 134) but not huFc-frz-
KNG (SEQ IDNO: 138) binding. Flow cytometry using recombinant cell lines confirmed
specificity to human ROR1 without binding human ROR2. This was further confirmed using a

standard ELISA assay.
huFe-Ig:

MKLPVRLLVLMFWIPASLSEPKSSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKINWY VDGVEVHNAKTKPREEQYNSTYRVVSY
LTVEHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMT
KNQVSLTCLVEKGFY PSDIAVEWESNGQPENNYKTTPPYVLDSDGSFFLYSKLTVD
KSRWQOQOGNVFESCSVMHEALHNHY TQKSLSESPGROQETELSVSAELVPTSSWNIS
SELNKDSYLTLDEPMNNITTSLGOQTAELHCKVSGNPPPTIRWEFKNDAPVVQEPRR
LSFRSTIYGSRLRIRNLDTTDTOYFQCVATNGKEVVSSTOGVLFVKFGPPPTASPGY
SDEY (SEQ ID NO: 134)

huFc-frz:

MELPVRILLVLMFWIPASLSEPKSSDK THTCPPCPARPELLGGPESVFLFPPKPKDTLM

ISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSY
118
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LIVLHODWLNGKEYKCKVYSNKALPAPIEKTISKAKGOPREPQVY TLPPSREEMT
KNQVSLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTIVD
KSRWOQGNVESCSVMHEALHNHY TQESLSLSPGEQETELSVSAELVPTSSWNIS
SELNKDSYLTLDEPMNNITTSLGQTAELHCKVSONPPPTIRWEFKNDAPVVEPRR
LSFRSTIYGSRLRIRNLDTTDTGYFQCVATNGKEVVSSTGYLFVKFGPPPTASPGY
SDEYEEDGFCOPYRGIACARFIGNRTVYMESLHMOQGEIENQGITAAFTMIGTSSHLS
DKCSQFAIPSLCHY AFPYCDETSSVPKPRBLCRDECEILENVLCQTEYIFARSNPMI
LMRLKLPNCEDLPQPESPEAANCIRIGIPMADPINKNH (SEQ ID NGO 137)

huFe-fre-KNG:

MKLPVRLUVLMFWIPASLSEPK SSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVYSY
LTVLHODWLNGKEYKCRVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMT
KNGQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWOQOGNVFSCSVMHEALHNHY TQKSLSLSPGKVEKFGPPPTASPGYSDEYEED
GFCQPYRGIACARFIGNRTVYMESLHMQGEIENQITAAFTMIGTSSHLSDKCSQF
AIPSLCHYAFPYCDETSSVPKPRDLORDECEILENVLCQTEY IFARSNPMILMRELK
LENCEDLPOPESPEAANCIRIGIPMADPINKNHKCYNSTGYVDYRGTVEVIKSGRO
COPWNSQYPHTHTFTALRFPELNGGHSY CRNPGNOKEAPWCFTLDENFKSDLCD
[PACDSKDSKERKNEMEILY (SEQ ID NG: 138)

EXAMPLE 2: Cell Binding Assays

{0286]  This example describes cell binding assavs that were used to determine the binding

affinities of bispecific TCEs of the present disclosure.

{02877 Target cells {e.g., human Jurkat-T cells (FIG. 24); cvnomolgus pan-T cells (FIG.
2B); C57BL/6 human D3¢ knock-in mouse T cells (FIG. 2C): CD3e knock-out human Jurkat-
T cells (FIG. 2D), MDA-MB-231 cells (FIG. 3A); T-47D cells (FIG, 3B); human ROR1
expressing mouse 411 cells (FIG. 3C); mouse RORI expressing mouse 411 colis (FIG. 3D);
hunan CD8' T cells (FIG. 12A); cynomolgus pan-T cells (FIG. 12B); MDA-MB-231 cells
(FIG. 13A and FIG. 13B); mouse RORI expressing mouse 4T1 cells (FIG, 13C and FIG, 13D)
were added to V-bottom 96-well plates at 300,000 cells per well. Afier washing twice with 200
ul of phosphate buffered saline (PBS) by centrifugation at 500 x g for 5 minutes at room
temperature, the cells were resuspended in 100 uL of Live/Dead fixable green working baffer
{ThermoFisher Scientific, Cat No: L23101; one vial of Live/Dead fixable green powder was

dissolved into 530 pL of DMSO and 1 gl of dissolved Live/Diead fixable green was added to 1
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mL of PBS to prepare the working buffer). After 15-minutes of incubation at room temperature,
the cells were washed twice with 200 pl. of PBS by centrifugation at 500 x g for 5 minutes at
room temperature and resuspended in 50 L of 10% goat serum in BD staining buffer (BD

Bigsciences, Cat No: 554637} Next, the celis were incubated at room temperature for 20

L4

minuvtes and 30 pub of a bispecific reference T cell-binder (Ref T cell-binder){comprising
polypeptides having amune acid sequences of SEQ 1D NO: 302, SEQ 1D NO: 303, SEQ 1D NO:
304, SEQ ID NO: 305), reference Frizzled-binding TCE (Ref Frz-binding TCE 1A or Ref Frz-
binding TCE 1B}, 69A02 TCE (69A02 TCE 1A or 69A02 TCE 1B) or 82H0Z TCE (82H0Z TCE
LA or 82HO2 1B} {scrial dilutions in BD staming buffer from 250 oM to 10 pM, as mdicated in
10 each figure) were added to the cells without washing. The plates were then covered with foil to
avoid direct light and incubated for 60 minutes at 4 “C. The cells were then washed twice with
200 ub of PBS by centrifugation at 500 x g for 5 mimuies at room femperature and resuspended
m 100 pl of 3 pg/ml. goat anti-human IgG-Alexa Fluor 647 antibody (Jackson

ImmumoResecarch Lab, Cat No: 109-606-003) i BD staining buffer. After incubating for 30

[
(¥

minutes at 4 °C, the colls were washed twice with 200 pL of PBS by centrifugation at 500 x g
for 5 minuates at room temperature and resuspended into 100 pl of fixation buffer (BioLegend,
Cat No: 420801). The samples were then analyzed on a flow cvtometer for binding signal using
Flowlo software. ROR1I and D3 binding ECso s (concentration vs mean fluorescence intensity
{MF1)) for reference molecules and test bispecific TCEs were obtained using 4-parameter non-

20 lwear regression curve fitting m GraphPad Prism.
2.1 CD3 Binding Affinitv

{0288]  The apparent binding affinities for buman or cynomolgus D3 associated with a
reference T cell-binder {Ref. T cell-binder}, reference ROR1T Frizzled domain-binding TCE i
Format 1A (Ref Frz-bindimg TCE 1A), reference ROR1 Frizzled domain-binding TCE i

25  Format 1B (Ref Frz-binding TCE 1B}, bispecific TCE 69A02 1n Format 1A (69A02 TCE 1A),
bispecific TCE 69A02 in Format [B (69A02 TCE 1B), bispecitic TCE 82H02 in Format 1A
(82H02 TCE 1A), and bispecific TCE 82HO02 in Format 1B (82HO2 TCE 1B), on Judkat T cells,
cynomolgus pan-T1 cells, T cells isolated from C37BL/6 mice expressing a chimeric CD3e
consisting of the ectodomain of human CD3 and the transmemnbrane and cytosolic domains of

30 mouse CD3, or human CD3 knockout Jurkat T cells are shown in FIG. 24 (and summarized
TABLE 12), FIG. 2B (and summarized in TABLE 12}, FIG. 2C {(and summarized in TABLE
12}, and FIG. 2D (and swomarized in TABLE 12), respectively.
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{0289] TABLE 12: Apparent CD3 Binding Affinities

Jurkat T celis | Cynomolgus | T eells from huCD3
pan T cells  {huCD3 knock- koockout
in CS7BL/6 | Jurkat T cells
mice
ECs (nM) ECso (M) ECss {(nM) ECss (nM)
Control No binding No binding No binding Not Tested
Ref, T cell-
binder 1573 16428 258 8 No binding
Ref. Frz-
binding TCE
iA 9.1 10.47 4.06 No binding
Ref, Fraz-
binding TCE
iB 37.6 3462 33.84 No binding
68A02 TCE 1A 10.4 13.362 Not Tested No binding
69A02 TCE 1B 35.86 17.64 Not Tested No binding
&2H02 TCE 1A 8.6 11.73 4.34 No binding
SIHO2 TCE 18 6573 34 92 24.5 No binding

{0298]  As shown in TABLE 12, the ECses indicate that the apparent binding affinities of
69A02 TCE 1A, 6SA02 TCE 1B, 8ZHO2 TCE 1A, and 82H02 TCE 1B for human, cynomolgus,
and human/mouse chimernic CD3 were less than 3 fold different from cach other. The apparent
binding affinities for CD3 of 69A02 and 82HO2 TCEs were approximately 4-fold lower in
Format 1B as compared to Format 1A, Reference T cell-binder had an approsamately 15-fold
lower apparent binding affinity to CD3 as compared to bispecific TCEs 69A02 and 82H0Z in
Format 1A and approximaiely 4-fold lower apparent binding affiity to UD3 as compared to
bispecific TCEs 69A02 and 82HO02 in Format 1B. To address specificity for CD3, binding of
bispecific TCHs 69A02 and 82HO2 1o Format 1A and Format 18 to Jurkat T cells devoid of CD3

was assessed (FIG, 2B). No non-specific bindimg was observed.

{8291}  The apparent binding affinities for human and cynomolgus CD3 associated with the
bispecific TCHs incorporating sequence optimized vanants of 82HO02 (82H02 TCE #1 having
high ROR1 binding affinity and high CD3 affiuty), 82H02 TCE #2 (having high ROR! binding
affinity and low CD3 binding affimity), 82H0Z TCE #3 (having fow RORI binding affinity and
high D3 binding affinity), and 82H02 TCE #4 (having low ROR1 binding affinity and low
CD3 binding affinity) and reference T cell-binder (Ref T cell-binder) were determined by flow
cytometry using human CD8' T cells (FIG. 12A and summarized in TABLE 13) and pan T cells

from cynomolgus macaque (FI1G, 12B and summarized in TABLE 13).
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{9292] TABLE 13: Apparent CD3 Binding Affinitics of Sequence Optimized Vartants
Human CB8" T Cells | Cynomolgus Pan T cells
ECs@ (iﬂ\/i) E{:SG (nM)
Anti-HEL Control No binding No binding
Ref. T cell-binder 266.3 3382
82HO2 TCE #1 2.8 4.1
82HO2 TCE #2 198 26.2
S2HO2 TCE #3 3.0 4.4
82HO2 TCE #4 204 277
{0293]  As shown in TABLE 13, refercnce T cell-binder had the weakest affinity for both

human and cynomolgus CD3 at about 250 and 350 nM, reapectively. These values were
approximately 100-fold lower affinity than sequence optimized variants 82H02 TCE #1 and
82H02 TCE #3, and approximately 10 to [5-fold lower affinnty than the sequence optimized
vartants 82HO2 TCE #2 and 82H02 TCE #4. The difference between apparent CD3 binding
affinity to homan and cynomolgus CD3 for each sequence optimized 82HO2 TCE variant was
less than 2-fold. Interestingly, the maximum number of CD3 molecules bound by 82H02 TCE
#1 (Cmax) was between 30% (human) and 40% higher (cynomaolgus) than the Cwax observed for
82H02 TCE #3. The mechanism of action for this observation is unclear but may be caused bv a
difference in conformation between the two bispecific TCEs that resalts in easter access of

82H02 TCE #1 to CD3 than 82HO2 TCE 43.

2.2 RORI Binding Affinity
{9294]  The apparent binding affuitics for human ROR1 associated with a reference T cell-

binder (Ref. T cell-binder), reference RORI1 Frizzled domain-binding TCE in Format 1A (Ref
Frz-binding TCE 1A), reference RORI Frizzled domain-binding TCE m Format 1B {Ref Frz-
binding TCE [B}, bispecific TCE 69A02 in Format 1A (69A02 TCE 1A), bispecific TCE 69A02
in Format 1B (69402 TCE B}, bispecific TCE 82H02 m Format 1A (82H0O2 TCE 14), and
bispecific TCE 82H02 in Format 1B {(82HO2 TCE 1B}, on MDA-MB-231 cells, T47D cells, 4T1
cells engineered to overexpress human ROR1, or 4T1 cells engineered to overexpress murine
RORI are shown in FIG. 3A (and sunmarized in TABLE 14), FIG. 3B (and summarized in
TABLE 14), FIG. 3C (and summarnzed i TABLE 14), and FIG. 3D {and sununanzed
TABLE 14), respectively.
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{0295] TABLE 14: Apparent ROR1 Binding Affinities

MDA-MB-231] T-47D Cells { 471 huROR1 { 4T1 muRORI1
Cells
Elso (nM) B (nM) Bls0 (aM) ECse (nd)
Control No binding No binding No binding No binding
Ref. T cell-
binder 0.37 Minimal 2.48 No binding
Ref, Fre-
binding TCE
1A %1.63 Minimal 127 1.2
Ref. Frz-
binding TCE
iB 63.72 Minimal 1.45 1.01
68A02 TCE 1A 0.23 No binding Not Tested Not Tested
63402 TCE 1B 043 No hinding Not Tested Not Tested
82H02 TCE 1A .52 No binding 1.14 2.08
S2HOZ TCE 1B 2723 No binding 0.7 2.01

{0296]  Asshown in TABLE 14, the apparent binding affinitics of reference T cell-binder,
69A02 TCE and 82H02 TCE were greater than 30-fold higher than reference RORI Frizzled
domain-binding TCE using wild tvpe MDA-MB-231 cells, which express low levels of RORI.
Minimal non-specific binding to RORI T47D cells was observed with reference T cell binder
and reference ROR1 Frizzled domain-binding TCE at high concentrations. No non-specific
binding was observed with 69A02 or 82H02 TCEs

{9297]  To determine the apparent binding affinities of bispecific 82HOZ in Format 1A and
Format 1B for mouse RORIL, 4T1 cells were engincered using the PigevBAC transposon to
overexpress mouse ROR-1 (FIG. 3D) and compared to cells engmeered to express human RORI
(FIG. 3C). The apparent affintties for human and mouse RORI were less than 3-fold different
between bispecific TCE 82H02 in Format 1A, bispecific TCE 82HO2 i Format 1B, and
reference RORI Frizzied domain-binding TCE. Purified buman IgG was used as a negative

control. Reference T cell-binder did not bind mouse ROR1.

{0298]  The apparent ROR1 binding affinity for reference ROR! Frizzled domam-binding
TCH was greater than 30-fold higher n 4T1 cells engineered to express human ROR1 (FIG. 3C)
as compared to MBA-MB-231 cells (FIG. 3A). This increased binding affinity may be because
the deasity of ROR1 expression on 4T1-hRORIT celis is greater than 10-fold higher than
cxpression on MIDA-MB-231 cells. Further, the maxtoum number of hRORT molecules bound
by reference ROR1 Frizzled domain-binding TCE in Formats 1A and 1B was approximately 2.5
fold less than bispecific TCE 82H02 in Formats 1A and 1B, In contrast, for mouse RORI, the
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maximum nember of muRORT molecules bound by reference ROR1 Frizzied domain-binding
TCE and bispecific TCE 82HO2 in Formats 1A and 1B was about the same. The reason for this
difference in binding to buman versus mouse RORT may be due to (1) access to the human
versus mouse ROR1T Frizzled domain for which reference RORI Frizzled domain-binding TCE
is spectfic and/or (2) a difference in density between human and mouse ROR] expression on

471 cells.

{9299]  The apparent binding affinities for human and mouse RORI associated with the
bispecitic TCHs incorporating sequence optimized vartants of 82HO2 (82HO2 TCE #1, 82HO2
TCE #2, 82H02 TCE #3, 82H0O2 TCE #4) and reference T cell-binder (Ref. T cell-binder) were
determined by flow cytometry using ROR1Y MDA-MB-231 cells {(FIG. 13A and summarized in
TABLE 15) and 471 cells engincered to overexpress murine RORI (FIG. 13B and summarized

in TABLE 15).

{0300] TABLEK I5: Apparent ROR1 Binding Affinities of Sequence Optimized Variantis
RORITMDA-MB-231 4T1 muROR1
ECss (aM) ECs (nM)
Anti-HEL Control No binding No binding
Ref. T cell-binder {14 Na binding
82HO2 TCE #1 .81 219
82HG2 TCE #2 8.72 2.24
82IHO2 TCE #3 21118 1037
82HO2 TCKE #4 76.48 496
{33011  As shown in TABLE 15, both sequence optinized varants 82HO2 TCE #1 and

82H02 TCE #2 had an approxamately 3-fold difference in apparent ROR1T binding affinity
between haman and mouse ROR1. For sequence optimized vartants 32H02 TCE #3 and 32HO2
TCE #4, the difference in apparent ROR1 binding affinity between buman and mouse was
approximately S-fold and 6.5-fold, respectively. The difference m apparent ROR 1 binding
affinity between bispecific TCEs having high ROR binding affinities (82H02 TCE #1 and
82H02 TCE #2) and bispecific TCEs having lowROR1 binding affintties (82H02 TCE #3 and
82H02 TCE #4) ranged between 100 to 250-fold for human ROR I and 250 1o 500-fold for
mouse ROR1T. Iterestingly, although the apparent ROR 1 binding affinities of bispecific TCEs
having high ROR1 binding affinity were not appreciably impacted by high or low CD3 binding
affinitics, the difference in RORY binding affmity in 82H0Z TCE #3 (bhaving low 82H02 binding
affinity and high CD3 binding affinity) versus 82H02 TCE #4 (having low 82H02 binding

affinity and low CD3 binding affinity), was about 3-fold and 2-fold higher for human RORI and
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mousc RORI, respectively. This result may be duc to the maximum number of RORT molecules
bound by 82H02 TCE #3 and 82H02 TCE #4, relative to 82HO02Z TCE #1 and 82H02 TCE #2,
which made 1t difficult to caleulate accurate ECso binding values for §2HO02 TCE #3 and 82H02

TCE #4.

EXAMPLE 3: Target-dependent cytotoxicity (TDCC) and Cyiokine Release Assays
{(TBCR}

{0362]  This example describes the induction of target tumor cell killing and cytokine release

by CDB&" T cells in the presence or absence of bispecific TCEs of the present disclosure.
34 TDCC and TDUR Assays using Humon CD8™ T Celis

{0303] 24 howrs before TRCC and TDCR experiments, target cells (MDA-MB-231 cells
(FIG. 53A and FIG, 5B); MCF-7 cells (FIG. 83C); T-47D celis (FIG 3D); MDA-MB-231 cells
(FIG, 8A and FIG, 8C)) were cultured 1n antibiotic-free media. 100 uk of target coll suspeunsion
was dispensed mto each well of a black walled, clear flat-bottom plate (5000 cells per well) and
incubated for 4 hours. The viability of human CD8" T cells (HemaCare Bioresearch (Cat No.
PBOSNCY) cultured for 48 hours in 250 IU/mL L2 was determined via trypan blue exclusion
and the viable ccll denstty was adjusted to 500,000 cells/mL v AIM-V medium {(Gibeo, Cat No:
12055-091) supplemented with 250 U/mL 112, Test bispecific TCEs, reference T cell-binders,
and reference Frizzied-binding TCEs were serially diluted in AIM-V media. At the end of the 4
hour incubation of target cells, culture medium was removed and 50 ul of media control was
added to designated wells or 56 ul of CD&' T cell suspension were added to each designated
well to make an effector CD8" T celltarget cell (E:T) ratio of 3:1. 50 uL of media control, test
bispecific TCE, reference T cell-binder, or reference Frizzled-binding TCE dilution were added

to designated wells and the plates were incubated for 24 hours at 37 °C, 5% COa.

{0304]  After the 24 hour incubation, plates were centrifuged for 30 seconds at 1000 RPM and
50 pl of supernatant was transferred to a black-walled, cloar flat-bottom plate and 50 pb of
ONE-Glo Luciferase Assay solution (Promega, Cat No: E6120) was added to each well and
mcubated for 2 minutes at room teroperature. Bioluminescence of the samples n the plates was
measured using an Envision plate reader {or equivalent). The kalling percentage of target cells in
a sample was calculated by treating the bicluminesconce of samples comprising target cells co-
cultured with CDR" T cells and media control as 100% killing of target cells, while the
broluminescence of samples comprising target cells and the biolaminescence of samples

comprising target cells in the absence of D8 T cells as 0% killing of target cells. The killing
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ECso (concentration vs killing percentage} was obtained using 4-parameter nop-lincar regression

curve fitting 1in GraphPad Prisma.

{0365]  Afier the 24 hour incabation, 30 uL of sapernatant was also transferred to wells of a
V-bottom storage plate for IFNy release detection. IFNy release was measured using a human
{FNy Alphal.ISA Detection Kit (PerkinElmer, Cat No: AL217F). In brief, 5 ul. of samples or
standards were added to a non-clear 384-well flat bottom assay plate. AlphalISA anti-IFNy
acceptor beads {1 volume) were mixed with biotinylated anti-IFNy antibody (1 volume) in 198
volumes of prepared Ixassay buffer. 26 pl. of muxed acceptor bead/antibody was added to the
samples and standards and incubated for 60 minutes at room temperature m the dark. Next, |
volume of streptavidin donor beads were diluted in 61.5 volumes of 1x assay baffer and 25 ub
of diluted streptavidin donor beads was added to wells containing the samples and standards and
meubated for 30 minuies at room temperature in the dark. After 30 minutes incubation, the plate
was read using an Envision plate reader. Conversion to the concentrations of IFNy was
caleniated as per the manufacturer’s specifications. ECso of IFNy release (concentration vs

1Ny} was obtained using 4-paramcter non-lnear regression curve fitting in GraphPad Prism.

{8366]  As shown in FIG. 5A {and summarized in TABLE 16}, reference T celi-binder and
reference RORI Frizzied domain-binding TCE in Format 1A were the most potent molecules
tested in their ability to induce CD8' T cell cytotoxicity when co-cultured with MDA-MB-231
cells and were less than 2-fold different from cach other. Potency was defined as the HECso for
target cell killing. The ECsos for bispecific TCE 69A02 m Format 1A and bispecific TCE
82H0Z in Format 1A were both approximately 20 pM and within 2 to 3 fold difference of the
ECsos for bispecific TCE 69A02 in Format I B and bispecific TCE 82HO02 in Format 1B,

respectively.

{93077 The magntude of killing of the reference T cell-binder, reference RORI Frizzled
domain-binding TCE in Format 1A bispecific TCE 69A02 in Format LA, and bispecific TCE
82H02 in Format 1A were not appreciably different, whereas bispecific TCE 69A02 in Format
1B and bispecific TCE 82HO02 in Format 1B, had slightly reduced potency with ECses ranging

from about 35 1o 60 pm.
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{0308] TABLE 16: Target-dependent Cytotoxicity of Human CD8" T Celis

D8 T cell: RORI MDA-
MB-231
ECse (pM)
Ref. T cell-
binder 6.9
Ref. Frz-
binding TCE
1A 4.7
Ref. Frz-
binding TCE
iB Not Tested
63A02 TCE 1A 202
69A02 TCE 1B 356
82HOLX TCE 1A 19
82HG2 TCE 1B 58.1

{0309]  As shown in FIG. 8B (and summarized in TABLE 17), reference T cell-binder and
reference RORT Frizzled domain-binding TCE were the most potent molecules tested in their
ability to induce CD8' T cell IFNy release when co-cultured with MDA-MB-231 cells and were
approximately 2-fold different trom cach other. Potency was defined as the ECso for IFNy
release.

{0318]  Bispecific TCE 69A02 i Format 1A and bispecific TCE 82HOZ in Format 1A were
approximately 2 to 3-fold less potent than refercnce T cell-binder and induced approximately
30% less maximuam IFNy release indicating a decoupling from T cell cytotoxic activity
mduction. Bispecific TCE 69A02 in Format 1B and bispecific TCE 82HO02 in Format 1B were
approximately 3 to 9-fold less potent than reference T cell-binder and indoced approximately
40% less maximum IFNy release

{0311]  As shown in FIGs, SC and 5D (and summanzed in TABLE 17}, netther reference
ROR!1 Frizzied domain-binding TCE in Format 1A or Format 1B, or bispecific TCE 69A02 in
Format ] A or Format 1B induced detectable levels of IFNy relcase indicating that IFNy release
was ROR-dependent.
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{03121 TABLE 17: Target-dependent Cytokine Release of Human CD8Y T Cells
CO8* T eells [CDB" T eell: {CDS T eel 1CDS8 Teell: | CDOSYT | CHBYTY
RORIY RORYY RORT- RORY cell: cell
MDA-MB- | MDA-MB- MCEF7 MCFE7 RORY RORY
231 231 T47D T47D
EC: (pM) | Max, IFNy | ECse (pb) | Max, IFNy [ECse (pM) Max. IFNy
{pe/mi) {pgfmL} {pe/mi)
Ref. T cell- 9.9 1814 Not Tested §| Not Tested |Not Tested | Not Tested
binder
Ref. Frz- 4.7 1128 No Activity § No Activity [No ActivityfNo Activity
binding TCE
1A
Ref, Frz- | Not Tested | NotTested | No Activity § No Activity [No ActivityiNo Activity
binding TCE
iB
63A02 TCE 213 1203 No Activity § No Activity [No ActivityfNo Activity
1A
§3A02 TCE 289 1099 No Activity | No Activity INo ActivityiNo Activity
1B
82HE2 TCE 19.8 1271 Not Tested | Not Tested §Not Tested | Not Tested
1A
82HO2 TCE %8.9 1094 Not Tested { Not Tested {Not Tested{Not Tested
iB
3.2 THCC and TDCR Assavs using Cynomolgus CDEY T Cells
{0313]  To assess whether eynomolgus monkeys are a relevant species with which to study the

bispecific TCEs of the present disclosure, we compared the functional activity of human and

cynomolgus CD8Y T cells in the in vitro target-dependent cytotoxicity and IFNy release assays.

[0314]

TDCC assays using cynomolgus CDR' T cells (1Q Biosciences, Cat No: IQB-Mnl-

CD8T2) were performed using methods analogous to TDCC assays using human CDR' T cells

as described in Example 3.1 above.

[0315]

TBCR assavs using cynomolgus CD8* T cells were performed using a cynomolgus

{FNy Alphal ISA Detection Kit (PerkinElmer, Cat No: ALS61C) having a manufacturet’s

protocol analogous to that of the human IFNy Alphal.ISA Detection Kit as described in
EXAMPLE 3.1 above.

[0316]

As shown in FIG. 8A and FIG. 8B (and summanzed in TABLE 18), the rank order

of molecules tested in their ability to induce CD8Y T cell cytotoxicity when co-cultured with

MDA-MB-231 tamor cells was the same for both human and cynomolgus CDS* T cells: namely,

reference ROR| Frizzled domau-binding TCE i Format 1A > reforence T cell-binder >
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reference RORI Frizzied domain-binding TCE in Format 1B > bispecific TCE 82HO02 in Format
{ A > bispecific TCE 82H02 in Format 1B. For ecach molecule tested, there was an approximate
2 fold difference in potency of induction of cytotoxic activity between treated huroan CDR' T

cells and treated cynomolgus CD8" T cells.

{03171  TABLE 18: Target-dependent Cytotoxicity of Human and Cynomolgus CD8™T
Cells

Human CD8" T) Cynomolgus
cell: RORIY | CD8 T cell:
MDA-MB-231 | ROR1" MDA-

MB-231
ECs0 (ph) ECs (pM)

Ref. T cell-
binder 2.
Ref, Frz-
binding TCE
1A 0.7 1.446
Ref. ¥rz-
binding TCE
iB 438 10.61
69A62 TCE 1AT  Not Tested Mot Tested
69AG2 TCE 1Bf  Not Tested Not Tested
82HG2 TCE 1A 8.3 21.08
82HG: TCE IB 237 5481

v
a3

838

I

{8318]  As shown in FIG. 8C and FIG. 8D (and summarized in TABLE 19), the rank order
of molecules tested in their ability to induce IFNy release from CD8" T cells co-cultured with
MDA-MB-231 tumor cells was the same for both human and cynomolgus CD8" T cells; namely,
reference ROR1 Frizzled domain-binding TCE in Format 1A > reference T cell-binder >
reference RORI Frizzied domain-binding TCE in Format 1B > bispecific TCE 82HO02 in Format
1A > bispecific TCE 82H02 in Format 1B. For cach molecule tested, there was an approximate
2 fold difference in potency of induction of TFNy release between treated human CD8 T cells
and treated cvnomolgus D8 T cells.

{03191  The magoitude of ROR I-dependent tumor cell cytotoxicity and IFNy release was

stiailar between human and cynomolgus CDR T cells. This supports the use of cynomolgus

monkeys for non-~clinical studies of bispecific TCEs of the present disclosure.
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{9326] TABLE 19: Target-dependent Cytokine Release of Human and Cynomolgus
D8 T Cells

Human CB8" | Human CD8" | Cynomslgus | Cynomaolgus
Teell: RORIY T eell: RORIT] CD8" Teell: | CB8™T cell:
MDA-MB-231 | MDA-MB-231 | ROR1* MDA- | ROR1" MDA-

Cells Cells MB-231 Cells | MB-231 Cells
ECss (ph) Max, IFNy ECse {(pM) Max, {FNy
{(pg/mi) {pg/ml)
Ref, T cell-
binder 128 2012 26.7 2115
Ref. Frz-
binding TCE
1A 37 249 6 102 2495
Ref. Frz-
binding TCE
iB 17.2 177.1 412 190.8

69A02 TCE 1A} Wot Tested Not Tested Not Tested Not Tested
68A82 TCE 1Bl  Not Tested Not Tested Not Tested Not Tested
S2HO2 TCE 1A 40.0 1748 797 170.9
2HNZ TCE IB 104 4 124.6 191 {1386

3.3 TDCCand TDUR Assays using Human PBMCs

{0321]  TDCC assays using PRBMCs isolated from buman whole blood and target cells (MDA-
MB-231 cells (FIG. 4A | FIG. 4C, and FIG. 143, T-47D cells (FIG. 4B and FIG. 4D); Du-145
cells, A349 cells, NCI-H1975 cells. MDA-MB-231 cells, NCCIT ceils and MCF-7 colls (FIG.
7). and MDA-MB-231 cells with different expression levels of RORI (FIG. 16 and FIG. 17)),
were performed using methods analogous to TDCC assays using human CD8™ T cells as

described in EXAMPLE 3.1 above.

{03221  Specifically, PBMCs were isolated from whole blood using Ficoll-Pague Plus medium
{GE Healthcare, Cat No: 17144002) according to the manufacturer’s instructions and
resuspended in RPMIE1640 media supplemented with 10% FBS and 1% penicillin/streptomycin
at a cell density of 3 million cells/mL.

{0323] TDCR assays using PBMCs were performed using a niman IFNy AlphalISA
Betection Kit (PerkinElmer, Cat No: AL217F} as desenbed in EXAMPLE 3.1 above.

{0324]  To wdentify bispecific TCEs that induce robust TBCC of target turmor cells and low
fevels of TBCR from PBMCs, a decoupling ratio was calculated and defined as the quotient of
the arca under the curve (AUC) of a TDCC assay killing percentage vs concentration plot and
the AUC of a TDCR assay [FNy release vs concentration plot.
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{03251 Asshown in FIG, 4A {(and sunmumarized in TABLE 28), reference T celi-binder and
reference RORI Frizzied domain-binding TCE 1 Format 1A were the most potent molecules
tested in their ability to induce CDE&' T cell eytotoxicity when co~cubtured with MDA-MB-231
cells and were less than 2-fold different from each other. Potency was defined as the ECso for
target cell killing.

{0326]  The ECsos for bispecific TCE 69A02 in Format 1A and bispecific TCE 82H02 in
Format 1A were approximately 3-fold less potent than reference T cell binder (~ 1910 25 pM).
ECsos for bispecific TCE 69A02 ju Format 1B and bispecific TCE 82H02 in Format 1B, were 4~
fold less potent than bispecific TCE 69A02 in Format 1A and bispecific TCE 82HO2 in Format
1A, respectively {~ 48 to 77 pM).

{03277 The magnitude of killing of the refercnce T cell-binder, reference RORI Frizzled
domam-binding TCE in Format 1A, bispecific TCE 69A02 in Format A, and bispecific TCE
82H02 in Format 1A were not appreciably different. As shown in FIG. 4B {and summarized in
TABLE 26), no cviotoxicity was measurably detected 1o co~-cultures of PBMCs with RORT-

T47D target tumor cells, indicating that the observed cytotoxicity was ROR I-dependent.

{0328] TABLE 28: Target-dependent Cytotoxicity of Humas PBM s

PBMCCs: PBMCs;
RORIYMDBA-| RORU-T47D
MB-231 cells cells
BECs0 (pVh) ECss (pM)
Ref, T cell- 6.4 No activity
binder
Ref. Frz- 34 No activity
binding TCE
1A
Ref., Frz- Mot Tested Not Tested
binding TCE
iB
69A02 TCE 1A 194 No activity
69A02 TCE 1B 48.0 No activity
82802 TCE 1A 24 8 No activity
SZHO2 TCE 1B 76.6 No activity

{03291 As shown in FIG. 4C (and summarzed in TABLE 21), reference T celi-binder and
reference RORI Frizzled domain-binding TCE i Format 1A were the most potent molecules
tested in their ability to induce PBMC IFNy release when co-cultared with MDA-MB-231 cells
and were less than 2-fold different from each other. Potency was defined as the ECse for IFNy

release.
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{0338]  Bispecific TCE 69A02 1 Format 1A and bispecific TCE 82HO02 in Format 1A were
approximately 10-fold less potent than reference T cell-binder. Bispecific TCE 69A02 in
Format 1B and bispecific TCE 82H02 1n Format 1B were approximately 300 to 1000-fold less
potent than reference T cell-binder and induced approximately 60 to 70% less maximum IFNy
release.

{0331]  As shown in FIG 4D (and summanzed m TABLE 21}, netther reference T cell-
binder, reference ROR1 Frizzied domain-binding TCE i Format 1A, bispecific TCE 65A02 in
Format | A or Format 1B, or bispecific TCE 82H02 1 Format 1A or Format 1B mnduced
detectable levels of TFNy release indicating that TFNy release was ROR1-dependent.

{0332] While reference T cell-binder and reference ROR1 Frizzied domain-binding TCE in
Format 1A were bighly potent at the induction of PBMC cytotoxic killing of tumor cells and
IFNy release, bispecific TCEs 69A02 and 82HO2 in Formats 1A and 1B were more potent
mnducers of cytotoxic killing than IFNy release.

{8333] TABLE 21: Target-dependent Cytokine Release of Human PBMCs

PBMCs: PBMs: PBMs: PBMCs:
RORI* MDA-{ RORI"MDA-| RORI"T47D { RORI-T47D
MB-231 Cells | MB-231 Cells Cells Cells
ECsq (pM) Max, IFNy ECs (pM) Max. IFNy
{pg/mL) {pg/mL}
Ref. T cell- 6.6 1806 No activity No activity
binder
Ref, Frz- & 1324 No activity No activity
binding TCE
1A
Ref. Frz- Not Tested Not Tested Not Tested Not Tested
binding TCE
iB
69A02 TCE 1A 87.6 1084.1 No activity No activity
69A02 TCE 1B 2090 707 4 Mo activity No activity
S2HOZ TCE 1A 130 9067 No activity No activity
82H02 TCE 1B 7120 600.3 No activity No activity

{0334]  To guantify the magnitude by which each test bispecific TCE decoupled cvtotoxicity
from proinflammatory cytokine release, a “decoupling ratio” was calculated as the guotient
between the area under the curve {AUC) for target killing and the AUC for IFNy relcase fora

given test or reference molecule.
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{93351  AUC values were normalized to the values calculated for the reference T cell-binder,
for which the ECses (potency) of target cell killing and IFNy release were both about 6 pM (e a
decoupling ratio of 1, meaning that cyvtotoxicity was not decoupled from IFNy release). As
shown m FEG. 4K, bispecific TCE 69A062 in Formats 1A and 1B, and bispecific TCE 82H0Z in
5 Formats 1A and 1B bad decoupling ratios sigmuficantly greater than reference T cell binder {i.e.
greater than 1)
{0336]  Bispecific TCE 69A02 in Formats 1A and 1B, and bispecific TCE 82H02 in Format
1A had comparable decoupling ratios ranging from approximately 1.8 to 2. Bispecific TCE
82HO02 in Format 1B had the highest decoupling ratio.

10 {03371  The observed decoupling of cviotoxicity from promflammatory cvtokine release in
PBMCs was more pronounced than the decoupling observed in pure CD8' T cell populations
{(EXAMPLE 3.1, above}, particularly for bispecific TCE 82H0Z in Format 1B. These reselts
suggest that the presence of CB47 helper T cells may plav a role in the mechanism of action by

which bispecific TCEs of the present disclosure maintain cytotoxicity while having reduced

[u—
(v

{FNy rolease.

{0338]  To determine whether decoupling of cytotoxicity from promflammatory cytokine
release mediated by bispecific TCEs of the prosent disclosure was a geveralized characteristic
across an array of RORI™ tumor cell lines, ROR1 dependent target cell killing and ROR1-
dependert IFNy release was assessed across muftiple tumor cell lines having various surface
20 expression levels of RORI. Average cell surface densities of ROR1 on cell lines used in this

cxample are shown in TABLE 22,

{0339] TABLE 22: ROR1 Cell Surface Densities of Various Cell Lines

Cell Line ROR 1 density (molecules per cell)
MCF-7 0
Du-143 13336
AS549 36334
NCE-H1975 38486
MDA-MB-231 46660
NCCIT 94426

{03408]  As shown in FiGs. 7A to 7D, and as was previously observed with MDA-MB-231

o
9

targets, decoupling of eytotoxicity from proinflammatory cviokine release was observed with all
ROR-17 tumor cell lines when co~cultured with PBMCs in the presence of bispecific TCE

82H02 in Formats 1A (FIG. 7A and FIG. 7B) and 1B (FIG. 7C and FIG. 7). Decoupling was
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not observed 1o either reforence T eell-binder or reference ROR1 Frizzled domain-binding TCE
m Format 1A (FIG. 7E and FIG. 7F). No target cell killing or IFNy release was observed m
PBMC co-cultures with ROR I MCF-7 ¢clis.

{0341]  QOverall, both target cell killing and promflammatory cytokine release were observed
to be ROR1 dependent. Further, given that the observed decoupling of cytotoxicity from
cytokine welease by bispecific TCE 82HO2 in Formats 1A and 1B was observed for all RORIT
cell lines tested, it appears that this phenomenon is not limited to MDA-MB-231 but is more

generally applicable to all RORI™ cell lines.

{0342]  As shown in FIG. 14A {and summarized in TABLE 23), reference T cell-binder was
2 to 4-fold and 15-fold more potent in indacing eytotoxic humor cell killing when PBMCs were
co~cultured with MDA-MB-231 cells as compared to sequence optinuzed bispecific TCEs
82H02 TCE #1 and 82HO02Z TCE #2; and bispectfic TCEs 82HO2 TCE #3 and 82H02 TCE #4,
respectively. The decreased potencies of bispecific TCEs 82H02 TCE #1 and 82H02 TCE #2
¢thigh-affinity ROR1 binding) compared to bispecific TCEs 82HO02 TCE #3 and 82H02 TCE #4
{low-~affinity ROR1 binding), was between 4 to 6-fold. The decreased potencies of bispecific
TCEs 82H02 TCE #1 and 82H02 TCE #3 (hgh-affinity CD3 binding) compared to bispecific
TCEs 82H02 TCE #2 and 82HO2 TCE #4 (low-affinity CD3 binding}, was less than 2-fold.
These results suggested that the major difference in potency for inducing cytotoxic killing
activity between bispecific TCEs of the present disclosure 1s primarily driven by the apparent

affinity for RORI and not CB3.

{0343]  As shown in FIG. 148 (and sumumarized in TABLE 24}, reference T cell-binder was
about 20 to 25-fold and 40 to 50-fold more potent in inducing IFNy release when PBMCs were
co-cuftured with MDA-MB-231 cells as compared to sequence optimized bispectfic TCEs
82H02 TCE #1 and 82HOZ TCE #2; and bispecific TCEs 82HO2 TCE #3, and 82HOZ TCE #4,
respectively. The decreased potencies of bispecific TCHs 82H02 TCE #1 and 82HO2 TCE #2
(high-affinity ROR1 binding) compared to bispecific TCEs 82H02 TCE #3 and 82H02 TCE #4
{low-affinity ROR1 binding), was approximately 2-fold. The decreased potencies of bispecific
TCHs 8ZH02 TCE #1 and 82H0Z TCE #3 (high-affinity CD3 binding} compared to bispecific
TCEs 82H02 TCE #2 and 82H02 TCE #4 (low-affuuty CD3 binding), was less than 2~fold.
These resuits suggested that the major difference in potency for inducing IFNy release between
bispecific TCEs of the present disclosure is primarily driven by the apparent affinity for ROR1
and not CD3. In addition, the maximum release of IFNy was reduced by about 50% and 60
65% by sequenced optiraized bispecific TCEHs 82HO2 TCE #1 and 82HO2 TCE #2; and
bispecific TCEs 82H02 TCE #3 and 82HO2 TCE #4, respectively.
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{0344]  As shown in FIG, 14C, all of bispecific TCEs 82HOZ TCE #1, 82H02 TCE #2, 82H02
TCE #3, and 82H02 TCE #4 were associated with decoupling ratios which were not appreciably

different from one another {(approximately 2 as normalized to reference T cell binder).

{8345] TABLE 23: Target-dependent Cytotoxicity of Humas PBMCs

PBMCs: MDA-MB-231
ELse (nV)
Ref. T cell-binder 10.1
§2HB2 TCE #1 24.58
82HG2 TCE #2 439
82HG2 TCE #3 148 4
82H02 TCE #4 168.4

{3346] TABLE 24: Target-dependent Cytokine Release of Human PBMs

PBMCs: MDA-MB-231 | PBMCs: MDA-MB-231
ECs (nM) Max IFNy (pg/mL)
Ref, T cell-binder 10.7 21361
82HO2 TCE #1 2047 1124 8
82H02 TCE #2 264.9 10011
82002 TCE #3 424 9 830.7
82HO2 TCE #4 509.4 7643

{0347  The capacity for ROR1I density discrimination related to sequence optimized
bispecific TCHs of the present disclosure was assessed by co-culturing PBMCs with target
MDA-MB-231 tumor cells engineered to express different cell surface densitics of RORL
MDA-MB-231 cells express approximately 46,000 RORI molecules/cell. To reduce surface
expression of RORI, MDA-MB-231 cells were transduced with fentiviruses encoding ROR1-
specific shRNA. To increase surface expression of ROR1. MDA-MB-231 cells were transduced
with lentivituses encoding full-length ROR!. ROR/ knockout MDA-MB-~231 cells were made
using Cas9/CRISPR technology. In total, 6 cell lines were generated having various surface
expression levels of RORT: 0.2 x 10° molecules/eell (MDA-MB-231-0.2); 0.4 = 10°
maolocules/cell (MDA-MB-231-0.4); 6 x 10° molecules/cell {MDA-MB-231-0.6); 1.3 x 1¢°
molecules/cell (MDA-MB-231-1.3); 7 x 10° molecules/celt (MIIA-MB-231-7).

{0348]  As shown in FIG, 16F (and summarized in TABLE 25) and FIG, 17F (and
summmarized in TABLE 26), PBMCs co-cultures with ROR T knockout MDA-MB-231 target
cells did not result m appreciable levels of killing or IFNy release above background. As shown
FIGs. 16A 1o 16E, maximal PBMC-mediated cviotoxicity mnduced by sequence-optimized
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bispecific 82H02 TCEs or reference T celi-binder was reduced as cell surface deasity of RORI
was reduced. Smmiarly, as shown in FIGs. 174 to 17K, maxunal IFNy release induced by
sequence-optimized bispecific 82H02 TCEs or reference T cell-binder was reduced as cell

surface density of ROR1 was reduced.

{03491 The rank order of potency for both induction of cytotoxie activity and IFNy release
was reference T cell-binder > 82H02 TCE #1 > 82H02 TCE #2 > 52H02 TCE #3 > 82H02 TCE
#4,

{0356]  For cvtotoxic killing of target tumor colls, differences in potency of the test molecules
mereased as ROR1 density decreased. At the lowest ROR 1 celf density (MDA-MB-231-0.23,
potencies of evtotoxic activities of reference T cell-binder, 82H02 TCE #1, 82H0O2 TCE #2,

82HO02 TCE #3, and 82H02 TCE #4, were less than 3 fold.

{0351]  For IFNy release, lower ECso and Epax values relative to eytotoxic killing were
consistent with decoupling of cytotoxicity from cytokine release and observed §2H02 TCE #1,
82H02 TCE #2, 82H02 TCE #3, and 82H02 TCE #4, but not the reference T cell-binder. The
magnitade of decoupling was inversely correlated with the cell surface density of RORI and was
not appreciably superior to induction by reference T cell binder at super-physiological densitics

of RORI {(i.e. > 1.3x10° molecules/cell}.

{0352]  As shown in FIG, 18, the decoupling ratio (normalized to reference T cell-binder),
mcreased with decreasing densitics of cell surface ROR1 expression. The highest decoupling
ratios were observed with 82H02 TCE #2, 82H02 TCE #3, and 82HO2 TCE #4 and were not
appreciably different from one another. The decoupling ratios associated with 82H02 TCE #1 at
RORI densities between 0.2 x 10° and 0.6 x 1{° molecules/cells were approximately 20% lower

compared to 82HO2 TCE #2, 82H02 TCE #3, and 82HO2 TCE #4.

{1353] TABLE 25: Target-dependent Cytotoxicity of Homan PBMCs Against Target
Cells Having Various ROR1 Cell Surface Densities

PBMCs: MDA- IPBMCs: MDA} PRBMCs: MDA- | PBMCs: MIDA- | PBMCs: MDA-
MB-231-7 MB-231-173 MB-23106 MB-231-0.4 MRB-231-072
Emax FECso] AUC Faad ECso JAUCH B | ECo0 JAUC] Epax | ECso JAUCH Faax FECse JAUC
(Y0} HpMY Yoy (pM) (Yo} H{pbh) (%) HpMD (%) 1M
Ref. T 1792813 5711 77740170 .315.67616897102 9116, 1241605655 5337 29515421 143 .33110.214133
cell~ G 4 6 4
binder
82HO2 06.5 6479 5708 5019 3903
TCE #1 1758 14.334§742241 5 17.03% 7 100.2510.02{ 7 152.22110.32f 7 140.69111.89 2
82H02 053 63635 35413 4764 3567
TCE #2 174 13]4.7055720008 6 18961 9 156.84110.521 8 30.18112.53F 3 13734113721 ©
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82HO2 63.2 6172 5097 4484 3133
TCE#3 17275154561 714221 2 110450 7 153 8§13.831 8 M77HIS 270 2 1331111811 4
82H02 G.3 3889 4634 4191 2591
TCE #4 170.26§6.529168323F 7 111191 7 151.451524f 5 45 119.621 6 |27.41j2233} 9

{0354] TABLEK 26: Target-dependent Cytokine Release of Human PBMCs Against
Target Cells Having Various RORI Cell Surface Densities

PBMCs: MDA- | PBMCs: MDA- | PBMCs: MDA- | PBMCs; MDA~ | PBMCs: MDA-
MB-231-7 MB-231-1.3 MB-231-0.6 MB-231-0.4 MRB-231-072
Froax FECso JAUCE By [ECso JAUCH Epas | ECso JAUCH Epax | ECso FAUCH B FECso JAUC
(%) LMy % (M @6 LpM) %) JpM) (%) |(pM)
Ref. T (1661 HIS304163751705917.18%16904163621 8.42 (6246158591 134 1567115256114.1315044
celt- 904 9972 567 195 135
binder
82HO0Z §5423120.4 1515715258124, 281492813975180.34{315113051) 123 12433124861 1143212094
TCE #1 497 042 466 954 719
82HO02 14972126.471468314853{30.55]449413668{97 65{279712667 151 1203412267 1191611554
TCE #2 147 702 977 463 079
S2HO2 4734127, 141443014677 130.7914317§31571107.412647§2247§ 167 11680118291 202 {1286
TCE #3 368 548 162 388 784
82HO2 §4478130.871414414530135.08§4 108127841121 . 1{2477§ 1835116021 1424117291279 51089
TCE #4 868 415 823 962 083

3.4 TDCC and TDCR Assays using CD3e-Bnock-in C5781/6 Mouse Splenocytes

[0355]  C37BL/S mice in which mouse CD3g 1s knocked out and replaced with a chimeric
CD3e consisting of the cctodomain of human CD3 and the transmembrane and cytosolic
domains of mouse CH3 (human CD3 knock-in or hCD3-K1} were generated to see if such
animals could be used as relevant models for assessing the preclinical in vivo activity of
bispecific TCEs of the present disclosure. 471 cells stably expressing cell surface human ROR1

(hROR1"4T1) or mouse RORT {mROR1" 4T1) using the PigeyBAC transposon based system.

{0356] TDCC assays using CD3e-knock~n C37BL/6 mouse splenocyies and target cells
{(4T1-hROR1T cells (FIG. A and FIG. 9B); or 4T-mROR 1 celis (FI1G. 9C and FIG. D)), were
performed using methods analogous to TDCC assays asing human CD8" T cells as described in

EXAMPLE 3.1 above.

{0387]  Specifically, mouse splenocytes were isolated from the spleens of human CD3e-
knock-in C57BL/6 mice by pressing the spleens through a 100~-pm cell strainer into a2 36 mE
coutcal tube. The cell strainer was washed twice with 5 ol of PBS and the flow-through was
collected to the 50-mL conical tube. The splenceyies were pelleted, resuspended i S mb of

ALK lysis buffer {ThermoFisher, Cat No: A10492013, and incubated for 5 minuates at room
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temperature. Splenocytes were washed with PBS and resuspended in culture mednum

(RPM11640 with 10% FBS and 1% penicillin/streptomycin) at a density of 3 x 10° cells/mL.

{0358] TDCR assays using mouse CD8' T cells were performed using a mouse IFNy
Alphal ISA Detection Kit (PerkinElmer, Cat No: ALS01C) having a manufacturer’s protocol
analogous to that of the human IFNy AlphallISA Detection Kit as described in EXAMPLE 3.1

above.

{0359]  To identify bispecific TCEs that induce robust TDCC of target tumor cells and low
levels of TDCR from PBMCs, a decoupling ratio was calculated and defined as the guotient of
the AUC of a TBCC assay killing percentage vs concentration plot and the AUC of a TDCR

assay IFNy release vs concentration plot.

{0368]  As shown in FIG. 9A {(and summarized in TABLE 27), the rank order of potency for
induction of cviotoxic target cell killing against RRORTT 471 cells was reference T cell-binder >
reference ROR 1 Frizzled domain-binding TCE in Format 1A > reference ROR 1 Frizzled
domain-binding TCE in Format 1B > bispecific TCE 82HO2 in Format 1A > bispecific TCE
&2HO02 in Format 1B. Ag shown in FIG. 8C (and summarized in TABLE 273, the rank order of
potency for induction of cytotoxic tarzet cell killing against mROR1™ 471 cells was bispecific
TCE 82HO2 10 Format 1A > reference ROR| Frizzled domain-binding TCE in Format 1A >
reference ROR1T Frizzled domain-binding TCE in Format 1B > bispecific TCE 82HO02 in Format
1B, Asexpected, reforence T cell-binder had no cytotoxic activity against mRORLE" 4T1 cells
because 1t docs not bind swrine ROR1. For bispecific TCE 82H02, the difference in potencics
against ABROR 1™ 4TI and mRORIT 4TI was approximately 3-fold and 9-fold for Formats 1A and

1B, respectively.

{0361]  As shown in FIG. 9B (and sunwwanzed in TABLE 28), the rank order of potency for
induction of IFNy release against RROR1" 4T} cells was reference T cell-binder > reference
ROR1I Frizzled domain-bindimg TCE in Format 1A > reference ROR1 Frizzled domain-binding
TCE in Format 1B > bispecitic TCE 82HO2 in Format 1A > bispecific TCE 82HOZ in Format
1B, As shown i FIG. 9B {and summarnized in TABLE 28), the rank order of potency for
nduction of TFNy release against mROR1T 4T1 cells was reference RORI Frizzled domain-
binding TCE in Format 1A > reference ROR1 Frizzled domain-binding TCE in Format 1B >
bispecific TCE 82H02 in Format 1A > bispecific TCE 82HO02 ; Format 1B, As expected,
reference T cell-binder had no measurable TFNy release against mROR1" 4T1 cells because it
does not bind murine ROR1. For bispecific TCE 32H02Z, the difference in potencies for IFNy
release against hRROR1Y 4T1 and mROR1Y 4T1 was approximately 3-fold and greater than 3-fold

for Formats 1A and 1B, respectively.
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{0362] TABLE 27: Target-dependent Cytotoxicity of Human CD3-Knock-in Mouse
Splenocytes Against Human or Mouse RORI" 4T1 Cells

hCD3KE RCDIKE
splenocytes: | splenocytes:
RRORT" 471 | mRORIT4T1
cells cells
Bz (pM) ECsq {pM)
Ref, T cell- 7.6 No activity
binder
SRef, Frz- 44 11.8
binding TCE
1A
Ref, Frz- 255 177
binding TCE
iB
S2HO2 TCE 1A 31.6 112
82HG2 TCE 1B 185 218

{8363] TABLE 28: Target-dependent Cytokine Release of Human CD3-Kanock-in Mouse
5 Splenocytes Against Human or Mouse RORI™ 471 Cells

D3 K1 hUDIKY RCD3I KX hCB3 K1
spienocytes: splenocytes: splenocytes: splenocytes:
ARORIT 4T | hRORIT4TL | mRORU 471 | mRORIY 471
cells cells cells cells
ECse (phi) Wiax ITFNy ECs (pM) Max TFNy
{(pg/mi} (pg/imi)
Ref, T cell-
binder 24 2182 No activity Not Detected
Ref. Frz-
binding TCE
1A 6.7 2100 4 2323
Ref. Frz-
binding TCE
iB 249 2007 10 23127
82HO2 TCE 1A 2352 1880 78.4 2050
8ZHOZ TCE 1B >300 1771 1401 2012

{0364]  In co-cultures of splenocvies hCD3-knock-in mouse splenoeytes and hROR1' 471
cells, decoupling of cytotoxicity from proimflaramatory cytokine release was observed for
bispecitic TCE 82H0Z in Formats 1A and B but not for cither reference T cell binder or

10 reference ROR1 Frizzled domain-binding TCE in Formats 1A or 1B, A decoupling ratio 2 1.5
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was observed with bispecific TCE 82H02 in Formats 1A and 1B, with a delta reaching about 1.7

and 2-fold normalized to reference T coll-binder, respectively (FIG. 9E).

{0365]  Because reference T cell-binder does not bind to mROR1, 1n co-culture experiments
of h{UD3-knock-in mouse splenocyies and mRORI™ 471 cells, the decoupling ratios were
caleulated normalized to reference ROR1 Frizzled domain-binding TCE in Format 1A, As
shown i FEIG, 8F, little to no decoupling of cytotoxicity from promflammatory cytokine release
was observed in co~cultures of splenocyies hCD3-knock-in mouse splenocytes and mRORT!

4T1 cells,

{8366]  Overall, the magnitude of ROR1-dependent tumor cell cvtotoxicity was stmilar when
mouse tumor targets expressing human or mouse ROR1 were co-cultured with splenoceytes from
BCD3-knockin mice. Decoupling of cvtotoxicity from promflammatory cytokine release was
observed for co~cultures with hRRORT" 4T1 cells but appeared to be dimiushed in co-cultures
with mROR1™ 471 cells. These observations support the use of human RORI engingered
svigeneic tumor bearing hCD3-koock-in mice for non-clinical 1n vivo

pharmacokinetics/pharmacodynamics and efficacy studies.
EXAMPLE 4: Serial Killing Assay by Tumer Infiltrating T Celis (TlLs)

{0367]  This example describes the induction of senial killing of target tumor cells by tumor
mfiltrating lymphocytes (TILs) in the presence or absence of biapecific TCEs of the present

disclosure.

{8368]  TiLs were isolated from fresh triple negative breast cancer biopsies and expanded in
cufture. In brief, 1 mov/1 gram of biopsy tissue picces ware meubated with 5 mL of collagenase
1A (Sigma Cat No: C9891, rosuspend in RPMITS40 at 100 Uil and incubated for 30 minutes
at 37°C, then another 30 rinutes at room temporature. Samples were passed through 3 40 pm
cell straner and collecied nto 50 mi tubes. Cells were washed with REMITo44d media and
monomuciear cells isclated using Ficoll-Pague plus media {(Cyvtiva, Cat No: GE17-14406-02)
according to the manufacturer’s nstructions. 1 x 10° isolated mononuciear celis were culured
swith 6000 U/mL of human [L2 in RPMI1640 media supplemented with 10% heat inactivated
human AB Serum, 1% pentcillin/streptomyein, 10mM glutamine, and 10mM HEPES for 24
hours at a cell density of 1 x 10° cells per mL. Following 24 hour incubation, 1.3 x 10° TlLs
were resuspended in 10 mL of RPMI1640 media supplemented with 109 heat inactivated
human AB Serum, 1% penicillin/streptomycin, 10mM ghetamine, 10mM HEPES, 3000 U/mL
human -2 and 0.03 pg/mL CD3 antibody clone OKT3.
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{8369]  Peripheral blood mononuclear cells (PBMCs) collected from six different healthy
donors were gamma irradiated at 5000 rad and 2.7 x 10° irradiated PBMCs were resuspended in
AIM-V medium and added to the 1.3 x 10° TiLs in a T-23 flask. PBMC-TIL co-cultures were
incubated for 86 hours then 10 mL of the coltare media was removed from each flask and
replaced with 5ml AIM-V media and 5 mb of RPMI1640 supplemented with 10% heat-
mactivated human AB Serum, 1% penicillin/streptomyein, 10mM glutanune, 10mM HEPES,
and 6000 U/mL human L2, Cells were maintained at a culture density of less than 1 < 10°
cells/mi by adding AIM-V media supplemented with 3,000 U/mbL IL2. After 14-days
cubation, TIL cells were counted and analyzed by flow cvtometry by staining with CD3, CD4
and CD8 expression (>99% of cells were CD3' T cells, and >80% CD3" T cells were CD8' T
cellsy. TILs were frozen m freezing mediom (ThermoFisher, Cat No: 12648010) until use in

serial killing assays.

{0378]  To perform the senal killing assays, frozen TiLs were thawed, washed, cultured in
RPMI1640 mediam supplemented with 10% fetal bovine serum (FBS), 1%
pentciuvstreptomycein, and 360 U/mL human [L2 for 48 hours at 37°C, 5% CO;, then serially
dileted in the same medium to make TIL cell suspensions having cell densities of 1 x 10°, 5 x
10°, 2.5 2 10°, 125 x 105, 6.25 x 104, 3.125 x 104, 1.562 x 10%, 7.81 10’ cells/mL or media

alone (i.e. O TILs).

{0371]  Target cells (NCI-HI975 cells (FIG. 6A and FIG. 18); and T-47D cells (FIG. 6B))
were cultured in the absence of antibiotics for 24 howurs then resuspended at a cell density of
50,000 cells/ml. in culture media. 100 ul. of target cell suspension was carcfully dispensed uto
to cach well of a black walled, clear flat-bottom plate and incubated for 4 hours. Wells
containing 20000, 10000, 3000, 2500, 1230, 625, 313, 156, 78 and 0 target cells in 100 pL of

culture medium were also sceded inn designated wells for use as standard references.

{03721 100 uL of each test bispecific TCE (100 pM), reference T celi-binder (140 pM),
reference Frizzled-binding TCE dilution (100 pM), or media control was mixed with 100 ul of
each TIL cell suspension dilution, or media control, then added to wells of the black walled,
clear flat-bottom plate containing dilutions of target cells and co-cultures were incubated at

30°C, 5% CO: for 24 hours.

{03731 After 24 hours mcubation, cells were centrifuged for 30 seconds at 1000 RPM and
100wl of supernatant was removed from cach well and transferred to a second plate for storage.
160 ul of One-Glo solation was added to each well containing the co-culture and remaining 1060
uL of co-culture supernatant and mcubated for 2 minutes at room temperature. The

biolusinescence of the samples in the plates was measured using an Envision plate reader (or
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equivalent). A standand curve was plotted using the bisluminescenee intensitics of the target cell
standard references. The number of Hving target celis in each co-culture sample was calculated
using the standard curve and the number of killed target cells further caleulated as the difference
between the 5000 target cells seeded into each well and the calenlated number of Hiving target
cells. The killing frequency was calculated by dividing the number of killed target cell by the
number of TH.s for cach condition and averaged to provide killing frequencies at the E:T ratios

of 18 and 1:16. Average killing frequencies were plotted using GraphPad Prism.

[0374]  As shown in FIG, 6A, when TlLs were co-cultured with NCI-H1975 cells in the
presence of reference T cell-binder, hittle to no senal killing was observed. Bispecific TCE
82HO02 in Format 1A induced between 30 to 40% greater serial killing than bispecific TCE
82H02Z m Format 1A, Reference RORI Frizzied domain-binding TCE in Format 1A induced
approximately 25% and 30% greater senal killing than bispecific TCE 69A02 in Format 1A and
bispecific TCE 82HO2 in Format 1A, respectively. Reference ROR1 Frizzled domain-binding
TCE in Format 1B induced approximately 20% and 30% greater serial killing than bispecific

TCE 69A02 in Format | B and hispecific TCE 82ZHO2 1n Format 1B, respectively.

{0375]  Overall, reference ROR1 Frizzled domain-binding TCE in Format 1A, bispecific TCE
69A02 in Format 1A and bispecific TCE 82HO02Z in Format 1A all induced a serial killing
frequency of at least 3 tumor cells per T cell. The greater senial killing observed with molecules
m Format 1A versus Format 1B was attributed to the higher apparent affinity of for CD3, likely
due to reduced steric hindrance when engincered onto the N-terminus of the bridging moiety in
Format 1A as compared to the C-terminus in Forraat 1B. As shown in FIG. 6B, no serial killing
was observed when TILs were co-cultured with ROR 1 T47D cells, indicating that the observed

serial killing was ROR! dependent.

{83761  As shown in FIG. 18, reforence T ccli~binder induced 1itle to no serial kiling of NCI-
HI975 tumor cells by TiLs. Sequence optimized bispecific TCEs 82HO2 #1, 82HO02 #2, 82HO02

#3, and 82HO2 #4 had simdar levels of serial killing (about 3 to 4 tumor cells/T cell}
EXAMPLE 5; Biosafety Assays

{03777 This example describes experiments performed to measure cytokine and chemokine
release by freshly isolated PBMCs or PBMCs pre-cultured at high density, cultured in the
presence or absence of bispecific TCEs of the present disclosure. Freshly isolated PBMCs from
healthy donors is meant to mimic PBMCs in the circalation where cell to cell contacts would be
sparse. High density precultured PBMCs {e.g., 1 x 107 cells/mL for 48 hours) is designed to

e PBMCs 1 secondary lymphoid structures {e. g, spleen and lvimph nodes) where cell-to-
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cell contacts are high. Such cell-ta~cell contacts are thought to result in weak tonic signaling of
the TCR/CD3 complex on T cells through very low affinity interactions with MHC on all cells,
thus nmuldly priming T cells. This “high density” pre-culture was shown to be necessary to
recapitidate the non-specific T cell mediated promflammatory evtokine release induced by the

D28 superagonist antibody, TGN1412 (Romer ef afl. (2011) Blood. 118(26):6772-82)).

{0378]  Human PBMUs were isolated from whole bleod using Ficoll-Pague Plus medium (GE
Healthcare, Cat No: 17144002) according to the manufacturer’s instructions. PBMCs were then
resuspended 10 culture wedium (RPM11640 supplernented with 10% FBS and 1%
peniciilin/streptomycin) at a cell density of 2 x 10° cells/mL. 50 pL of PBMCs were added to
cach well of a flat-bottom 96-well plate {i.e. 100,000 cells/well). Test bigpecific TCEs (82HO2
TCE 1A or 82H0Z TCE 1B}, reference T cell-binder (Ref. T celi-binder), reference Frizzied-
binding TCEs (Ref. Frz-binding TCE 1A or Ref. Frz-binding TCE 1A}, isotype control antibody
{hig(3) or mouse anti-human CD3 clone OKT3 (OKT3, positive control) were each prepared in
RPMI11640 media sapplemented with 10% FBS and 1% penicillin/streptomycin to a
concentration of 24 pM. 50 pl of prepared test bispecific TCEs, reforence T cell-binder,
reference Frizzled-binding TCEs, hlgG, or OKT3 were added to the wells of the 96-well plate
containing PBMCs to a final volume of 100 L and incubated for 24 hours at 37 °C, 3% C0n.
Following the 24 hour incubation, supernatants were collected for quantification of cytokine and

chemokine release.

{0379]  For high density co-culture experiments, freshly isolated PBMCs were pelicted and
resuspended 10 RPMIEL640 media supplerented with 10% FBS and 1% penicillin/streptomycin
to a cell density of 1.0 x 107 cells/mL and incubated for 48 hours at 37 °C, 5% CO». Following
48 hour mncubation, PBMCs were then resaspended in RPMI1640 media supplemented with 10%
FBS and 1% penicillin/streptomycin to a cell density of 2.0 x 10° cells/mL. 50 pL of PBMCs
were added to cach well of a flat-bottom 96-well plate (7.e. 100,000 cells/weli}). Test bispecific
TCEs (R2HO2 TCE 1A or 82HO2 TCE IB), reference T cell-binder (Ref. T cell-binder},
reference Frizzled-binding TCEs (Ref Frz-binding TCE 1A or Ref. Frz-binding TCE 1A},
isotype control antibody (hlgG) or mouse anti-human CD3 clone OK'T3 (OK'T3, positive
control} were each prepared in RPMI1640 media supplemented with 10% FBS and 1%
peniciilin/streptornyein to a concentration of 24 pM. 50 ul of prepared test bispecific TCEs,
reference T cell-binder, reference Frizzled-binding TCEs, higG, or OKT3 were added to the
wells of the 96-well plate containing high density pre-cultured PBMUCs to a fival volume of 100
uL and mncubated tor 24 hours at 37 °C, 3% COu. Following the 24 hour incubation, supernatants

were collected for quantification of cvickine and chemokine release.
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{0380]  Cytokine and chemokine levels m cultured PBMC samples were measured using a
MILLIPLEX® Human CD8" T Cell Magnetic Bead Pane! Premixed 17 Plex - Immunology
Multiplex Assav kit {Sigma, Cat No: HCDSMAG 15K17PMX) according to the manufacturer’s
mstructions. In brief, 200 gL of assay buffer was added to the 96-well assay plate provided in
the kit. The plate was then sealed and placed on a plate-shaker for 10 nunutes at room
termperature and the bufter was discarded. 25 pl of PBMC culture supematants, standard or
controls were added to designated wells and 25 ul of RPMI1640 cultare medium was added to
each well to bring the volume in each well to 50 ul.. 23 pul of premixed beads were added to
cach well and the plate was sealed and placed on a plate-shaker for overmight incubation at 4 °C.
The plate was washed twice and 25 uL of prepared detection antibody was added to each well.
The plate was sealed and incubated on a plate-shaker for 1 hour at room temperature. 25 pl of
streptavidin-phycoerythrin (PE) was added to each well and the plate was sealed and incubated
on a plate shaker for an additional 30 minutes at room temperature. Afier the incubation, the
plate was washed twice and 150 uL of sheath fluid was added to each well. The plate was
further incubated for 5 minutes on a plate-shaker and the samples were analyzed on a
MAGPIX®R instrument using xPONENT® software. Standard curves were generated using the
readout of individual standards. The levels of cytokines or chemokines were calculated using
the individual standard curve for each cytokine or chemokine. Resalis were plotted in GraphPad
Prism {cvtokine/chemokine release vs concentration of testing articles).

{0381]  As shown in FIGs. 18A 10 18D, and FIGs. 114 to 11D, anti-human D3 clone QRT3
induced, significant cytokine release (IFNy, TNFa, and H.10) in both freshly isolated PBMC
cultures, and high-density pre-cultured PBMCs in a dose dependent manner,

{0382]  Reference T cell-binder and reference Frizzled-binding TCE m Format 1B mduced a
small degree of non-specific IL2 release in freshly 1solated PBMCs and TNFg in high-density
pre~-cultured PBMCs. Bispecific TCE 82HO0Z in Formats [A and 1B did not induce release of

significant levels of cytokines as compared to background or higG1 isotype control.
EXAMPLE 6: Competition Assays

{0383] Thus example describes experniments performed to determine whether ROR I-bindimg
clones of the present disclosure (82HO2 and 69A02), bispecific reference T cell-binders, or

reference Frizzled-binding clones compete for binding to RORI on NCCIT celis.

{0384]  NCCIT cell cultures were tested for viability and resuspended in culture media to a
cell density of 1 x 10° cells/mi. 200 pl of NCCIT cell suspension was added to each well of a U-

bottom 96 well plate (f.e. 200,000 cells per well). Celis were washed twice with PBS and 100 ul
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of live/dead fixable staining solution {Themo Fisher, Cat No: L34961) was added to cach well.
Cells were incubated at room temperature in the dark for 15 minutes, washed twice with PBS,
then resuspended in 100 uk of serally-diluted unlabeled 82H02 scFv-Fe, 69A02 scFv-Fe, Ref. T
cell-binder scFv-Fe, or Ref. Fre-binding scFv-Fe (three-fold dilutions from 1000 aM 10 0.017
nM) in statning buffer {eBiosciences, Cat No: 00-4222-26). Cells were then mncubated in the
dark for 30 nunutes on 1ce, washed with ice cold PBS, then resuspended in 100 ul. of 146 oM
82HO02 scFv-Fc labeled with Alexa Fluor 647-conjugated Zenon fragments (Thermo Fisher, Cat
No: Z25408). Cells were incubated on ice for 30 minutes in the dark, washed three times with
ice cold PBS, then fixed in 50 pl/well of fixing buffer (Biolegend, Cat No: 42080) for 10
nminutes at room temperature. Cells were then resuspended i 200 ul of PBS and cells were
analyzed by flow cytometry performed on a Fortessa X-20 instrument using Flowlo software.
{0385]  As shown in FIG. 19, Alexa Fluor 647-conjugated Zenon fragment-labeled 82HO2
scFv-Fe did not bind ROR-1 on NCCIT cells that were occupied by its competing antibody {(i.e.
unlabetled 82HO2Z scFy-Fe) and gave weak Alexa Fluor 647 signal as measured by flow
cytometry. {o contrast, significant Alexa Fluor 647 signal was measured in NCCIT cell samples
pre-treated with 69A02 scFv-Fo, Ref. T cell-binder scFv-Fe, or Ref. Frz-binding scFv-Fe
suggesting that Alexa Fluor 647-conjugated Zenon fragment-labeled 82HO2 scFv-Fe does not
compete for binding of RORI with these molecules and that these molecules bind to different
cpitopes/regions of RORL

EXAMPLE 7: Binding Affinity Assays

{0386]  This example describes biolayer interferometry expeniments that were used to
determine the binding affimities of bispecific TCEs and sequence optimized vanants of the
present disclosure.

{0387] TABLE 29 shows Ko values of immobilized bispecific TCEs against recombinant

human ROR1 extracellular domain protein as measared by brolayer interferometry.

{0388] TABLE 29: Binding Affinities for ROR1-Binding Bispecific TCEs

Constroct 1D Ko
Human /Cyno
RORI (nM)

Reference Frizzled domain- i1
Binder
S9A02 35
82H02 34
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[0389]

8ZH02 VL1.02 1219
B2HO2 VL1.03 4752
82HOZ VL1.04 56.7
82HO0Z VL1.0S 1536
82HOZ VE1.06 (low) 99.0
82HO0Z VL1.07 (high} 42
82HO2 VL1L.OS 166.4
82HOZ VL1.G9 160.5

PCT/US2022/074686

TABLE 38 shows Ko values of immobilized bispecific TCEs against recombinant

human CD3&/8 heterodimer SEED Fe fusion protein as measured by biolayer interferometry.

[0390]

TABLE 30: Binding Affinities for CD3-Binding Bispecific TCEs

Construct ID Ksp
Human CD3e
{uM}
Parental 1F3.8 273
1F3.5 VLI.00-VH1.01 2.9
1F3.5 VL1.00-VHL.82 55
R3S VEI00-VHLO3 (high) 4.6
1K3.5 VL1.00-VH1.04 6.5
1F3.5 VL LOO-VH1.05 8.2
1F3.5 VL1.01-VH1.00 623
1F3.5 VLL.O1-VHLGE (low) 42.0
R3S VELOI-VHLG2 471
1F3.5 VL1.01-VH1.83 848
IF3.5 VL1.01-VHL.04 742
1F3.5 VLI01-VH1.08 592
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INCORPORATION BY REFERENCE

{03%1]  The entire disclosure of cach of the patent docwments and scientific articles referred to
herem is incorporated by reference for all purposes.

EQUIVALENTS
{03921  The disclosure may be embaodied in other specific forms without departing from the
spirit or ossential characteristics thercof. The foregomng embodiments are therefore to be
considered n all respects illustrative rather than hmiting the disclosure desenbed herein. Various
structural elements of the different embodiments and various disclosed method steps may be
utilized in various combinations and permmutations, and all such vanants are to be considered
forms of the disclosure. Scope of the disclosure 1s thus indicated by the appended claims rather
than by the foregoing description, and all changes that come within the meaning and range of

equivalency of the claims are mitended to be embraced therein.
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WHAT IS CLAIMED IS

L

A protem comprising

a polypeptide or complex of two or more polypeptides that specifically binds ROR1

connected to an end of a bndging moiety; and

a polvpeptide or complex of two or more polypeptides that specifically binds CD3 connected

to an opposite end of the bridging moiety.

The protein of claim {, wherein the polvpeptide or complex of two or more polypeptides that
specifically binds ROR1 is connected to the C-erminal end of the bridging moisty and the
polypeptide or complex of two or more polypeptides that specifically binds CD3 is

connected to the N-termmal end of the bridging moiety.

The protein of claim 2, further comprising a second polypeptide or second complex of two or
more polypeptides that specifically binds ROR1 connected 1o the N-terminal end of the

bridging moiety.

The protein of claim 3, wherein the bridging motety comprises two polvpeptide arms and
wherein the polypeptide or complex of two or more polypeptides that specifically binds
RORI1 and the second polvpeptide or second complex of two or more polypeptides that
specifically binds RORI are connected to the C-terminal end and the N-terminal end of the
same polypeptide arm, respectively, and the polypeptide or complex of two or more
polypeptides that specifically binds CD3 is connected to the N-erminal end of the second

polypeptide amm.

The protein of claim 1, wherein the polypeptide or complex of two or more polypeptides that
specifically binds ROR1 is connected to the N~terminal ¢nd of the bridging motety and the
polypeptide or complex of two or more polvpeptides that specifically binds CD3 1s

connected to the Coterminal end of the bridging moiety.

The protein of clatm 5, further comprising a second polypeptide or second complex of two or
more polypeptides that specifically binds RORI connected to the N-terminal end of the

bridging moiety.

The protein of claim 6, whercin the bridging motety comprises two polyvpeptide arms and
wherein the polypeptide or complex of two or more polypeptides that specifically binds
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10.

11

ROR1 and the polypeptide or complex of two or more polypeptides that specifically binds
D3 are connected to the N-ternunal end and the C-torminal end of the samaple polypeptide
amm, respectively, and the second polypeptide or second complex of two or more
polypeptides that specifically binds ROR1 is connected to the N-terminal end of the second

polypeptide amm.

The protein of any one of claims 1 to 7, wherein the polypeptide or complex of two or more
polvpeptides that specifically binds RORU is selected from the group consisting of: a single-

chain variable fragment (scFv), a Fab, a Fab’, a Fab™}2, a mimbody, and a nancbody {(VHH).

The protewn of claim 8, wherein the polypeptide or complex of two or mose polvpeptides that

specifically binds RORI i3 an scFy.

The protein of any one of claims 3, 4, 6, or 7, wherein the second polypeptide or second
complex of two or more polypeptides that specifically binds RORI is selected from the

group consisting of an scFv, a Fab, a Fab’, a F(ab’);, a mintbody, and a VHH.

The protein of claim 10, wherein the second polypeptide or second complex of two or more

polypeptides that specifically binds RORI is an scFv.

2. 'The protein of any one of claims 1 to 11, wherein the polypeptide or complex of two ar more

polypeptides that specifically binds RORI comprises:

a heavy chain complementarity-determining region | (VHCDRU} comprising an amino acid
sequence of GFTFTSY A (SEQ D NO: 8) or an anuno acid sequence of GFSITTSGVS
(SEQ ID NG 23);

a heavy chain complementarity-determining region 2 (VHCDR2) comprisimg an amino acid
sequence of ISGSGGGT (SEQ ID NG: 9) or an amuno acid sequence of [YWDDDK (SEQ
3 NO: 243;

a heavy chain complementarity-determining region 3 (VHCDR3S) comprising an amino acid
sequence of AQGSSIFDY (SEQ ID NO: 10) or an amino acid sequence of
AHAPRYTPGGYFDY (SEQ ID NO: 25);

a light cham complementarty~-determining region | (VLCDR1Y) comprising an amivo acid
sequence of QSVESY (SEQ ID NG 11) or an anmino acid sequence of QSVSSN (SEQ 1D
NO: 26);
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a light chamn complementadity-determining region 2 (VLCDR?Z) comprising an amino acid

sequence of DAS or GAS,; and

a light chain complementarnity-determining region 3 (VLCDR3) comprising an amino acid
sequence of QORSNWPPXT (SEQ ID NO: 13), wherein X s E. S, CR QL L YorV, or
an aming acid sequence of QUYKNWPPA (SEQ 1B NO: 283,

W

3. The protein of any one of claims 3, 4, 6, 7, or 10 10 12, wherein the second polypeptide or

second complex of two or more polypeptides that specifically binds ROR1 comprises:

a heavy chain complementarity~-determining region T {(VHCDRI} comprising an aming acid
sequence of GFTFTSY A (SEQ 1D NO: 8) or an amino acid sequence of GESITTSGVS
10 (SEQ ID NO: 23);

a heavy chain complementarity-determining region 2 (VHCDRZ) comprising an amino acid
sequence of ISGSGGGT (SEQ 1D NO: 9) or an amino acid sequence of IYWDDDK (SEQ
D NO: 243,

a heavy chain complementartty-determinng region 3 (VHCDRS) comprising an amino acid
IS sequence of AQGSSIFDY (SEQ ID NG: 10} or an amino acid sequence of
AHAPRYTPGGYFDY (SEQ ID NO: 25);

a light chain complementarity-determining region | {VLCDRI) comprising ap amino acid
sequence of QSVESY (SEQ 1D NO: 11) or an amuino acid sequence of QSVSSN (SEQ 1D
NG: 26);

20 a light chain complementanity-determining region 2 {(VLCDR2) comprising an amino acid

sequence of DAS or GAS; and

a light cham complementarty-determining region 3 (VLCDR3) comprising an amivo acid
sequence of QQRSNWPPXT (SEQ IDNO: i3}, wheren XisF, S, C. R QL L, YorV, or
an amino acid sequence of QQYKNWPPA (SEQ ID NO: 28).

2
W

14. The protein of any one of claims 1 to 13, wherein the polypeptide or complex of two or more
polypeptides that specifically binds RORI comprises: a VHCDRI comprising an amino acid
sequence of GFTFTSYA (SEQ 1D NO: 8), a VHCDR2 comprising an amine acid sequence
of ISGSGOGT (SEQ 1B NO: 9}, a VHCDRS comprising an amino acid sequence of
AQGSSIFDY (SEQ 1D NO: 10}, a VLCDRI1 comprising an amino acid sequence of
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QSVSSY (SEG ID NO: 11), a VLCDRZ comprising an amino acid sequence of DAS and a
VLCDR3 comprising an amino acid sequence of QURSNWEPPFT (SEQ ID NG: 14).

13, The protein of any one of claims 3, 4, 6, 7, or 10 to 14, wherein the second polypeptide or
second coraplex of two or more polypeptides that specifically binds RORI comprises: a
VHCDRI comprising an amino acid sequence of GFTFTSYA (SEQ ID NO: 83, a VHCDR2
comprising an aming acid sequence of ISGSGGET (SEQ 1D NO: 9}, a VHCDR3 comprising
an amino acid sequence of AQGSSIFDY (SEQ 1D NO: 10), a VLCDRI comprising an
amno acid sequence of QSVESY (SEQ 1D NO: 11}, a VECDR2 comprising an amino acid
sequence of DAS, and a VECDR3 compnsing an amino acid sequence of QUQRSNWPPFT

10 (SEQ ID NO: 14).

W

16. The protein of any one of claims 1 to 13, wherein the polypeptide or complex of two or more
polvpeptides that specifically binds RORI comprises: a VHCUDRI comprising an amino acid
sequence of GFTFTSY A (SEQ ID NO: 8), a VHCDRZ comprising an ammo acid sequence
of ISGSGOGT (SEQ ID NO: 9}, a VHCDR3 comprising an amino acid sequence of

15 AGGSSIFDY (SEQ ID NO: 10}, a VLUDRI comprising an amino acid sequence of
QSVSSY (SEQ 1D NO: 11}, a VLCDR2 comprsing an amino acid sequence of DAS, and a
VLCDR3S compnising an anino acid sequence of QQRSNWPPST (SEQ ID NO: {3},

17. The protein of any one of claims 3, 4, 6, 7, 1010 13, or 16, wherein the second polypeptide

or second complex of two or more polypeptides that specifically binds ROR1 comprises: a
20 VHCDRI comprising an amino acid sequence of GFTFTSYA (SEQ ID NG 8), a VHUDR2

comprising an amuno acid sequence of ISGSGGGT (SEQ 1D NO: 93, a VHCDR3 comprising

an amino acid sequence of AQGSSIFDY (SEQ ID NG: 10), a VLCDRI comprising an

amingo acid sequence of QSVSESY SEQ IB NG: 11}, a VLCDR2 comprising an amino acid

sequence of DAS, and a VLCDR3 comprising an amino acid sequence of QQRSNWPPST
25 (SEQ ID NO: 15),

8. The protein of any one of clams | to 13, wherein the polypeptide or complex of two or more
polvpeptides that specifically binds ROR I comprises: a VHCDRI comprising an amino acid
sequence of GFSITTSGVS (SEQ 1D NO: 233, a VHCDRZ comprising an amino acid
sequence of IYWDDDK (SEQ 1D NO: 24}, a VHCDR3 comprising an amino acid sequence

30 of AHAPRYTPGGYFDY (SEQ ID NO: 25), a VLCDRI comprisimg an amino acid
sequence of QSVSEN (SEQ ID NO: 26), a VLCDRZ comprising an amino acid sequence of
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GAS, and 3 VLCDR3 comprising an amino acid sequenee of QUYKNWPPA (SEQ 1D NO:
28).

The protein of any one of claims 3, 4, 6, 7, 1010 13, or 18, wherein the second polvpeptide
or sccond complex of two or more polypeptides that specifically binds RORI comprises: a
VHCDRI comprising an amino acid sequence of GFSITTSGVS (SEQ 1D NO: 23}, a
VHCDRZ comprising an amino acid sequence of FYWDDDK (SEQ 1D NO: 24}, a VHCDR3
comprising an anuino acid sequence of AHAPRYTPGGYFDY (SEQ ID NO: 25),a
VLCDRI comprising an amino acid sequence of QSVSSN (SEGQ ID NG: 26), a VLCDR2
comprising an amino acid sequence of GAS, and a VLCDR3 comprising an amino acid

sequence of QUYKNWPPA (SEQ 1D NO: 28},

The protein of any one of claims 1 to 11, wherein the polypeptide or complex of two or more
polvpeptides that specifically binds RORI comprises, according to the IMGT unique
mumbering scheme, a VHCDRI, a VHCDR2, a VHCDRS, a VECDRIE a VLCDR2 and a
VLCDRS each comprising an amino acid sequence corresponding to the VHCDRI,
VHCDR2, VHCDR3, VLCDRI, VLCDRZ, and VLCDR3 sequences of a heavy chain

vartable domain and a light chain variable domam listed in TABLE 1, respectively.

The protein of any one of claims 3, 4. 6, 7, 16, 11, or 20, wherein the second polypeptide or
second complex of two or more polypeptides that specifically binds ROR1 comprises,
according to the IMGT unique nambening scheme, a VHCDRI, a VHCDR2, 2 VHCDRS, 3
VLCDRY, a VLCDRZ, and a VLCDR3 cach comprising an amino acid sequence
corresponding to the VHCDRI, VHCDR2, VHCDR3, VLCDRI, VLCDR2, and VLCDR3
sequences of a heavy chain variable domam and a hight chain vanable domain listed in

TABLE 1, respectively.

. The protein of any one of claims 1 1o 13, whercin the polypeptide or complex of two or more

polypeptides that specifically binds RORI comprises a sequence having at least 90%
sequence wdentity to SEQ 1D NO: 29 or SEQ 1D NG: 39 and a sequence having at least 90%
sequence identity to SEQ 1D NO: 30, SEQ ID NG: 31, SEQ 1D NO: 32, SEQ ID NG: 33,
SEQ 1D NO: 34, SEQ ID NQ: 35, SEG 1D NO: 36, SEQ ID NG: 37, SEQ ID NO: 38, or
SEQ 1D NG: 40.

. The protein of any one of claims 3. 4, 6, 7. 10 to 13, or 22, whersin the second polypeptide

or second conmplex of two or more polypeptides that specifically binds RORI comprises a
sequence having at least 90% sequence wdentity to SEQG ID NGO: 20 or SEQID NO: 3% and a
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sequence having at least 90% sequence identity to SEQ 1D NO: 30, SEQ ID NO: 31, SEQ ID
NO: 32, SEQ ID NO: 33, SEQ D NO: 34, SEQ ID NO: 35, SEQ ID NG 36, SEQ ID NO:
37 SEQ TD NO: 38 or SEQ ID NG: 40,

. The proten of any one of claims 1 to 15, 22, or 23, wherein the polypeptide or complex of

two or more polypeptides that specifically binds ROR1T comprises a sequence having at least
90% sequence identity to SEQ 1D NO: 29 and a sequence having at least 90% soquence
identity to SEQ 1D NO: 30,

. The protein of any one of claims 3, 4, 6, 7, 10 to 15, or 22 10 24, wherein the second

polvpeptide or second complex of two or more polypeptides that specitically binds ROR1
comprises a sequence having at least 90% sequence identity to SEQID NO: 28 and a

sequence having at least 90% sequence identity to SEQ 1D NO: 30.

. The protein of any one of claims 1 to 13, 16, 17, 22, or 23, wherein the polypeptide or

complex of two or more polypeptides that specifically binds ROR1 comprises a sequence
having at least 90% sequence identtty to SEQ ID NO: 29 and a sequence having at least 90%

sequence wdentity to SEQ ID NO: 31

7. The protein of any one of claims 3, 4, 6, 7, 1010 13, 16, 17, 22, 23, or 26, wherein the second

polypeptide or second complex of two or more polypeptides that specifically binds ROR1
comprises a sequence having at least 90% sequence dendity to SEQ 1D NG: 2%and a

sequence having at least 90% sequence dentity to SEQ ID NG: 31

The protein of any one of claims 1 1o 13, I8, 19, 22, or 23, wherein the polvpeptide or
complex of two or more polypeptides that specifically binds RORI comprises a sequence
having at least 90% sequence dentity to SEQ 1D NO: 39 and a sequence having at least 90%

sequence wdentity to SEQ 1D NO: 40

. The protein of any one of claims 3, 4, 6, 7, 10 10 13, 18, 19, 22, 23, or 28, wherein the second

polypeptide or second complex of two or more polypeptides that specifically binds ROR1
comprises a sequence having at least 90% sequence wentity to SEQ ID NO: 3% and a

sequence having at least 90% sequence identity to SEQ 1D NG: 40,

. The protein of any one of claims 1 to 11, 20, or 21, wherein the polypeptide or complex of

two or more polypeptides that specifically binds ROR1T comprises a heavy chain variable
domain and a light chain varable domain each comprising an amino acid sequence

corresponding to the heavy chain variable domam and light chain vanable domain sequences
153
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of a heavy chain vanable domain and light chain varable domain listed in TABLE 2,

respectively.

The protein of any one of claims 3, 4, 6, 7, 10, 11, 20, 21, or 30, wherein the second
polvpeptide or second complex of two or more polypeptides that specitically binds ROR1
comprises, a heavy chain variable domain and a light chain variable domain each comprising
an aming acid sequence corresponding to the heavy chain variable domain and light chain
variable domain sequences of a heavy chain varable domain and light chain variable domain

Iisted m TABLE 2, respectively.

. The protemn of any one of claims | to 31, wherein the polvpeptide or complex of two or more

polyvpeptides that specifically binds RORI comprises a linker polvpeptide comprising a

(GGGGER (SEQ 1D NO: 1) sequence, whereinn is 1 to 12.

The protein of any one of claims 3, 4, 6, 7, or 10 t0 32, wherein the second polypeptide or
second complex of two or more polypeptides that specifically binds ROR! comprises a

linker polvpeptide comprising a {GGGGS)H (SEQ 1D NO: 1) sequence, whereinnis 1 1o 12,

. The protein of any one of claims 1 to 13, 22, 23, 32, or 33, whercin the polypeptide or

complex of two or more polypeptides that specifically binds RORI comprises a sequence
having at least 90% sequence wdentity to SEQ 1D NO: 41, SEQ ID NG: 42, SEGQ 1D NG: 43,
SEQ ID NQ: 44, SEQ ID NG: 43, SEQ ID NQ: 46, SEQ ID NO: 47, SEQ ID NO: 49, or
SEQ ID NO: 39

. The protein of any one of claims 3, 4, 6, 7, 1010 13, 22, 23, or 32 to 34, wherein the second

polvpeptide or second complex of two or more polypeptides that specifically binds RORI
comprises a sequence having at least 90% sequence identity to SEQ 1D NG: 41, SEQ ID NO:
42, SEGQ 1D NG: 43, SEQ ID NO: 44, SEG 1D NG: 45, SEQ 1D NO: 46, SEGQID NG 47,
SEQ 1D NO: 49 or SEQ [D3 NO: 59,

. The protein of any one of claims 1 to 15, 22 t0 25, or 32 10 35, wherein the palypeptide or

complex of two or more polypeptides that specifically binds RORI comprises a sequence

having at least 90% sequence wentity to SEQ I NO: 41,

The protein of any one of claims 3, 4, 6, 7, 10to 15, 22 10 25, or 32 1o 36, wherein the
second polypeptide or second complex of two or more polypeptides that specifically binds

ROR1 comprises a sequence having at least 90% sequence identity to SEQ D NO: 41
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. The protein of any one of claims 1 to 13, 16, 17, 22, 23, 26, 27, or 32 to 35, wherein the

polypeptide or complex of two or more polypeptides that specifically binds ROR1 comprises

a sequence having at least 90% sequence identity to SEQ 1D NO: 42,

. The protein of any one of claims 3,4, 6, 7, 10 to 13, 16, 17, 22, 23, 26, 27, 32 t0 35, or 38,

wherein the second polypeptide or second complex of two or more polypeptides that
specifically binds RORI comprises a sequence having at least 90% sequence identity to SEQ
3 NO: 42

The protein of any one of claims | to 13, 18, 19, 22, 23, 28, 29, or 32 10 35, wherein the
polvpeptide or complex of two or more polypeptides that specifically binds ROR1 comprises

a sequence having at least 90% sequence identity to SEQ 1D NO: 59

The protein of any one of claims 3,4, 6, 7, 1010 13, 18, 19, 22, 23, 28, 29, 32 10 35, or 44,
wherein the second polypeptide or second complex of two or more polypeptides that
specifically binds ROR1 comprises a sequence having at least 90% sequence identity to SEQ
I NO: 59

The protein of any one of claims 1 to 11, 20, 21, 30, or 31, wherein the polypeptide or
complex of two or more polypeptides that specifically binds RORI comprises, an scFv

comprising an amine acid seqaence corresponding to an scFv listed in TABLE 3.

3. The protein of any one of claims 3, 4, 6, 7, 10, 11, 20, 21, 30, 31, or 42, wheren the second

polypeptide or second complex of two or more polypeptides that specifically binds ROR1
comprises, an scFv comprising an anuno acid sequence cotresponding 1o an scFv listed o

TABLE 3.

. The protein of any one of claims 1 to 43, wherein the polypeptide or complex of two or more

polypeptides that specifically binds CD3 is selected from the group consisting of a Fab, a

Fab™, a F{ab™}z, an scFv, a munibody, and a VHH.

. The protein of clamm 44, wherem the polypeptide or complex of two or more polvpeptides

that specifically binds CD3 is a Fab.

The protein of any one of claims 1 to 43, wherein the polypeptide or complex of two or more

polypeptides that specifically binds CD3 comprises:
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43,

a heavy chain complementarity-determining region | (VHUDRI1) comprising an aming acid

sequence of GFTFNTYA (SEQ 1D NO: 61);

a heavy chain complementarity-detenmining region 2 (VHCDRZ2) comprismg an amino acid

sequence of IRSKYNNYAT (SEQ 1D NG: 62);

a heavy chain complementarity-determinung region 3 (VHCDR3) comprising an anuno acid
sequence of VRHONFGX XY VSWEAY (SEQ ID NG 67), wherein Xa s N, A, or E, and
XoisSorA;

a light chan complementarity-determining region 1 {VLCDRI) comprising an amino acid

sequence of TGAVTTSN (SEG 1D NG 64),

a light chain complementarity-determining region 2 {VLCDR2) comprising an amino acid

sequence of GT, and

a light cham complementarity-determinimg region 3 {VLCDR3) comprising an amino acid

sequence of ALWYSNLWY (SEQ 1D NO: 66).

7. The protein of any one of claims | to 46, wherein the polypeptide or complex of two or more

polypeptides that specifically binds CD3 comprises: a VHCDRI comprising an amino acid
sequence of GFTFNTY A (SEQ ID NO: 61); a VHCDR2 comprising an amino acid sequence
of IRSKYNNYAT (SEQ ID NG: 62); a VHCDR3 comprising an amino acid sequence of
VRHGNFONSYVSWFAY (SEQ 1D NO: 63);, a VLCDRI comprising an amino acid
sequence of TGAVTTSN (SEQ ID NG: 64); a VLCDR? comprising an amino acid sequence
of GT; and a VLCDR3 comprising an amino acid sequence of ALWYSNLWY (SEQ ID NG
66}.

The protein of any one of claims 1 to 46, wherein the polypeptide or complex of two or more
polypeptides that specifically binds CD3 comprises: a VHUDRI comprising an amino actd
sequence of GFTFNTYA (SEQ 1D NO: 61); a VHCDR?2 comprising an amino acid sequence
of IRSKYNNYAT (SEQ 1D NO: 62}, a VHCDR3 comprising an amino acid sequence of
VRHGNFGASYVSWEAY (SEQ 1D NO: 68); a VLCDRI comprising an anuno acid
sequence of TGAVTTSN (SEQ ID NG: 64); a VLCDR2 comprising an amino acid sequence
of GT; and a VECDR3 comprising an amino acid sequence of ALWYSNLWY (SEQ 1D NO:
66}.
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The protein of any one of claims 1 to 43, wherein the polypeptide or complex of two or more
polvpeptides that specifically binds CD3 comprises, according to the IMGT unigue
mumbering scheme, a VHCDRI, a VHCDR2, a VHCDRS, a VECDRI, a VLCDR2 and a
VLCDRS each comprising an amino acid sequence corresponding to the VHCDRI,
VHCDR2, VHCDR3, VLCDRI, VLCDRZ, and VLCDR3 sequences of a heavy chain

vartable domain and a light chain variable domam listed in TABLE 4, respectively.

. The protein of any one of claims 1 to 48, wherein the polypeptide or complex of two or more

polvpeptides that specifically binds D3 comprises a sequence having at least 90% sequence
identity to SEQ ID NGO 71, SEQ ID NO: 72, SEQ ID NG: 73, SEQ ID NO: 74, SEQ ID NO:
75, or SEG 1D NG: 80 and a sequence having at least 90% sequence identity to SEQ 1D NO:
76, SEQID NG 77, SEQ ID NO: 78, SEQ ID NG: 79, or SEQ 1D NO: 81,

. The protein of any one of claims 1 to 48, or 50, wherein the polvpeptide or complex of two

or more polypeptides that specifically binds CD3 comprises a sequence having at least 90%
sequence identity to SEQ ID NG: 72 and a sequence having at least 0% sequence identity to
SEQ ID NO: 81

. The protein of any one of claims 1 to 48, or 30, wherein the polvpeptide or complex of two

or more polypeptides that specifically binds CD3 comprises a sequence having at feast 0%
sequence identity to SEQ ID NG: 71 and a sequence having at least 90% sequence identity to

SEQ ID NO: 76.

3. The protein of any one of claims | to 453, or 49, wherein the polvpeptide or complex of two

or more polypeptides that specifically binds CD3 comprises, according to the IMGT unigue
numbering scheme, a heavy chain vanable 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

vartable domain listed in TABLE 5, respectively.

. The protein of any one of claims 1 to 48, or 30, wherein the polvpeptide or complex of two

or more polypeptides that specifically binds CD3 comprises a sequence having at feast 0%
sequence identity to SEQ 1D NO: 82 or SEQ 1D NO: 83, and a sequence having at least 90%
sequence identity to SEQ ID NG: 84 or SEQ ID NG: 835,

. The protemn of any one of claims 1 to 48, 30, or 54, wheremn the polypeptide or complex of

two or more polypeptides that specifically binds CD3 comprises a sequence having at least
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90% sequence identity to SEQ 1D NO: 82 and a sequence having at least 90% soquence
identity to SEQ 1D NO: 84,

The protein of any one of clamms | to 48, 50, or 54, wherein the polvpeptide or complex of
two or mare polyvpeptides that spectfically binds CD3 comprises a sequence having at least
90% sequence identity to SEQ ID NO: &3 and a sequence having at least 80% sequence

identity to SEQ 1D NO: 85,

. The protein of any one of claims T to 45, 49, or 33, wherein the polypeptide or complex of

two or more polypeptides that specifically binds CD3 comprises, according to the IMGT
unique numbering scheme, a heavy chain and a hight chain cach comprising an amino acid
sequence corresponding to the beavy chaim and light chain sequences of a heavy chain and

light chain listed in TABLE 6, respectively.

. The protein of any one of claims | to 57, wherein the bridging moiety is functional or non-

functional.

. The protein of any one of claims 1 to 5%, whereimn the bridging moiety comprises a strand-

exchange engineerod domain (SEED} format Fe domain or functional fragment thereof, an
mmunoglobulin Fo domain or functional fragment thereof, a polvpeptide linker, ora

polypeptide hinge.
The protewn of claim 59, wherein the bridging moiety comprises a SEED format Fe domain.

The protein of claim 59 or 60, wherein the SEED format Fo domain comprises one or more

than one effector fimction silencing mutation.

2. The protein of any one of claims 39 to 61, wherein the SEED format Fo domain comprises a

polypeptide comprising a sequence having at least 90% sequence identity to SEQ ID NG: 86,
SEQ 1D NG: 117, or SEQ ID NG: 88, and a polypeptide comprising a sequence having at
least 90% sequence idendtty to SEQ ID NO: 87, SEQ ID NG: 118, or SEQ 1D NO: 89,

3. The protein of any one of claims 59 to 62, wherein the SEED format Fe domamn comprises a

polvpeptide comprising or consisting of SEQ ID NO: 86 and a polypeptide comprising or
consisting of SEQ D NO: 87.

The protein of claim 39, wherein the bridging moiety comprises an immunoglobulin Fe

domain.
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. The protein of claim 59 or 64, wherein the immunoglobulin Fo domain comprises two

polvpeptide arms cach comprising one or more than one mutation promoting

heterodimertzation.

The proten of claim 59, 64, or 65, wherein the immunoglobulin Fe domain comprises a first
polypeptide arm and a second polypeptide arm each comprising an amino acid sequence
corresponding to the first polvpeptide arm and second polypeptide arm sequences of a first

polvpeptide arm and second polypeptide arm listed in TABLE 8, respectively.

The protein of any one of claims 60 to 66, wherein the bridging moiety further comprises a

hinge at its N-terminal end.

The protein of clamm 67, wherem the lunge comprises a polypeptide arm comprising an

amino acid sequence comprising of SEQ 1D NO: 92,

The protein of clamm 68, wherein the hinge further comprises a second polypeptide arm

comprising an ammno acid sequence comprising of SEQ ID NG: 90 or SEQ ID NG: 92,

The protein of claim 67, wherein the hinge comprises a polypeptide arm comprising an

amino acid sequence listed in Table 9.

. The protein of claim 68, wherein the hinge further comprises a second polypeptide arm

comprising an amino acid sequence listed in Table 9.

. The protein of any one of claims 1 to 4, or 8 to 71, wherein the polypeptide or complex of

twa or more polypeptides that specifically binds ROR1 is connected to the C-terminal end of

the bridging moiety by a linker polypeptide.

. The protein of any one of claims 1, or 3 to 71, wherem the polypeptide or complex of two or

more polypeptides that specitically binds CD3 is connected to the C-ermyinal end of the

bridging moiety by a linker polypeptide.

. The protemn of claim 72 or 73, wherein the linker polypeptide comprises a (GGGGS ) (SEQ

B NO: 1} sequence, whereinnis 1 to 12.

. A protein comprising:

{1} a polvpeptide or complex of two or more polypeptides that specifically binds ROR{

comprising a heavy chain complementarity-determining region 1 (VHCDRI) comprising an
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amino acid sequence of GETFTSY A (SEQ ID NO: 8) or an amino acid sequence of
GFSITTSGVS (SEQ 1D NO: 23), a heavy chain complementanty-deterouning region 2
(VHCDR2) compnising an amino acid sequence of ISGSGGGT (SEQ ID NO: 9} or an amino
acid sequence of IYWDDDK (SEQ 1D NO: 24), a heavy chain complementanty-determining
region 3 {VHCDR3) comprising an amine acid scquence of AQGSSIFDY (SEQ ID NO: 10)
or an amino acid seqguence of AHAPRYTPGGYFDY (SEQ 1D NG: 25), a light cham
complementarity-determining region 1 (VLCDRI) comprising an amino acid sequence of
QSVSSY (SEQ ID NO: 11) or an amino acid sequence of QSVESN (SEQ 1D NO: 26}, a
light chain conaplementarity-determining region 2 {VLCDRZ2) comprising an amino acid
sequence of DAS or GAS, and a light chain complementarity-deternmining region 3
{(VLUDR3} comprising an amino acid sequence of QORSNWPPXT (SEQ ID NO: 13),
wherein X is F, 8§, C, R, Q. L L, Y or V, or an amino acid sequence of GIYKNWPPA (SEQ
1D NO: 28);

(1) a polyvpeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VHCDRI comprising an amino acid sequence of GFTFNTYA (SEQ ID NO:
61}, a VHCDR2 comprising an anuino acid sequence of IRSKYNNYAT (SEQ 1D NO: 62}, a
VHCDRS comprising an amino acid sequence of VRHGNFGX XoYVSWFEAY (SEQ ID
NO: 673, wherein X1is N, A, or E, and Xz 18 S or A, a VLCDR I comprising an anuno acid
sequence of TGAVTTSN (SEQ ID NO: 64), a VECDR2 comprising an amino acid sequence
of GT, and a VLCDR3 comprising an anuno acid sequence of ALWYSNLWY (SEG 1D NG:

66); and

(11t} a bridging moiety connecting the polypeptide or complex of two or more polypeptides
that specifically binds ROR1 to the polypeptide or complex of two or more polypeptides that
specifically binds CD3, wheren the bridging moiety comprises: {a) a polypeptide amm
comprising amino acid sequences of SEQ ID NG: 90 and SEQ ID NO: 86 or SEQ ID NQO: 92
and SEQ 1D NO: 86, and (b} a second polypeptide arm comprising amine acid sequences of
SEQ ID NG: 90 and SEQ ID NG 87, or SEQ 1D NG: 92 and SEQ 1D NO: 87

76. The protein of claim 75, wherein the polypeptide or complex of two or mare polvpeptides

that specifically binds ROR1 1s connected to the C-terminal end of the bridgmg moiety and
the polypeptide or complex of two or more polypeptides that specifically binds D3 is

connected to the N-terminal end of the bridging motety.
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The protein of claim 76, further comprising a second polypeptide or second complex of two
or more polypeptides that specifically binds ROR1 connected to the N-ternunal end of the

bridging moiety.

. The protein of claim 77, whercin the second polypeptide or second complex of two or more

polyvpeptides that specifically binds ROR!I comprises a VHCDRI comprising an amino acid
sequence of GFTFISYA (SEQ 1D NG: 8} or an anuno acid sequence of GFSITTSGVS
(SEQ ID NG: 23}, a VHCDRZ comprising an arino acid sequence of ISGSGGGT (SEQ ID
NG: 9} or an amino acid sequence of IYWDDDK (SEQ ID NG: 24}, a VHCDR3 comprising
an amino acid sequence of AQGSSIFDY (SEQ 1D NG: 10} or an amino acid sequence of
AHAPRYTPGGYFDY (SEQ ID NO: 25), a VLUDRI comprising an aming acid sequence
of QSVASY (SEQ ID NG: 11) or an anuno acid sequence of QSVESN (SEQ TD NGO 26), a
VLCDRZ comprising an anino acid sequence of DAS or GAS, and a3 VLCDRS compnising
an aming acid sequence of QURSNWPPXT(SEG ID NO: 13), wherein X is ¥, 5. C, R Q, L
L, Y or ¥V, or an anuno acid sequence of QQYEKNWPPA (SEQ 1D NG: 28).

The protein of any one of claims 76 to 78, wherein the polvpeptide or complex of two or
more polypeptides that specifically binds ROR1 15 connected to the C-terminal end of the

bridging moiwety by a linker polypeptide.

The protein of claim 79, wherein the linker polypeptide comprises a (GGGGS) (SEQ TD

NO: 1} sequence, wherem n is 1 to 12

The proten of claim 75, wherein the polypeptide or complex of two or more polypeptides
that specifically binds ROR1 is connected to the N-erounal end of the bridging motety and
the polypeptide or complex of two or more polypeptides that specifically binds D3 1s

connected to the C-terminal end of the bridging moiety.

The protein of claim 81, further comprising a second polypeptide or second complex of two
or more polypeptides that specifically binds RORI connected to the N-terminal end of the

bridging moiety.

The protein of claim 82, wherein the second polvpeptide or second complex of two or more
polypeptides that specifically binds RORI comprises a VHCDRI comprising an amino acid
sequence of GFTFTSY A (SEQ 1D NO: 8) or an amino acid sequence of GFSITTSGVS
(SEQ ID NOG: 23}, a VHCDR2Z comprising an anuno acid sequence of ISGSGGGT (SEQ ID
NG: 8} or an amino acid sequence of [IYWDDDK (SEQ 1D NO: 243, a VHCDRR comprising
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an amino acid sequence of AQGSSIFDY (SEQ D NO: 10) or an amino acid sequence of
AHAPRYTPGGYFDY (SEQ ID NG: 25), a VLCDRI comprising an amino acid seguence
of QSVSSY (SEQ 1D NO: 11) or an amino acid sequence of QSVSSN (SEQ ID NG: 26), a
VLCDR2 comprising an amino acid sequence of DAS or GAS, and a VLCDR3 comprising
an amino acid sequence of QQRSENWPPXT (SEQ ID NO. 13), wherein X is F 8, C, R, @,
L, Y or V, or an amino acid sequence of QUYKNWPPA (SEQ 1 NO: 28},

The protein of any one of claims &1 to 83, wherein the polypeptide or complex of two or
more polypeptides that specifically binds CD3 s connected to the C-torminal end of the

bridging motety by a linker polypeptide.

. The protein of claim 84, wherein the linker polyvpeptide comprises a {(GGGGSHh (SEQ ID

NO: 1) sequence, wherein nis 1o 12,
The protein of any one of claims 75 to 80 comprising:

{13 a polvpeptide or complex of two or more polypeptides that specifically binds ROR!
comprising a VHCDRI comprising an amino acid sequence of GFTFTSYA (SEQ ID NO:
&), a VHCDRZ comprising an aming acid sequence of ISGSGGGT (SEQ ID NG: 9), a
VHCDR3 comprising an amino acid sequence of AQGSSIFDY (SEQID NG: 10),a
VLCDR1 comprising an amino acid sequence of GQSVSSY (SEQG ID NG 11, a VLCDR2
comprising an amino acid sequence of BAS, and a VLCDR3 comprising an amino acid

sequence of QURSNWPPST (SEQ ID NG: 135);

(1) a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VHCDRI comprising an amino acid sequence of GFTFNTYA (SEQ ID NO:
61}, a VHCDR2 comprising an anuino acid sequence of IRSKYNNYAT (SEQ 1D NO: 62}, a
VHCDRZ comprising an amino acid sequence of VRHGNFGASYVSWFAY (SEQ ID NO:
68}, a VLCDRI comprising an amino acid sequence of TGAVTTSN (SEQ ID NGO 64), a
VLCDRZ comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino

acid sequence of ALWYSNLWYVY (SEQ ID NGO 66);

(111} a bnidging moiety connecting the N-terminal end of the polypeptide or complex of two
or more polvpeptides that specifically binds ROR1 to the C-terminal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging

motety comprises: {a) a polypeptide arm comprising amino acid sequences of SEQ ID NG:
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90 and SEQ 1D NO: 6, and (b} a second polypeptide arm comprising amino acid sequences
of SEQ ID NG: 92 and SEQ ID NO: 87; and

(iv) a second polypeptide or second complex of two or more polypeptides that specifically
binds ROR1 connected to the N-tcommal end of the bridging moicty comprising a VHCDRI
comprising an amingo acid segquence of GFTFTSYA (SEQ ID NG 8}, a VHCDR2
comprising an aming acid sequence of ISGSGGET (SEQ 1D NO: 9}, a VHCDR3 comprising
an amino acid sequence of AQGSSIFDY (SEQ 1D NO: 10), a VLCDRI comprising an
amno acid sequence of QSVESY (SEQ D NO: 11}, a VELCDR?2 comprising an amino acid
sequence of DAS, and a VECDR3 compnsing an amino acid sequence of QQRSNWPPST
(SEQ ID NO: 15).

. The protein of any one of claims 75 to 80 comprising:

(1} a polypeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VHCDRI comprising an aming acid sequence of GFTFTSYA (SEQ 1D NO:
8}, a VHCDRZ comprising an amino acid sequence of ISGSGGGT (SEQ ID NG: 9),a
VHCDR3 comprising an anmino acid sequence of AQGSSIFDY (SEQ ID NO: 10),a
VLCDRI comprising an amino acid sequence of QSVSEY (SEG I NG: 11), a VLCDR2
comprising an amino acid sequence of BAS, and a VLCDR3 comprising an amino acid

sequence of QORSNWPPST (SEQ ID NO: 13);

(11} a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VHCDRI comprising an amino acid sequence of GFTFNTY A (SEQ ID NO:
61}, a VHCDRZ comprising an aming acid sequence of IRSKYNNYAT (SEQID NG 62}, a
VHCDR3 comprising an amino acid sequence of VRHGNFGNSYVSWFEAY (SEGQ 1D NOG:
63), a YVLCDRI comprising an amino acid sequence of TGAVTTSN (SEQ ID NG 64}, a
VLCDR2 comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino
acid sequence of ALWYSNLWY {(SEQ 1D NO: 66);

(111} a bridging motety connecting the N-terminal end of the polypeptide or complex of two
or more polypeptides that specifically binds ROR1I to the C-terminal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridgiong
moicty comprises: {a} a polvpeptide arm comprising anino acid sequences of SEQ D NO:
90 and SEQ 1D NO: 86, and (b} a second polypeptide arm comprising aming acid sequences

of SEQ D NO: 92 and SEQ 1D NO: 87; and
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8.

(iv} a second polypeptide or sccond complex of two or more polypeptides that specifically
binds RORI connected to the N-terminal end of the budging motety comprising a VHCDRI1
comprising an anino acid sequence of GFTFTSYA (SEQ 1D NO: 8}, a VHCDR2
comprising an amino acid sequence of ISGSGOGGT (SEQ 1B NO: 9}, a VHUDRS comprising
an amino acid sequence of AQGSSIFDY (SEQ 1D NO: 10}, a VLCDRI comprising an
amino acid sequence of QSVSSY (SEQ ID NO: 11}, a VLLCDR2 comprising an anuno acid
sequence of DAS, and a VLCDR3 comprising an amino acid sequence of QQRSNWPPST
(SEQ ID NO: 15),

The protein of any one of claims 75 to 80 comprising:

{1} a polvpeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VHCDRI comprising an amine acid sequence of GFTFTSYA (SEQ 1D NO:
%), a VHCDR2 comprising an amino acid sequence of ISGSGGGT (SEQ ID NG 9), 5
VHCDR3 comprising an amino acid sequence of AQGSSIFDY (SEQID NG 10), a
VLCDRI comprising an amino acid sequence of QSVSSY (SEQ ID NG 11}, a VLCDRZ
comprising an amino acid sequence of DAS, and a VLCDR3 comprising an amino acid

sequence of QORSNWPPFT (SEQ 1D NO: 14);

(1) a polypeptide or complex of two or more polypeptides that specifically binds D3
comprising a VHCDRI comprising an amino acid sequence of GFTFNTYA (SEQ 1D NO:
61}, a VHCDR2 comprising an anuino acid sequence of IRSKYNNYAT (SEQ 1D NO: 62}, a
VHCDR3 comprising an amino acid sequence of VRHGNFGASYVSWFAY (SEQ ID NO:
68}, a VLCDRI comprising an amino acid sequence of TGAVTTSN (SEQ 1D NG 64), a
VLCDRZ comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino

acid sequence of ALWYSNLWYV (SEQ ID NO: 66);

(111} a bridging motety connecting the N-terminal end of the polypeptide or complex of two
or more polyvpeptides that specifically binds ROR1 to the C-terminal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
motety comprises: (a) a polypeptide arm comprising amino acid sequences of SEQ ID NG:
90 and SEQ 1D NO: 86, and (b} a second polypeptide ann comprising amino acid sequences
of SEQ 1D NG: 92 and SEQ ID NO: 87, and

(iv) a second polypeptide or second complex of two or more polypeptides that specifically
binds ROR1 connected to the N-tcnmmal end of the bridging moicty comprising a VHCDRI
comprising an amino acid sequence of GFTFTSYA (SEQ ID NG: 8), a VHCDR2
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comprising an amino acid sequence of ISGSGGGT (SEQ 1D NO: 9}, a VHCDR3 comprising
an amino acid sequence of AQGSSIFDY (SEQ 1D NO: 10), a VLCDRI comprising an
amino acid sequence of QSVESY (SEQ D NO: 11}, a VELCDR?2 comprising an amino acid
sequence of DAS, and a VECDR3 compnsing an amino acid sequence of QQRSNWPPFT
{(SEQ ID NG: 14).

. The protein of any one of claims 75 to 80 comprising:

(1) a polypeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VHCDRI comprising an amino acid sequence of GFTFTSY A (SEQ 1D NO:
8), a VHCDR? comprising an amino acid sequence of ISGSGGGT (SEGID NG 9, a
/HCDR3 comprising an amino acid sequence of AQGSSIFDY (SEQID NOG: 10}, a
VLCDRI comprising an amino acid sequence of Q8VESY (SEG IDNG: 11), a VLCDR2
comprising an anuino acid sequence of DAS, and a VLCDR3 comprising an amino acid

sequence of QQRSNWPPET (SEQ 1D NO: 14);

(11} a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising 2 VHCDRI comprising an amino acid sequence of GFTFNTY A (SEQ ID NO:
61), a VHCDR2 comprising an amino acid sequence of IRSKYNNYAT (SEQ ID NG: 62), a
YVHCDR3 comprising an amino acid sequence of VRHGNFGNSYVSWFEAY (SEGQ 1D NG:
63}, a VLCDRI comprising an amino acid sequence of TGAVTTSN (SEQ ID NG 64}, a
VLCDR2 comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino
acid sequence of ALWYSNLWY {(SEQ 1D NO: 66);

(111} a bridging motety connecting the N-terminal end of the polypeptide or complex of two
or more polypeptides that specifically binds ROR1 to the C-termuinal end of the polypeptide
or complex of two or more polvpeptides that specifically binds CD3, wherein the bndging
moiety comprises: (a} a polvpeptide arm comprising amino acid sequences of SEQ 1D NO:
90 and SEQ 1D NO: 86, and (b} a second polypeptide arm comprising aming acid sequences

of SEQ 1D NO: 92 and SEQ 1D NO: 87; and

(1v} a second polypeptide or second complex of two or more polypeptides that specifically

binds RORI connected to the N-terminal end of the budging motety comprising a VHCDRI1

comprising an amino acid sequence of GFTFTSY A (SEQ ID NO: 8}, a VHCDR?

comprising an amino acid sequence of ISGSGGGT (SEQ 1D NO: 93, a VHUDR3 comprising

an amino acid sequence of AQGSSIFDY (SEQ 1D NO: 10}, a VLCDRI comprising an

aming acid sequence of QSVSSY (SEQ ID NG: 11}, a VLCDR2 comprising an anuno acid
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91.

sequence of DAS, and a VECDR3 comprising an anmino acid sequence of QQRSNWPPFT
(SEQ ID NG: 14).

The protein of any one of claims 75 to 80 comprising:

{1} a polvpeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a YVHCDR1 comprising an amino acid sequence of GFSITTSGVS (SEQ ID NO:
23), a VHCDR2 comprising an amino acid sequence of IYWDDDK (SEQ ID NG: 24), a
VHCDR3 comprising an amino acid sequence of AHAPRYTPGGYFDY (SEQ ID NO: 25),
a VLCDRI comprising an amino acid sequence of QSVSSN (SEQ 1D NO: 26}, a VLCDR2
comprising an amino acid sequence of GAS, and a VLCDR3 comprising an amino acid

sequence of QQYKNWPPA (SEQ ID NG 28);

(11} a polvpeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VHCDRI comprising an amme actd sequence of GFTFNTY A (SEQ ID NO:
61}, a VHCDRZ comprising an amino acid sequence of IRSKYNNYAT (SEQ 1D NG: 62}, a
YHCDR3 comprising an aming acid sequence of VRHGNFGNSYVSWFAY (SEQ ID NO:
63}, a VLCDRI comprising an amino acid sequence of TGAVTISN (SEQ ID NQ: 64}, a
VLCDRZ comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino

acid sequence of ALWYSNLWYVY (SEQ 1D NO: 66);

(ii1) a bridging moiety connecting the C-terminal end of the polypeptide or complex of two
or mare polyvpeptides that specifically binds ROR1 to the N-ternunal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
moiety comprises: {a} a polypeptide arm comprising amino acid sequences of SEQ ID NG:
90 and SEQ 1D NO: 86 and (b} a second polypeptide arm comprising aming acid sequences
of SEQ ID NG: 92 and SEQ ID NO: 87, and

(iv) a second polypeptide or second complex of two or more polypeptides that specifically
binds ROR1 comprising a VHCDRI comprising an amino acid sequence of GFSITTSGVS
(SEQ ID NO: 23}, a VHCDRZ comprising an amino acid sequence of IYWDDDK (SEQ ID
NO: 24), a VHCDR3 comprising an amino acid sequence of AHAPRYTPGGYFDY (SEQ
I3 NO: 25, a VECDRIE comprising an amino acid sequence of QSVSSN (SEQ 1D NO: 26),
a VLCDR2 comprising an amino acid sequence of GAS, and a VLCDR3 comprising an
amino acid sequence of QUYKNWPPA (SEQ ID NO: 28},

The protein of any one of claims &1 to 85 comprising:
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(1} a polvpeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VHCDRI comprising an amino acid sequence of GFTFTSYA (SEQ 1D NO:
83, a VHCDR2 comprising an amino acid sequence of ISGSGGGT (SEQ I NG 9), a
VHCDR3 comprising an amino acid sequence of AQGSSIFDY SEQID NG 10), 3
VLCDRI comprising an amino acid sequence of QSVSSY (SEQ ID NG 1), a VLCDR2

L4

comprising an amino acid sequence of DAS, and a2 VLCDR3 comprising an amino acid
sequence of QORSNWPEPPST (SEQ ID NO: 15y,

(11} a polvpeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VHCDRI comprising an amine acid sequence of GFTEFNTYA (SEQ ID NO:
10 61}, a VHCDRZ comprising an amino acid sequence of IRSKYNNYAT (SEQ 1D NO: 62}, a
YVHCDR3 comprising an amino acid sequence of VRHGNFGNSYVSWFAY (SEQ 1D NG
63}, a VLCDRI comprising an amino acid sequence of TGAVTTISN (SEQ ID NQ: 64}, a
YLCDRZ comprising an amino acid sequence of GT. and a VLCDR3 comprising an amino

acid sequence of ALWYSNLWYVY (SEQ ID NG: 66);

I5 (111} a bridging motety connecting the C-terminal end of the polypeptide or complex of two
or more polypeptides that specifically binds ROR1 to the N-icominal end of the polypeptide
or complex of two or more polvpeptides that specifically binds CD3, wherein the bridging
moiety comprises: (a} a polypeptide arm comprising amino acid sequences of SEQ ID NG:
92 and SEQ I3 NO: 86, and (b) a sccond polypeptide arm comprising amino acid sequences

20 of SEQ ID NQO: 92 and SEQ ID NO: 87; and

(iv) a second polypeptide or second complex of two or more polypeptides that specifically
binds ROR1 connected to the N-terminal end of the bndging moiety comprnising a VHCDR]
comprising an amino acid sequence of GFTFTSYA (SEQ ID NG: 8}, a VHCDR2
comprising an amino acid sequence of ISGSGGGT (SEQ 1D NO: 9), a VHCDR3 comprising

25 an aming acid sequence of AQGSSIFDY (SEQ D NO: 10), a VLCDRI comprising an
amino acid sequence of QSVESY (SEQ ID NO: 11}, a VLCDR?2 comprising an aminge acid
sequence of DAS, and 3 VECDR3 comprising an amino acid sequence of QURSNWPPST
(SEQ ID NO: 15).

92. The protein of any one of claims 81 to 85 comprising:

30 (1) a polypeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VHCDRI comprising an amino acid sequence of GFSITTSGVS (SEQ 1D NO:
23}, a VHCDRZ comprising an amino acid sequence of IYWDDDK (SEQ IDND: 24}, a
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VHCDR3 comprising an amino acid sequence of AHAPRYTPGGYFDY (SEQ 1D NO: 253,
a VLCDRI comprising an amino acid seqguence of QSVSSN (SEQ 1D NG: 26), a VLCDR2
comprising an anuino acid sequence of GAS, and a VLCDR3 comprising an amino acid
sequence of QUYKNWPPRA (SEQ ID NO: 28);

(11} a polypeptide or complex of two or more polypeptides that specifically binds D3
comprising 2 VHCDRI comprising an amino acid sequence of GFTFNTY A (SEQ 1D NO:
61), a YHCDR2 comprising an aming acid sequence of IRSKYNNYAT (SEQ ID NO: 62), a
VHCDR3 comprising an amino acid sequence of VRHGNFGNSYVSWFAY (SEQ 1D NG:
63}, a YVLCDRI comprising an amino acid sequence of TGAVTTSN (SEQ ID NG 64), a
VLCDRZ comprising an amino acid sequence of GT, and a VLCDR3 comprising an amino

acid sequence of ALWYSNLWY (SEQ 1D NO: 66):

(1) a bridging moiety connecting the C-terounal end of the polvpeptide or complex of two
or more polypeptides that specifically binds RORT {o the N-terminal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
motety comprises: {a} a polypeptide arm comprising amino acid sequences of SEG 1D NG:
92 and SEQ 1D NO: 86, and (b} a sccond polypeptide arm comprising amino acid sequences
of SEQ 1D NO: 92 and SEQ 1D NG: 87, and

(iv} a second polvpeptide or second complex of two or more polypeptides that specifically
binds ROR1 connected io the N-terminal end of the bridging motety comprising a VHCDRI
comprising an amino acid sequence of GFSITTSGVS (SEQ 1D NG: 23}, a VHCDR2
comprising an amino acid sequence of Y WDDDK (SEQ 1D NG: 24}, a VHCDR3
comprising an amino acid sequence of AHAPRYTPGGYFDY (SEQ ID NG: 25),a
VLCDRI compnsing an amino acid sequence of QSVSSN (SEQ IDNO: 26}, a VLCDR2
comprising an amino acid sequence of GAS, and 2 VLCDR3 comprising an amine acid

sequence of QQYKNWPPA (SEQ ID NO: 28).

. A protein corprising:

(1} a polvpeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a heavy chain variable domain (VH) comprising an amino acid sequence of SEQ
D NG: 29 or SEQ ID NG: 39, and a light chain variable domain (VL) comprising an amino
acid sequence of SEQ 1D NG: 30, SEQ ID NG 31, SEG 1D NG: 32, SEQ ID NO: 33; SEQ
D NO: 34, SEQ HD NO: 35, SEQ 1D NO: 36, SEQ 1D NO: 37, SEQ ID NO: 38, or SEQ ID
NG 440
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i3
95
96,

20
25 97
98
30 99,

(i) a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VH comprising an aming acid sequence of SEQ ID NO: 71, SEQ ID NO: 72,
SEQ IDNG: 73, SEQ ID NG 74, SEQ ID NO: 75, or SEQ D NO: 80, and a VL comprising
an amino acid sequence of SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NG 78, SEQ I NO:
79, or SEGQ IDNQ: 81; and

(111} a bridging moicty connecting the polypeptide or complex of two or more polypeptides
that specifically binds ROR1 to the polypeptide or complex of two or more palypeptides that
specifically binds CD3, wherein the bridging moiwty comprises: (3} a polvpeptide amm
comprising amino acid sequences of SEQ ID NO: 90 and SEQ ID NO: 86, or SEQ ID NG
92 and SEQ 1D NGO: 86, and (b} a sccond polypeptide arm comprising an amino acid

sequence of SEQ ID NOG: 90 and SEQ ID NO: 87, or SEQ ID NO: 92 and SEQ D NO: 87,

The protein of clamm 93, wherem the polvpeptide or complex of two or more polypeptides
that specifically binds ROR 1 15 connected to the C-terminal end of the bridging moiety and
the polypeptide or complex of two or more polypeptides that specifically binds CD3 i3

connected to the N-terminal end of the bridging motety.

5. The protein of claim 94, further comprising a second polypeptide or second complex of two

or more polypeptides that spectfically binds ROR1 connected to the N-terminal end of the

bridging moiety.

The proten of claim 95, whercin the sccond polypeptide or second complex of two or more
polvpeptides that specifically binds ROR1 comprising a heavy cham vanable domain (VH)
comprising an amine acid sequence of SEQ ID NO: 29 or SEQ ID NG: 39 and a light chain
varable domain (V1) comprising an amino acid sequence of SEQ ID NG: 30, SEQ 1D NO:
31, SEQ 1D NO: 32, SEQ ID NG: 33; SEQ ID NQ: 34, SEQ ID NQO: 35, SEQ ID NG: 36,
SEQ ID NG: 37, SEQ 1D NO: 38, or SEQ 1D NO: 40.

. The proten of any one of claims 94 to 96, wherein the polypeptide or complex of two or

more polypeptides that specifically binds RORI is connected to the C-terminal end of the

bridging moiety by a linker polypeptide.

. The protein of claim 97, wherein the linker polypeptide comprises a (GGGGS) (SEQ ID

NO: 1) sequence, wherem nis 1o 12,

The protein of clamm 93, wherem the polypeptide or complex of two or more polypeptides

that specifically binds ROR 15 connected to the N~terminal end of the bridging motcty and
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the polypeptide or complex of two or more polypeptides that specifically binds CD3 is

connected to the C-ternunal end of the bridging moiety.

100, The protein of claim 99, further comprising a second polypeptide or sccond complex of

two or more polypeptides that specifically binds ROR1 connected to the N-terminal end of

W

the bridging moiety.

101, The protein of claim 100, wherein the second polypeptide or second complex of two or
more polyvpeptides that specifically binds ROR1 comprises a heavy chain variable domain
(VH) comprising an anuino acid sequence of SEQ ID NO: 29 or SEQ 1D NO: 39 and a hight
chain vanable domain (VL) comprising an amino acid sequence of SEQ 1D NO: 30, SEQ ID
10 NG 31, SEQ 1D NG: 32, SEQ ID NG 33; SEQ D NG: 34, SEQID NQG: 35, SEQ ID NG
36, SEQ 1D NO: 37, SEG 1D NO: 38, or SEQ 1D NO: 40

102, The protem of any one of claims 99 to 101, wherein the polypeptide or complex of two
or more polypeptides that spectfically binds CD3 is connected to the C-terminal end of the

bridging moicty by a linker polypeptide.

15 103, The protein of claim 102, wherein the linker polypeptide comprises a (GGGG Sk (SEQ

D NO: 1) sequence, whereinnis 1o 12,
104, The protein of any one of claims 93 to 98, comprising:

(1) a polypeptide or complex of two or more polvpeptides that specifically binds ROR1
comprising a VH comprising an amino acid sequence of SEQ ID NG: 29, and a VL

20 comprising an amino acid sequence of SEQ ID NG: 31

(11} a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VH comprising an amino acid sequence of SEQ IDNO: 72, and a VL

comprising an amino ackd sequence of SEQ 1D NO: 81,

(iii} a bridging motety connecting the N-terminal end of the polypeptide or complex of two

25 or mare polyvpeptides that specifically binds ROR 1 to the C-terminal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
moiety comprises: (a) a polypeptide arm comprising amino acid sequences of SEQ ID NG:
90 and SEQ 1D NO: 86, and (b} a second polypeptide arnm comprising an amino acid
sequence of SEQ 1D NO: 92 and SEQ D NO: 87; and
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{iv} a sccond polypeptide or second complex of two or more polypeptides that specifically
binds RORI connected to the N-ternminal end of the bridging motcty comprising a VH
comprising an anino acid sequence of SEQ ID NG: 29, and a VL comprising an amino acid

sequence of SEQ 1D NG: 31,

105, The protein of any one of claims 93 to 98, comprising:

(1) a polypeptide or complex of two or more polypeptides that speaifically binds ROR1
comprising a VH comprising an amino acid sequence of SEQ ID NG: 29, and a VL

comprising an amino acid sequence of SEQ 1D NO: 31;

(11} a polypeptide or complex of two or more polypeptides that specifically binds £D3
comprising a YH comprsing an anunoe acid sequence of SEQIDNG: 71, and a VL

comprising an anuno acid sequence of SEQ 1D NO: 76;

(111} a bridging moiety connecting the N-termunal end of the polypeptide or complex of two
or more polypeptides that specifically binds ROR1 1o the C-terminal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
moicty comprises: {a} two polypeptides at its N-terminal end comprising an amino acid
sequence of SEQ 1D NO: 92, and (b} a polypeptide comprising an amino acid sequence of
SEQ ID NO: 86 and a polypeptide comprising an amino acid sequence of SEQ ID NG: 87
wherein the bridging moiety comprises: (1) a polypeptide arm comprising amino acid
sequences of SEQ 1D NG: 90 and SEQ ID NO: 86, and (2} a second polypeptide arm
comprising an amino acid sequence of SEQ D NO: 92 and SEQ ID NG: 87; and

(1v) a second polvpeptide or second complex of two or more polyvpeptides that specifically
binds RORI connected to the N-terminal end of the bridging moiety comprising a VH
comprising an amino acid sequence of SEQ 1D NO: 29, and a VL comprising an aming acid

sequence of SEQ 1D NG: 31,

106, The protein of any one of claims 93 to 98, comprising:

(1} a polypeptide or complex of two or more polypeptides that specifically binds ROR1
comprisig a VH comprising an amino acid sequence of SEQ IDNO: 29, and a VL

comprising an amino acid sequence of SEQ 1D NO: 30;
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a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VH comprising an aning acid seguence of SEQ D NG: 72, and a VL

comprising an anuino acid sequence of SEQ ID NO: 81;

(11} a bridging moiety connecting the N-terminal end of the polypeptide or complex of two or

W

more polypeptides that specifically binds RORI to the C-terminal end of the polypeptide or
complex of two or more polypeptides that specifically binds CD3, wherein the bridging
raoicty comprises: (a) a polypeptide arm comprising amino acid sequences of SEQ ID NO:
90 and SEQ [D NO: 86, and (b) a second polvpeptide anm comprising an amino acid
sequence of SEQ 1D NG: 92 and SEQ 1D NO: 87; and

10 (111} a second a polypeptide or complex of two or more polypeptides that specifically binds
ROR1 connected to the N-terminal end of the bridging moiety comprising a VH comprising
an amino actd sequence of SEQ 1D NG: 29, and a VL comprising an amino acid sequence of

SEQ ID NO: 30.

107, The protein of any one of claims 93 to 98, comprising:

15 {1} a polvpeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VH comprising an amino acid sequence of SEQ ID NG: 29, and a VL
comprising an amine acid sequence of SEQ 1D NG: 30,

{11} a polypeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VH comprising an aming acid sequence of SEQ ID NG: 71, and a VL

20 comprising an anuno acid sequence of SEQ ID NO: 75;

(111} a bridging motety connecting the N-terminal end of the polypeptide or complex of two
or more polypeptides that specifically binds ROR1 to the C-terminal end of the polypeptide
or complex of two or more polvpeptides that specifically binds CD3, wherein the bridging

motety comprises: (a) a polypeptide arm comprising amino acid sequences of SEQ ID NG:

23 90 and SEQ 1D NO: 86, and (b) a second polypeptide arm comprising an amino acid

sequence of SEQ ID NG 92 and SEQ ID NO: 87, and

(iv) a second a polypeptide or complex of two or more polypeptides that specifically binds

RORI1 connected to the N-ternunal end of the bridging moiety comprising a VH comprising

an amino acid sequence of SEQ 1D NO: 29, and a VL comprising an amino acid sequence of
30 SEQ 1D NG: 30
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108, The protein of anv one of claims 93 to 98, comprising:

(1) a polypeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VH comprising an amino acid sequence of SEQ IDNO: 39, and a VL

comprising an amino acid scquence of SEQ 1D NO: 40;

(1) a polvpeptide or complex of two or more polypeptides that specifically binds CD3
comprising a VH comprising an amino acid sequence of SEQ ID NG: 80, and a VL

comprising an amino acid sequence of SEQ 1D NQO: 81;

(1ii} a bridging moiety connecting the C-terminal end of the polypeptide or complex of two
or more polypeptides that spectfically binds ROR1 to the N-terminal end of the polypeptide
or complex of two or mare polvpeptides that specifically binds CD3, whereimn the bridging
moiety comprises: {(a} a polvpeptide arm comprising amino acid sequences of SEQ TDNO:
90 and SEQ ID NG: 86, and (b) a second polvpeptide arm comprising an amino acid
sequence of SEG 1D NG: 92 and SEQ 1D NO: 87; and

{iv} a second polypeptide or second complex of two or more polypeptides that specifically
binds ROR! connected to the N-terminal end of the bridging moisty comprising a VH
comprising an amino acid sequence of SEQ ID NG: 39, and a VL comprising an aming acid

sequence of SEQ 1D NG: 40.

-

109, The protein of any one of claims 99 to 103, comprising:

(1) a polypeptide or complex of two or more polypeptides that specifically binds ROR1
comprising a VH comprising an amino acid sequence of SEQ IDNG: 29, and a VL

comprising an amino acid sequence of SEQ D NO: 31

(i1} a polypeptide or complex of two or more polypeptides that specifically binds £D3
comprising a VH comprising an aming acid sequence of SEQIDNG: 72, and a VL

comprising an anuno acid sequence of SEQ 1D NG: 81

(1) a bridging moiety connecting the C-terminal end of the polypeptide or complex of two
or more polypeptides that specifically binds RORI to the N-termunal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
moicty comprises: {a) a polypeptide arm comprising anino acid sequences of SEQ ID NG,
92 and SEQ ID NO: 86, and (b} a second polypeptide arm comprising an amino acid
sequence of SEQ 1D NO: 92 and SEQ ID NO: 87; and
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{iv} a sccond polypeptide or second complex of two or more polypeptides that specifically
binds RORI connected to the N-ternminal end of the bridging motcty comprising a VH
comprising an anino acid sequence of SEQ ID NG: 29, and a VL comprising an amino acid

sequence of SEQ 1D NG: 31,

110, The protein of any one of claims 99 to 103 comprising:

(1) a polypeptide or complex of two or more polypeptides that speaifically binds ROR1
comprising a VH comprising an amino acid sequence of SEQ ID NG: 39, and a VL

comprising an amino acid sequence of SEQ 1D NO: 40;

(11} a polypeptide or complex of two or more polypeptides that specifically binds £D3
comprising a VH comprsing an anuine acid sequence of SEQ ID NG: 72, and a VL

comprising an anino acid sequence of SEQ 1D NQ: 81;

(111} a bridging moiety connecting the C-ierminal end of the polypeptide or complex of two
or more polypeptides that specifically binds RORI 1o the N-termunal end of the polypeptide
or complex of two or more polypeptides that specifically binds CD3, wherein the bridging
motety comprises: {a) a polypeptide arm comprising amino acid sequences of SEQ ID NOG:
92 and SEQ ID NO: 86, and (b) a second polvpeptide arm comprising an amino acid
sequence of SEQ 1D NG: 92 and SEGQ 1D NO: 87; and

{(iv) a second polypeptide or second complex of two or more polvpeptides that specifically
binds RORI connected to the N-terminal end of the bridging motety comprising a VH
comprising an anuno acid sequence of SEQ 1D NG: 39, and a VL. comprising an amino acid

sequence of SEQ 1D NO: 40,
A protein comprising:

(1) a single-chain variable fragment {scFv) that specifically binds RORI comprising an
anuno acid sequence of SEQ ID NG: 41, SEQ ID NO: 42, SEQ ID NOG: 43, SEQ ID NO: 44,
SEQID NG: 45, SEQ ID NG: 46, SEQ ID NG: 47, SEQ ID NO: 48, SEQ ID NG: 49, SEQ
1D NG 50, SEQ ID NO: 51, SEQ ID NG 52, SEQ 1D NO: 53, SEQ ID NG 54, SEQ ID
NO: 535, SEQ 1D NO: 56, SEQ 1D NO: 57, SEQ 1D NO: 58, SEQ 1D NO: 39, or SEQ 1D NO:
60;
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(i) a Fab that specifically binds CD3 comprising a heavy chain comprising an amino acid
sequence of SEQ ID NO: 82 or SEQ ID NO: 83, and a light chain comprising an amino acid
sequence of SEQ 1D NO: 84 or SEQ ID NG: 85; and

(1i1) a bridging moiety connecting the scFv that specifically binds RORI1 1o the Fab that
specifically binds CD3, wherein the bridging moitety comprises: {a} a polypeptide amm
comprising amino acid sequences of SEQ 1D NO: 90 and SEQ ID NO: 86, or SEQ 1D NO:
92 and SEQ 13 NO: 86, and (b) a second polypeptide arm comprising anuno acid sequences

of SEQ ID NG: 90 and SEQ ID NG: 87, or SEQ 1D NO: 92 and SEQ 1D NG: 87,

112, The protein of claim 111, wherein the scFv that specifically binds RORI 15 connected to
the C-terminal end of the bridging moiety and the Fab that specifically binds CD3 is

connected to the N-terminal end of the bridging moiety.

113, The protein of claim 112, further comprising a second scFv that specifically binds ROR1

connected to the N-terminal end of the bridging moicty.

114, The protein of claim 113, wherein the second scFv that specifically binds ROR1
comprises an amino acid sequence of SEQ ID NG: 41, SEQ ID NO: 42, SEQ 1D NO: 43,
SEQID NG: 44, SEQ 1D NO: 45, SEQ ID NG: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ
D NG 49, SEQ ID NO: 30, SEQ ID NO: 51, SEG ID NO: 532, SEQ ID NG: 53, SEQ ID
NO: 534, SEQ [D NG: 55, SEQ 1D NO: 36, SEQ ID NO: 57, SEQ 1D NO: 38, SEQ ID NGO
39, or SEQ ID NO: 60.

115, The protein of any one of claims 112 to 114, wherem the scFv that specifically binds

RORI 1s connected to the C-terminal end of the bridging motety by a linker polypeptide.

116,  The protein of claim 115, wheremn the linker polypeptide comprises a (GGGGS (SEQ
ID NG: 1) sequence, whereinnis L to 12

117, The proten of clatm 111, wherein the sc¥Fv that specifically binds ROR1 is connected to
the N-ternunal end of the bridging moiety and the Fab that specifically binds CD3 is

connected to the C-terminal end of the bridging moiety.

118, The protein of claim 117, further comprising a second scFv that specifically binds ROR1

connected to the N-terminal end of the bridging moiety.
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119, The protein of claim 118, whercin the second scFv that specifically binds ROR1
comprises an amino acid sequence of SEQ 1D NO: 41, SEQ ID NO: 42, SEQ 1D NO: 43,
SEQID NG: 44, SEQ IR NG: 45, SEQ ID NG: 46, SEQ 1D NO: 47, SEQ ID NG: 48, SEQ
ID NG: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 532, SEQ ID NG 53, SEQ ID
NO: 34, SEQ ID NO: 55, SEQ 1D NO: 56, SEQ ID NO: 57, SEQ 1D NO: 58, SEQ ID NO:
39, or SEQ 1D NG: 60,

L4

120, The protein of any one of clamms 117 to 119, wherein the Fab that specifically binds CD3

is connected to the C-terminal end of the bridging motety by a linker polypeptide.

121 The protein of claim 120, wherein the linker polypeptide comprises a (GGGGSh (SEQ
10 D NO: 1} sequence, whereinnis 1 to 12.

122, The proten of any one of claims 112 to 116, comprising:

(1) an scEv that specifically binds ROR1 comprising an anino acid sequence of SEQ 1D NO:

42;

(11} a Fab that specifically binds CD3 compnising a heavy chain comprising an amino acid
Is sequence of SEQ ID NO: 82, and a light chain comprising an amino acid sequence of SEQQ

1D NO: 84,

(111} a bridging moicty connecting the N-ierminal end of the scFv that specifically binds

ROR1 1o the Caerminal end of the Fab that specifically binds CD3, wherein the bridging

moiety comprises: (a} a polvpeptide arm comprising amino acid sequences of SEQ TDNO:
20 90 and SEQ ID NG 86, and (b) a sccond polypeptide arm comprising amine acid sequences

of SEQ ID NO: 92 and SEQ 1D NG: 87 and

{(iv}) a second scFv that specifically binds ROR1 connected to the N-terminal end of the

bridging moiety comprising an anuno acid sequence of SEQ ID NO: 42,
123, The protein of any one of claims 112 to 116, comprising:

(i} an scFv that specifically binds RORI comprising an amino acid sequence of SEQ ID NO:

~.
42;

2
W

(11} a Fab that specifically binds CD3 comprising a heavy chain comprising an amino acid
sequence of SEQ I3 NO: 83, and a hight chain comprising an anuno acid sequence of SEGQ

D NO: 85;
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(111} a bridging moicty connecting the N-terminal end of the seFv that specifically binds
ROR1 1o the C4erminal end of the Fab that specifically binds CD3, wherein the bridging
moicty comprises: {a} a polypeptide arm comprising anuno acid sequences of SEQ ID NO:
90 and SEQ ID NG: 86, and (b) a sccond polypeptide arm comprising aming acid sequences

of SEQ ID NO: 92 and SEQ ID NO: 87; and

L4

a second scFv that specifically binds ROR1 connected to the N-terminal end of the bridging

raoicty comprising an amino acid sequence of SEQ ID NOG: 42
124 The protein of any one of claims 112 to 116, comprismg:

(1} an scFv that specifically binds ROR1 comprising an amino acid sequence of SEQ 1D NO:
10 41,

(i1} a Fab that specifically binds CD3 comprising a heavy chain comprising an amino acid
sequence of SEQ 1D NO: 82, and 3 light chain comprising an anuno acid sequence of SEQ

D NO: 84;

(111} a bnidging motety connecting the N-termmnal end of the scFv that specifically binds

Is ROR1I to the Cerminal end of the Fab that specifically binds CD3, wherein the bridging
motety comprises: {a} a polypeptide arm comprising amino acid sequences of SEG 1D NO:
90 and SEQ 1D NO: 86, and (b} a sccond polypeptide arm comprising aming acid sequences

of SEQ 1D NG: 92 and SEQ 1D NG: 87, and

(iv} a second scFv that specifically binds RORI connected to the N-terminal end of the

20 bridging moiety comprising an amino acid sequence of SEQ 1D NQG: 41
125 The protein of any one of claims 112 to 116, comprising:

(1} an scFv that specifically binds ROR1 comprising an amuno acid sequence of SEQ D NO:

41,

(i1} a Fab that specifically binds CD3 comprising a heavy chamn comprising an amino acid
sequence of SEQ ID NG: 83, and a light chain comprising an amino acid sequence of SEQ

D NO: 85;

2
W

(11t} a bridging moiety connecting the N-terminal end of the scFv that specifically binds
ROR] to the C-terounal cod of the Fab that specifically binds CD3, wherein the bridging
motety comprises: (a) a polypeptide arm comprising amino acid sequences of SEQ ID NG:
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90 and SEQ 1D NO: 6, and (b} a second polypeptide arm comprising amino acid sequences

of SEQ ID NG: 92 and SEQ ID NO: 87; and

(iv) a second scFv that specifically binds ROR1 connected to the N-terminal end of the

bridging moiety comprising an amino acid sequence of SEQ D NO: 41
5 126, The protein of any one of claims 112 to 116, comprising:

(1) an scfv that specifically binds ROR1 comprising av anuno acid sequence of SEQ 1D NO:

9,

L

(1) a Fab that specifically binds U133 comprising a heavy chain comprising an anine acid
sequence of SEQ 1D NO: 93, and a light chain comprising an amino acid sequence of SEQ

10 D NQO: 84;

(111} a bridging moiety connecting the C-terminal end of the scFv that specifically binds
ROR1 1o the N-terminal end of the Fab that specifically binds CD3. wherein the bridging
raoicty comprises: (a) a polypeptide arm comprising amuno acid sequences of SEQ ID NO:
90 and SEQ ID NG 86, and {(b) a sccond polypeptide arm comprising amino acid sequences

Is of SEQ ID NO: 92 and SEQ ID NG 87; and

(iv) a second scFv that specifically binds ROR1 connected to the N-terminal end of the

bridging moicty comprising an anmino acid sequence of SEQ IDNO: 59
127, The protein of any one of claims 117 to 121, comprising:

(i) an scf'v that specifically binds RORI comprising an aminoe acid sequence of SEQ IDNG:
20 42;

>

(11} a Fab that specifically binds CD3 compnising a heavy chain comprising an amino acid
sequence of SE} 1D NO: 93, and a light chain comprising an amino acid sequence of SEQ

D NO: 84;

(111} a bridging moicty connecting the C-terminal end of the scFv that specitically binds

25 ROR1 1o the N-terminal end of the Fab that specifically binds €3, whercin the bridging
moicty comprises: {a) a polypeptide arm comprising anino acid sequences of SEQ ID NO:
92 and SEQ 1D NO: 86, and (b} a second polypeptide arm comprising aming acid sequences

of SEQ 1D NG 92 and SEQ ID NG: 87; and
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{iv} a sccond scFv that specifically binds RORI connected to the N-terminal end of the

bridging moiety comprising av anuno acid sequence of SEQ 1D NG: 42
The protein of any one of claims 117 to 121, comprismg:

(1} an scFv that specifically binds ROR1 comprising an amino acid sequence of SEQ 1D NO:

59;

(11} a Fab that specifically binds CD3 coraprising a beavy chain comprising an amino acid
sequence of SEQ ID NG: 93, and a hight chain comprising an amino acid sequence of SEQ

1D NO: 84,

(111} a bnidging moiety connecting the C-terminal end of the scFv that specifically binds
ROR1 to the N-terminal end of the Fab that specifically binds CD3, wherein the bridging
motety comprises: {a} a polypeptide arm comprising amino acid sequences of SEG 1D NG:
92 and SEQ 1D NO: 86, and (b} a sccond polypeptide arm comprising amino acid sequences

of SEQ D NG: 92 and SEQ D NO: 87; and

(iv} a second scFv that specifically binds RORI connected to the N-terminal end of the

bridging moiety comprising an amino acid seqoence of SEQ ID NO: 59

129, A protein comprising a polyvpeptide having at least 90% sequence dentity o an amino

acid sequence sclected from the group consisting of SEG 1D NG: 95, SEQ 1D NO: 98, SEQ
NGO 101, SEQID NG: 104, SEQ 1D NOG: 219, SEQ ID NO: 109, and SEQ 1D NG: 220

130, A protein comprising polypeptides having at least 90% sequence dentity to amino acid

sequences selected from the group consisting of:
(a) SEQ ID NO: 94, SEQ 1D NO: 95, and SEQ 1D NO: 84,
(b} SEQ 1D NGO 97, SEQ 1D NO: 98, and SEQ 1D NG: 83,
(¢} SEQ ID NG 100, SEQ ID NO: 101, and SEQ 1D NO: 84;
(d) SEQ D NO: 103, SEQ ID NG: 104, and SEQ ID NO: 85;
(e) SEQ IDNG: 218, SEQ ID NO: 219, and SEQ ID NQO: 85;
() SEQ 1D NO: 109, SEQID NO: 110, and SEQ ID NO: 84; and

@) SEQ 1D NG: 220, SEQ 1D NO: 221, and SEQ ID NG 84
179
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131. A protein comprising a polypeptide comprising an amino acid sequence of SEQ ID NGO
94, a polypeptide comprising an amino acid sequence of SEQ 1 NO: 95, and a polvpeptide

comprising an anino acid sequence of SEQ 1D NQG: 84,

132, A protein comprising a polypeptide comprising an amino acid sequence of SEQ 1D NG:

W

97, a polypeptide comprising an amino acid sequence of SEQ D NO: 98, and a polypeptide

comprising an aming acid sequence of SEQ 1D NO: 83,

133, A protein comprising a polypeptide comprising an amino acid sequence of SEQ 1D NO:
100, a polypeptide comprising an amino acid sequence of SEQ ID NG 101, and a

polvpeptide comprising an anuno acid sequence of SEQ ID NG: 84,

19 134, A protein comprising a polypeptide comprising an anino acid sequence of SEQ IDNG:
103, a polypeptide comprising an amino acid sequence of SEQ IDNG: 104, and a

polypeptide comprising an amino acid sequence of SEQ IDND: &5,

I35 A protein comprising a polypeptide comprising an amino acid sequence of SEQ ID NG:

218, a polypeptide comprising an aminc acid sequence of SEQ 1D NO: 219 and a

-
e

polypeptide comprising an amino acid sequence of SEQ ID NO: 85,

136. A protein comprising a polvpeptide comprising an aming acid sequence of SEQ 1D NO:
109, a polypeptide comprising an amino acid sequence of SEQ ID NG 110, and a

polypeptide comprising an anuno acid sequence of SEQ ID NG: 84,

137. A protein comprising a polypeptide comprising an amino acid sequence of SEQ D NO:
20 220, a polypeptide comprising an amino acid sequence of SEQ ID NG: 221 and a

polypeptide comprising an anmino acid sequence of SEQ 1D NO: 84,

138. A protein comprising first heavy chain, a second heavy chain, and a light chain, each
comprising an amuno acid sequence corrgsponding 10 a sequence of a first heavy chain, a
sequence of a second beavy chain, and a sequence of a light chain listed in TABLE 11,

25 respectively.

139, The protein of any one of claims 1 to 138, wheremn the protem has a Ko for CD3 binding

of 10 nM to 50 nM as measured in a biolayer interferometry assay.

140, The protein of any one of claims 1 to 139, wherein the protein has a Kp for UD3 binding

of 15 oM to 20 nM as measured in a biolayer interferometry assay.
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141, The protein of any one of claims 1 to 140, wherein the protein has an ECse of 20 nM to

56 nM in a CD3 binding assay using activated T cells.

142, The protein of any one of claims 1 to 141, wherein the protein has an ECs of 25 nM to

35 oM in a CD3 binding assay usmg activated T cells.

5 143, The protein of any one of claims | to 142, wherein the protein binds to the Ig-like
domain of ROR L.

144, The protein of any one of claims 1 to 143, wherein the protein does not bind to the

Frizzled and/or Kringle domain of ROR1.

145, The protem of any one of claims 1 to 144, wherein the protein has a Ko for ROR1

10 binding of 80 oM to 120 nM as measured in a biclaver interferometry assay.

146, The protein of any one of claims 1 to 145, wherein the protemn has a Ko for RORI1

bmding of 93 nM to 105 nM as measured in a biolayer interferometry assay.

147, The protem of any one of claims 1 to 144, wherein the protein has a Kp for ROR1

binding of | nM to 10 nM as measured in a biolayer interferometry assay.

-
W

148.  The protein of any one of claims 1 to 144, wherein the protein has a Ko for ROR1

binding of 3 nM to 5 1M as measured in a biolayer interdferometry assay.

149 The protem of any one of claims 1 to 148, wherein the protein has an ECse of 80 nM to
120 nM im a ROR 1 binding assay using cells expressing about 3.5 X 10* ROR1

molecules/cell.

26 150, The protemn of claim 149, wherein the protein has an ECso of 90 aMto 110 nMina

ROR1 binding assav using cells expressing about 3.5 X 10* ROR1 molecules/cell.

151 The protein of any one of claims 1 to 148, wheremn the protem has an ECsp of 1 nMto 10

aM in a ROR1 binding assay using cells expressing about 3.5 X 10* ROR1 molecules/cell.

152, The protein of any one of claims 1 to 148, wherein the protein has an ECse of 2 0aMto 5

25 aM in a RORI binding assay using cells expressing about 3.5 X 10 RORI molecules/cell.

153, The protein of any one of claims 145, 146, 149, or 130, for use in the treatment of a solid

tumor.
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154, The protein of any one of claims 147, 148, 151, or 132, for use in the treatment of a

hematologic tumor.

155 The protein of any one of claims 1 to 154, wherein the proten induces T cell Iytic

granule degranulation.

156, The protein of any one of clamms 1 to 155, wherein the protein has an ECse of 160 pM to
200 pM for T cell mediated cytotoxicity of RORT-expressing tumor cells as measuredina T

cell/tumor cell co-culture killing assay.

157.  The protein of claim 156, wherein the protein has an ECso of 165 pMto 190 pM for T
cell mediated cytotoxicity of ROR l-expressing tumor cells as measured in a T cell/tumor cell

co~culture killing assay.

158, The protemn of any one of claims 1 to 155, wherein the protein has an ECse of 25 pM to
50 pM for T cell mediated cytotoxicity of ROR l-expressing tumor cells asmeasured ina T

cell/tumor cell co-cutture killing assayv.

159, The protem of claim 158, wherein the protein has an ECso of 30 pM 1o 40 pM for T cell
mediated cytotoxicity of RORI-expressing tamor cells as measured in a T cell/tamor cell co-

culture killing assay.

160, The protein of any one of claims 1 to 159, wherein the protein does not mduce a
significant increase n the production and/or release of pro-inflanumatory cvtokines by T cells
when administered to cultures at concentrations sufficient to mduce T cell mediated

cviotoxicity.

t6l. The protein of any one of claims 1 to 159, wherein the protein has an ECso of 1000 pMto

2000 pM as measured in a T cell/tumor cell co-culture IFNy production assay.

162, The protein of any one of claim 161, wherein the protein has an ECso of 1400 pM 1o 1800

pM as measpred in a T cell/tumor cell co-culture IFNy production assay.

163, The protein of any one of claims 1 to 159, whercin the protein has an ECso of 200 pM to

600 pM as measured in a T cell/tumor cell co-culture IFNy production assay.

164, The protemn of any one of claim 163, wherein the protein has an ECso of 300 pM to 300

pM as measured in a T celi/tumor cell co-culture TFNy production assay.

182



W

10

20

2
W

WO 2023/019121 PCT/US2022/074686

165, The protein of any one of claims 1 to 139, wherein the protein has 3 Cmax of 20% to 60%
compared to a reference T cell-binder as measured in a T cell/tumor cell co-culture IFNy

production assay.

166.  The protein of claim 165, wherein the protein has a Cmex 0f 35% 10 45% compared to a

reference T cell-binder as measured in a T cell/tamor cell co-culture IFNy production assay.

167, The protein of claim 165, wherein the protein has a Cma 0f 45% to 55% compared to a

reference T cell-binder as measured in a T cell/tumor cell co-culture IFNy production assay.

168.  The protein of any one of claims 1 to 167, whercin the protein does not mduce significant
levels of TNFg release when adnunistered to freshly isolated peripheral mononuclear cell

{(PBMC) cultures.

169, The protein of any one of claims 1 to 16&, wherein the protein does not induce significant
levels of TNFu release when administered to PBMCs pre-cultured for 48 bours at high

density.

170, The protem of any one of claims 1 to 169, wherein the protein does not induce sigmificant

levels of 1.2 release when administered to freshly isolated PBMC cultures.

171 The protein of any one of claims 1 to 169, wheremn the protein does not mduce significant

levels of 1.2 release when administered to PBMCs pre-cultured for 48 hours at high density .

172, The protein of any one of claims 1 to 171, wherein the protein has a cviokine release to
killing decoupling ratio of 1.2 to 1:4 normalized to a reference T cell-binder as measured in a

T cell/tumor cell co-cubture killing assay.

173, The protein of any one of claims 1 to 172, wherein the protein has a cytokine release to
killing decoupling ratio of 1:2.2 normalized to a reference T cell-binder as measured ina 1
g pHng

cell/tumor cell co-culture killing assay.

174, The protein of any one of claims 1 to 172, wherein the protein has a eytokine release to
killing decoupling ratio of 1:2.9 normalized to areference T cell-binder as measured ina T

cell/imor cell co-culture killing assav.

175 The protemn of any one of claims 1 to 174, wherein the protein induces a tumor serial

killing mndex of 3 to 5 as measured in a T cell/tumor cell co-culture kalling assay.
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176, The protein of claim 175, wherein the protein induces a tumor serial killing index of 3.4

10 3.6 as measured o a T cell/tumor cell co-culture killing assay.

177, The protein of clamm 175, wherein the protein induces a tumor serial kitling mdex of 3.8

to 4.2 as measured tna T cellfumor cell co~culture killing assay.

(o

178, The protein of any one of claims 1 to 177, wherein the protein is cross~reactive with

cynomolgus CD3 but not mouse CD3.

179, The protein of any one of claims 1 to 178, wheren the protein is cross-reactive with

cynomolgus ROR1 and mouse ROR1.

180, A formulation comprising a protein of any one of clavms 1 to 179 and a phammaceutically

10 acceptable carrier.
181, A nucleic acid encoding a protemn of any one of claims 1 to 179,

182, A cell comprising one or more nucleic acids encoding a protein of any one of claims 1 to

183, A method of treating a cancer n a patient, the method comprising adnunistering to the

-
W

patient a protein of any one of claims 1 to 179, or the formulation of claint 180.

184, The method of claim 183, wheremn the cancer 1s a hematological cancer or a solid tumor

cancer.

185, The method of claim 184, wherein the cancer is selected from the group consisting of
chronic lymphocvtic leukemia, mantle cell fymphoma, non-Hodgkin lymphoma, ovarian
20 cancer, lung cancer, bronchial cancer, colon cancer, rectal cancer, melanoma, renal cancer,
gastric cancer, pancreatic cancer, prostate cancer, ulerine cancer, breast cancer, oral cancer,
pharyngeal cancer, hairy cell leukemia, liver cancer, intrahepatic bile duct cancer, and

thyroid cancer.

186, Usc of a protein or functional fragment thereof of claim 129 in preparation of a protem of

25 claum 130,

187 Use of a nucleic acid that encodes a protein of clavm 129, or a functional fragment

thereof, in the preparation of a protein of claim 130.
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188,  An antibody or functional fragment thereof comprising, according to the IMGT unique
numbering scheme, a heavy chain variable complementarity-determining region |
(VHCDRU) comprising an amino aad sequence of GFTFTSYA (SEQ TD NO: 8}, a heavy
chain vartable complementarity-determining region 2 (VHCDR2) comprising an amino acid

sequence of ISGSGGGT (SEQ ID NO: 93, a heavy chain vanable complementarity-

L4

determining region 3 (VHCDR3) comprising an anuno acid sequence of AQGSSIFDY (SEQ
I3 NO: 103, a light chain vanable complementanty-determining region 1 (VLCDR1)
comprising an amino ackd sequence of QSVSSY (SEQ ID NO: 11), a light chain variable
complementarity-determining region 2 {VLCDR?) comprising an amino acid sequence of

10 DAS, and a light chain vanable complementarity-determining region 3 (VLCDR3)
comprising an amino acid sequence of QQRSNWPPFT (SEQ ID NG 14).

189, The antibody of claim 188, wherein the heavy chain variable domain comprises an
amingo acid sequence at least 90% identical to SEQ 1D NO: 29, and the light chain comprises

an amino acid scquence at least 90% identical to SEQ 1D NG: 30

15 190, An antibody or functional fragment thereof comprising, according to the IMGT unique
nwwbering scheme, a heavy chain variable compleomentarity-deternuning region |
(VHCDR 1) comprising an amino acid sequence of GFTFTSY A (SEQ ID NO: 8), a heavy
chain variable complementarity-determining region 2 (VHCDR2) comprising an amine acid
sequence of ISGSGGGT (SEQ 1D NO: 9), a heavy chan vanable complementarity-
20 deternuning region 3 (VHCDR3) comprising an amino acid sequence of AQGSSIFDY (SEQ
D NG 1), a hight chain variable complementarity-determimng region | (VLCDR1}
comprising an amino acid sequence of BSVSSY (SEQ 1D NO: 11}, a light chain variable
complementarity-determining region 2 {VLCDR2) comprising an amino acid sequence of
DAS, and a light chain variable complementarity-determining region 3 (VLCDR3)
comprising an amino acid sequence of QORSNWPPST (SEQ ID NG 13).

2
=]

191, The antibody of claim 190, wherein the heavy chain vanable domain comprises an
amino acid sequence at feast 90% identical to SEQ 1D NO: 29, and the light chain variable

domain comprises an amino acid sequence at least 90% identical to SEQ ID NG: 31

192, An antibody or functional fragment thereof comprising, according to the IMGT onigue
30 mumbering scheme, a heavy chain variable complementarity-determinmg region |
{(VHCDRI) comprising an amine actd sequence of GFSITTSGVS (SEQ 1D NGO 23), a heavy

chain vartable complementarity-determining region 2 (VHCDRZ) comprising an amino acid
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sequence of IYWDDDK (SEQ 1D NO: 24}, a heavy chain variable complementarity-
deternuning region 3 (VHCDR3) comprising an amino acid sequence of
AHAPRYTPGGYFDY (SEQ ID NO: 25), a light chamn vanable complementarity-
determining region 1 (VLCDRI) comprising an amino acid sequence of QSVSSN(SEQ ID

L4

NO: 263, a light chain vanable complementanty-determining region 2 {VLCDR2)
comprising an amino acid scquence of GAS, and a light chain vanable complementarity-
determining region 3 (VLUDR3) comprising an aming acid sequence of QUYKNWPRA

(SEQ 1D NO: 28).

193, The antibody of claim 192, wherein the heavy chain variable domain comprises an
10 amino acid sequence at least 90% identical to SEQ 1D NO: 39, and the light chain variable

domain comprises an amino acid sequence at least 90% 1dentical to SEQ 1D NG: 40.

194, The antibody of any one of ¢laims 188 to 193, or functional fragment thercof, wherein

the antibody 1s a human IgGl antibody.
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