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ANTI-CD3 ANTIBODIES AND METHODS OF USE THEREOGK

CROSS REFERENCE TO RELATED APPLICATIONS

[(601] This application claims priority benefit of International Patent Application Nos.
PCT/CN2021/076626 filed February 11, 2021, and PCT/CN2021/109057 filed July 28, 2021, the

contents of each of which are incorporated herein by reference in their entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE
[6¢82] The content of the following subruission on ASCII text file is incorporated herein by
reference in its entirety: a coruputer readable forra (CRF) of the Sequence Listing (file name:

69540200094 2SEQLIST.TXT, date recorded: February 9, 2022, size: 432,841 bytes).

FIELD
[0003] The present application relates to antibodies targeting CD3, including multispecific
antibodies targeting CD3, masked and activatable antibodies targeting CD3, methods of

preparation, and methods of use thereof.

BACKGROUND
[86¢84] Bispecific T-cell engager antibodies (BiTEs or TCEs) have been explored as a means to
recruit eytolytic T-cells to kill tumor cells. This is based on the simultaneous recognition of an
antigen on tumor cells and binding to the CD3 epsilon chain, or CD3, within the T-cell receptor
complex on T-cells that bridges malignant tumor cells directly to CD3+ T-cells. Blinatumomab,
or BLINCYTO®, the first bispecific T-cell engager reactive with the B-cell antigen CD19, was
approved by the FDA in 2014 for the treatment of neoplasms. While early studies showed
promising chinical efficacy, bispecific T-cell engagers were hampered by severe dose-limiting
toxicities primarily manifesting as cytokine release syndrome, which resulted in a prohibitively
narrow therapeutic window. There is a need for activatable BiTE or TCE molecules with
enhanced specificity and reduced side effects.
[0065] An activatable antibody, also known as a SAFFBODY™  is designed to mask an antigen-
binding nterface with a masking motif, which then prevents an antibody from binding to its
target in healthy tissues. The masking motif 1s designed to activate, or unmask, the antibody to

allow binding in the tumor microenvironment (“TME”) where certain activation conditions such
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as a protease is upregulated or favorable competition via highly localized antigen concentration
as compared to healthy tissues, allowing the antibody to bind to its target for tumor killing. See,
for example, W0O2019/149282. Activatable antibodies thus provide antigen-specific binding
proteins that are activated predominantly in the TME while remaining largely in an inactive state

in healthy tissues.

BRIEF SUMMARY
[6066] The present application provides multispecific antibodies targeting CD3 and another
target antigen {e.g., HER2 CD20, TROP2, BCMA, or CD19), masked antibodies (including
activatable antibodies such as activatable multispecific antibodies), isolated anti-CD3 antibodies,
masked {e.g., activatable) antibodies targeting HER2, and methods of treatment thereof.
[8067] One aspect of the present application provides a multispecific antibody (“multispecific T
cell engager”y comprising: a first antigen-binding fragment that specifically hinds CD3, wherein
the first antigen-binding fragment is fused to a first roasking rootety (MM1); and a second
antigen-binding fragment that specifically binds a target antigen: wherein the MM coropetes
with CD3 to specifically bind the CD3-binding moiety; and wherein the first antigen-binding
fragment hinds CD3 with half-maximal binding at a concentration of antibody (EC30) that is at
least 10 nM as determined by an enzyme-linked immunosorbent assay (ELISA). In some
embodiments, the ECspis at least 30 nM. In some embodiments, the ECso1s at least 100 sM (e.g.,
about 110 nM). In some embodiments, the fivst antigen-binding {ragment is a scFv, such as an
1solated anti-CD3 scFy, an isolated anti-CD3 scFv-Fe fusion protein, or an anti-CD3 sclv
fragment in a multispecific (e.g., bispecific) antibody without the MM, when used to determine
the ECse. In some embodiments, the ECsg is determined using the ELISA assay as described in
Example 3.
[8088] In some embodiments according to any one of the multispecific antibodies described
above, the multispecific antibody is a not an activatable mmitispecific antibody. In some
embodiments, the first antigen-binding fragment comprises a first immunoglobulin light chain
variable domain (VL 1) and a first immunoglobulin heavy chain variable domain (VHI) of an
anti-CD3 antibody, and wherein the MM is fused to the N-terminus of the VLI via a first non-
cleavable linker (NCL1).
[6869] One aspect of the present application provides an activatable multispecific antibody

{(“activatable multispecific T cell engager”) comprising: a) a first antigen-binding fragment that
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specifically binds CD3, wherein the first antigen-binding fragment is fused {o a first masking
motety (MM1) via a first cleavable motety (CM1); and b) a second antigen-binding fragment that
specifically binds a target antigen; whereimn the CM1 comprises a first cleavage site; wherein the
MM 1 competes with CD3 to specifically bind the CD3-binding moiety; and wherein the first
antigen-binding fragment binds CD3 with half-maximal binding at a concentration of antibody
{(ECs0) that 1s at least 10 nM as determined by an enzyme-linked immunosorbent assay (ELISA).
In some embodiments, the MM1 inhibits binding of the activatable antibody to CD3 when the
CM1 1s not cleaved; and the activatable multispecific antibody binds to CD3 via the first antigen-
binding fragment when the CM 15 cleaved. In some embodiments, the first antigen-binding
fragment 15 fused to the MM via a first cleavable motety (CM 1), the CM1 comprises a first
cleavage site, the MM inhibits binding of the multispecific antibody to CD3 when the CM1 is
not cleaved, and the multispecific antibody binds CD3 via the first antigen-binding fragment
with higher affinity when the CM1 is cleaved, e.g., as corapared to affinity of multispecific
antibody binding to CD3 via the first antigen-binding fragment when the CM1 is not cleaved. In
some embodiments, the ECso 15 at feast 50 nM. In some embodiments, the ECsq is at least 100 nM
(e.g., about 110 nM). In some embodiments, the first antigen-binding fragment 1s a scFv, such as
an solated anti-CD3 scFv, an 1solated anti-CD3 scFv-Fe fusion protein, or an anti-CD3 scFv
fragment in a multispecific (e.g., bispecific) antibody or an activatable multispecific antibody in
an activated form {i.e., with CM1 cleaved or effective binding by highly localized antigen
concentration in the TME vs normal tissues), when used to determine the ECso. In some
embodiments, the ECso 18 determined using the ELIS A assay as described in Example 5.

[0818] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the first antigen-binding fragment binds CD3 with a
dissociation constant (Kd} of at least 50 nM or at least 100 nM. In some embodiments, the first
antigen-binding fragment is a scFv, such as an isolated anti-CD3 scFv, an isolated anti-CI3
schv-Fe fusion protein, or an anti-CD3 scFv fragment in a multispecific {e.g., bispecific)
antibody or an activatable multispecific antibody in an activated form (e.g., with CM1 of the
multispecific antibody cleaved or effective binding by highly localized antigen concentration in
the TME vs normal tissues), when used to determine the Kd. In some embodiments, binding of
an antigen-binding fragment to CI3 is measured when the antigen-binding fragment s

unmasked.
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(88117 In some embodiments according to any one of the multispecific or activaiable
multispecific antibodies described above, the MM has a masking efficiency of at least 250 (e.g.,
at least S00, 1000, 2000, 3000, 5000, 10000 or higher) as determined by an ELISA assay, e.g.,
the ELISA assay in Example 3. In some embodiments, the MM1 has a masking efficiency of at
least S50 (e.g., at least 100, 200, 300, 400, 500, 600, 800, 1000 or higher) as determined by a
Jurkat NFAT reporter assay, e.g., the Jurkat NFAT assay for the antigen concentration used in
Example 3.

[6012] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the first antigen-binding fragment comprises a first
immunoglobulin light chain vanable domain (VL1) and a first immunoglobulin heavy chain
variable domain (VH1) of an anti-CD3 antibedy. In some embodiments, the first antigen-binding
fragment 13 selected from the group consisting of a Fab, a Fv, a scFab and a scFv. [n some
embodiments, the first antigen-binding fragroent 1s a scFv. Tn some embodiments, the scFv
comprises from N-terminus to C-terminus, VL1, a hnker, and VH1. In some embodiments, the
scFv comprises from N-terminus to C-terminus, VHI, a linker, and VL1, In some embodiments
m which the antibody 18 an activatable multispecific antibody, the MM1 15 fused to the N-
terminus of the VL1 via the CM1. In some embodiments in which the antibody 1s not an
activatable multispecific antibody, the MM 1s fused to the N-terminus of the VLT via the NCL1.
In some embodiments, the multispecific antibody is not an activatable multispecific antibedy. In
some embodiments, the multispecific antibody does not comprise a cleavable linker. In some
embodiments, the masking moiety is not fused with a sequence comprising a cleavage site.
[6813] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the second antigen-binding fragment comprises a
second immunoglobulin light chain variable domain (VL2) and a second immunoglobulin heavy
chain variable domain (VH2) of an antibody that specifically binds the target antigen. In some
embodiments, the second antigen-binding fragment 1s selected from the group consisting of a
Fab, a Fv, a scFab and a scFv. In some embodiments, the second antigen-binding fragment s a
Fv. In some embodiments, the second antigen-binding fragment is a Fab. In some embodiments
m which the antibody is not an activatable multispecific antibody, the multispecific antibody
comprises a first polypeptide, a second polypeptide, and a third polypeptide, wherein:

(i) the first polypeptide comprises a structure represented by the formula:
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VH2-CHI1-hinge-CH2-first CH3 (la);
(i1} the second polypeptide comprises a structure represented by the formula:
MM1-NCL1-VLI-VH!l-hinge-CHZ-second CH3 (1b); and
(it1) the third polypeptide comprises a structure represented by the formula:
VI12-CL (1c);
wherein:
CL is an immunoglobulin light chain constant domain;
CH1 15 an immunoglobulin heavy chain constant domain 1
(CH2 is an imrounoglobulin heavy chain constant domain 2;
first CH3 is a first immunoglobulin heavy chain constant domain 3;
second CH3 18 a second irnmunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CH2 domains;
wherein the VL1 and the VHI associate to form a scFv that specifically binds CD3; and wherein
the VL2 and the VHZ associate to form a Fv that specifically binds the target antigen. In some
embodiments in which the antibody is an activatable multispecific antibody, the activatable
multispecific antibody comprises a first polypeptide, a second polypeptide, and a third
polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VH2-CH1-hinge-CH2-first CH3 (la);
(ii} the second polypeptide comprises a structure represented by the formula:
MMI-CMI-VLI-VHi-hinge-CH2-second CH3 {1b); and
(iii) the third polypeptide comprises a structure represented by the formmla:
VLZ-CL (1c);
wherein:
CL is an immunoglobulin light chain constant domain;
CHI is an immunoglobulin heavy chain constant domain 1;
CH2 is an immunoglobulin heavy chain constant domain 2;
first CH3 is a first immunoglobulin heavy chain constant domain 3;
second CH3 is a second immunoglobulin heavy chain constant domain 3;

hinge is an immunoglobulin hinge region connecting the CHI and CH2 domains,
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wherein the VL1 and the VH1 associate to form a scFv that specifically binds CD3; and wherein
the VL2 and the VH2 associate to form a Fv that specifically binds the target antigen. In some
embodiments, the multispecific antibody (e.g., the second polypeptide thereof) comprising an
aminc acid linker between VL1 and VHI.
[8014] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the second antigen-binding fragment is fused to a
second masking moiety (MMZ), wherein the MMZ competes with the target antigen to
specifically bind the second antigen-binding fragment. In sorne embodiments, the second
anfigen-binding fragroent is fused to the MMZ2 via a second non-cleavable linker (NCL2). To
some ernbodiments, the second antigen-binding fragroent is fused to the MM2 via a second
cleavable moiety (CM2), wherein the CM2 comprises a second cleavage site, wherein the MM2
inhibits binding of the multispecific antibody to the target antigen when the CMZ2 is not cleaved,
and wherein the multispecific antibody binds the target antigen via the secound antigen-binding
fragment when the CM2 is cleaved. In some embodiments, wherein the second antigen-binding
fragment comprises a VH2 and a VL2 of an antibody that specifically binds the target antigen,
the MM2 1s fused to the N-terminus of the VL2 via the CM2. In some embodiments, the
multispecific or activatable multispecific antibody comprises a first polypeptide, a second
polypeptide, and a third polypeptide, wheren:
(i} the first polypeptide comprises a structare represented by the formula:
YH2-CH1-hinge-CH2-first CH3 (2a);
(i1} the second polypeptide comprises a structure represented by the formmla:
MMI-CM1-VLI-VH1-hinge-CH2-second CH3 (2b); and
(i) the third polypeptide comprises a structure represented by the formula:
MM2-CM2-VL2-CL (Zc);
wherein:
CL is an immunoglobulin light chain constant domain;
CHI is an immunoglobulin heavy chain constant domain 1:
CH?2 is an immunoglobulin heavy chain constant domain 2;
first CH3 is a first immunoglobulin heavy chain constant domain 3;
second CH3 is a second immunoglobulin heavy chain constant domain 3;

hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;
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wherein the VL1 and the VH1 associate to form a scFv that specifically binds CD3; and wherein
the VL2 and the VH2 associate to form a Fv that specifically binds the target antigen. In some
embodiments, the multispecific antibody (e.g., the second polypeptide thereof) comprises an
aminc acid linker between VL1 and VHI.

[8015] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the CD3 is human CD3. In some embodiments, the
first antigen-binding fragment is cross-reactive with a CD3 polypeptide from at least one non-
human species selected from the group counsisting of cynomolgus moukey, mouse, rat and dog.
[8016] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, wherein the first antigen-binding fragment comprises a
VH1Y and a VL1 of an anti-CD3 antibody, the VHI comprises a heavy chain complementarity
determning region {CDR-H) 1 comprising the amino acid sequence according to Formula (I):
KXY AKX (SEQ ID NG: 382), wherein X1 1s D, S,or T, 208 L L,or M,and XsisNor T, a
CDR-H2 comprising the amino acid sequence according to Formula {II):
RIRSKYNNYATYYAX X VKX (SEQ 1D NQO: 383), wherein Xiis Dor E, Xo1s S or T, and
X518 D, G, or §, and a CDR-H3 comprising the amino acid sequence according to Formula (1)
HONX(GXGSYVEXaXuAY (SEQ ID NO: 384), wherein Xqis For Y, XoisNor T, Xsis W or
Y, and X4 is F or W. In some emwbodiments, the VL1 comprises a CDR-L1 comprising the amino
acid sequence according to Formula (IV): XiSSTGAVTXXNY XN (SEQ 1D NO: 385),
wherein X;is A, G, or R, Xois Sor T, Xsis Gor §, and Xs is A, P, or V, a CDR-L2 comprising
the amino acid sequence according to Formula (V) GTX 2GRAP (SEQ ID NO: 386), wherein
Xyis K or N, and X3 is For K, and a CDR-L3 comprising the amino acid sequence according to
Formula (VI ALWYSX2OWY (SEQ ID NG: 387), wherein X1 is D, N, or T, and Xs is Lor R.
(80177 In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, wherein the first antigen-binding fragment comprises a
VH1 and a VL1 of an anti-CD3 antibody, the VHI comprises a heavy chain complementarity
determining region (CDR-H)} | comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 376, 390, 601, and 602, or a variant thereof comprising up to about 3
amino acid substitutions, a CDR-HZ comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 377, 391-394, and 603, or a variant thereof comprising up to about 3

amino acid substitutions, and a CDR-H3 comprising an amino acid sequence selected from the
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group consisting of SEQ ID NOs: 378, 395, 604, and 605, or a variant thereof comprising up to
about 3 amino acid substitutions; and the VL1 comprises a CDR-LI comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 396-398, and 606-609, or a variant
thereof comprising up to about 3 amino acid substitutions, a CDR-L2 comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 380 and 399, or a variant thereof
comprising up to about 3 amino acid substitutions, and a CDR-L3 comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 381, 400-401, and 610, or a variant
thereof comprising up to about 3 amino acid substitutions.

[8018] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, wherein the first antigen-binding fragment comprises a
VH1I and a VL1 of an anti-CD3 antibody, the VHI comprises a CDR-H1 comprising an amino
acid sequence selected from the group consisting of SEQ ID NOs: 376 and 390, or a variant
thereof comprising up to about 3 arnino acid substitutions, a CDR-H2 comprising an arnino acid
sequence selected from the group consisting of SEQ ID NOs: 391-394, or a variant thereof
comprising up to about 3 amino acid substitutions, and a CDR-H3 comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 378 and 395, or a variant thereof
comprising up to about 3 amino acid sabstifitions; and the VL1 comprises a CDR-L1 comprising
an amino acid sequence selected from the group consisting of SEQ 1D NOs: 396-39§, ora
variant thereof comprising up to about 3 amino acid substitutions, a CDR-L2 comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 380 and 399, 0ora
variant thereof comprising up to about 3 amino acid substitutions, and a CDR-L3 comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 381, and 400-401, or a
variant thereot comprising up to about 3 amino acid substitutions.

[8019] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, wherein the first antigen-binding fragment comprises a
VHI and a VL1 of an anti-CD3 antibody, the VHI comprises a heavy chain complementarity
determining region (CDR-H} 1 comprising the amino acid sequence of SEQ 1D NO: 382, 2
CDR-H2 comprising the amino acid sequence of SEQ ID NO: 383, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO: 384; and the VL1 comprises a light chain
complementarity determining region (CDR-L} 1 comprising the amino acid sequence of SEQ ID

NO: 385, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 386, and a CDR-L3
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comprising the amino acid sequence of SEQ 1D NO: 387, In some embodiments, the VH1
comprises a CDR-H1 comprising an amine acid sequence selected from the group consisting of
SEQ ID NOs: 376 and 390, a CDR-H2 comprising an amino acid sequence selected from the
eroup consisting of SEQ 1D NOs: 391-394, and a CDR-H3 comprising an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 378 and 395; and the VL1 comprises a
CDR-L1 comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:
396-398, a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 380 and 399, and a CDR-L3 comprising an amino acid sequence selected from the
group consisting of SEQ 1D NOs: 381, and 400-401. In some embodiments, the VH1 comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 376, a CDR-H2 comprising the
amino acid sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO: 378; and the VL1 comprises a CDR-L1 comprising the anuno acid sequence of
SEQ ID NO: 396, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and a
CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381, In some embodiments, the
VHT comprizes a COR-HI comprising the amino acid sequence of SEQ ID NO: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 392, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO: 395; and the VL1 comprises a CDR-L1 comprising the ammo acid
sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ 1D NG
380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400, In some
embodiments, the VHI comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO: 390, a CDR-H2 comprising the anuno acid sequence of SEQ 1D NO: 392, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 395; and the VL1 comprises a CBR-L1
comprising the amino acid sequence of SEQ ID NG: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 401, In some embodiments, the VH1 comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-HZ comprising the amino acid sequence of SEQ ID NO:
393, and 2 CDR-H3 comprising the amino acid sequence of SEQ D NO: 395; and the VLI
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NO: 397 a CDR-L2
comprising the amino acid sequence of SEQ 1D NG: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NG: 381, In some embodiments, the VHI comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NG: 376, a COR-H2 comprising the amino acid
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sequence of SEQ [D NO: 393, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 395; and the VL1 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO: 396, a CDR-L2 comprising the amino acid sequence of SEQ [D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 401, In some embodiments, the VH1
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 376, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG: 393, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NG: 395; and the VL1 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400. In some
embodiments, the VHI comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO: 376, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 395; and the VL1 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NOG: 398, a CDR-L2 comprising the amuno acid
sequence of SEQ D NO: 399, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NQ: 400. In some embodiments, the VHI comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
394, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG: 395; and the VL1
comprises a CDR-L1 comprising the aming acid sequence of SEQ ID NG: 397, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG: 380, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D NG: 381. In some embodiments, the VHI comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-H2 comprising the amino acid
sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 393; and the VL1 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO: 396, a CDR-L2 comprising the aming acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG: 381, In some embodiments, the VH1
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG 390, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG: 394, and a CDR-H3 comprising the aming
acid sequence of SEQ ID NG: 393; and the VL1 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 396, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381. In some

embodiments, the YVHI comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
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NG 376, a CDR-H2 comprising the amino acid sequence of SEG ID NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 378; and the VL1 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NO: 397, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ D
NO: 400. In some embodiments, the VHI comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO: 390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
394, and a CDR-H3 comprising the amino acid sequence of SEQ ID NQO: 395; and the VL1
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396, a CDR-L2
comprising the ammo acid sequence of SEQ ID NG: 380, and a CDR-L3 comprising the anino
acid sequence of SEQ 1D NG: 381, In some embodiments, the VHI comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-HZ comprising the arino acid
sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amine acid sequence of SEQ 1D
NO: 378; and the VL1 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NQO: 396, a CDR-L2 comprising the amino acid sequence of SEQ 1D NG: 380, and a CBR-L3
comprising the ammo acid sequence of SEQ ID NG: 381, In some embodiments, the VHI
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO: 378; and the VL1 comprises a CDR-L1 comprising the aming acid
sequence of SEQ ID NO: 396, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381. In some
embodiments, the VHI comprises a CBR-H1 comprising the amine acid sequence of SEQ 1D
NG: 390, a CDR-H2 comprising the amino acid sequence of SEQ ID NG: 391, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 378; and the VL1 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NO: 397, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 381. In some embodiments, the VHI1 comprises the amino acid sequence according to
Formula (VII):
EVQLVESGGGLVX(PGGSLRLSCAASGFTEFX X3 Y AIKUW VRQAPGKGLEWVXGRIRSKY
NNYATYY AXSVISGRFTISRD X e SKNTLYLQXoNSLRAEDTAVY YCX 1oRHGNX 11GX 128
YYSWFEFAYWGQGTLVTVSS (SEQ ID NO: 388), wherein X is Kor (3, XpisNor §, X515 S or
T, X4isHor N, XsisGor 8, Xsis DorE, X7isDor G, Xgis Dor N, XoisTorL, Xppis Aor 'V,

it
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XyisForY, Xizis NorT; and the VL1 comprises the amino acid sequence according to
Formula (V1)

XIAVVTQEPSLUTVSPGGTVTLTCXOSSTCAVTTSNY XaNW2XLQQKPGOAPRGLIGGTX sXe
RAPGX/PARFSGSLLGGKAALTLSGAQPEDEAEY YCALWYSXsXoWVFGGGTKLTVL
(SEQ ID NO: 389, wherein X is Eor Q, X0 s A, G, P,or R, Xais Aor P, XyisForV, Xsis K
or N, XeisFor K, X5is A, LT, or V, Xz is A, D, N, or T, and Xo is H or L. In some
embodiments, the VHI1 comprises an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 67, 402, 4035, 407, 409, 410, 412, 414-416, and 611-640, or a variant thereof
having at least about 80% sequence identity to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640; and the
VL1 comprises an amino acid sequence selected from the group consisting of SEQ 1D NOs: 6§,
403, 404, 406, 408, 411, 413, and 641-666, or a variant thereof having at least about 80%
sequence identity to an amino acid sequence selected from the group consisting of SEQ ID NOs:
63, 403, 404, 406, 408, 411, 413, and 641-666. In some erubodiments, the VHI comprises an
arnino acid sequence selected from the group consisting of SEQ ID NOs: 67, 402, 405, 407, 409,
410, 412, 414, 415, and 416; and the VL1 comprises an amino acid sequence selected from the
group consisting of SEQ 1D NOs: 68, 403, 404, 406, 408, 411, and 413. In some embodiments,
the VHT comprises the amino acid sequence of SEQ 1D NO: 388, and the VLT comprises the
amino acid sequence of SEQ ID NO: 389 In some embodiments, the VHI comprises an amino
actd sequence selected from the group consisting of SEQ 1D NQs: 402, 405, 407, 409, 410, 412,
414, 415, and 416; and the VL1 comprises an amino acid sequence selected from the group
consisting of SEQ 1D NQs: 403, 404, 406, 408, 411, and 413 In some embodiments, the VHI
comprises the amino acid sequence of SEQ D NO: 402, and the VL1 comprises the amino acid
sequence of SEQ ID NO: 403. In some embodiments, the VHI1 comprises the amino acid
sequence of SEQ 1D NOG: 402, and the VL1 comprises the amino acid sequence of SEQ ID NO:
404. In some embodimenis, the VH1 comprises the amino acid sequence of SEQ 1D NO: 405,
and the VL1 comprises the amino acid sequence of SEQ ID NO: 406, In some embodiments, the
VHI1 comprises the amino acid sequence of SEQ 1D NG: 407, and the VL1 comprises the amino
acid sequence of SEQ 1D NO: 404. In some embodiments, the VH1 comprises the amino acid
sequence of SEQ ID NO: 407, and the VL1 comprises the amino acid sequence of SEQ ID NO:
403. In some embodiments, the VH1 comprises the amino acid sequence of SEQ 1D NG 407,
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and the VL1 comprises the amino acid sequence of SEQ ID NO: 408. In some embodiments, the
VH1T comprises the amino acid sequence of SEQ 1D NO: 409, and the VL1 comprises the aming
acid sequence of SEQ 1D NG: 408, In some embodiments, the VHI comprises the amino acid
sequence of SEQ 1D NO: 410, and the VL1 comprises the amino acid sequence of SEQ ID NO:
411. In some embodiments, the VHI comprises the amino acid sequence of SEQ D NQO: 412,
and the VL1 comprises the amino acid sequence of SEQ 1D NO: 413, In some embodiments, the
VHI1 comprises the amino acid sequence of SEQ 1D NG: 410, and the VL1 comprises the amino
acid sequence of SEQ 1D NOG: 413, In some embodiments, the VH1 comprises the amino acid
sequence of SEQ ID NO: 414, and the VL1 comprises the amino acid sequence of SEQ ID NO:
403. In some embodiments, the VH1 comprises the amine acid sequence of SEQ 1D NG 415,
and the VLI comprises the amino acid sequence of SEQ ID NO: 413, In some embodiments, the
VHI comprises the amino acid sequence of SEQ 1D NO: 416, and the VL1 comprises the amino
acid sequence of SEQ ID NG: 413, In some embodiments, the VHI comprises the amino acid
sequence of SEQ ID NO: 416, and the VL1 comprises the ammo acid sequence of SEQ ID NO:
411, In some embodiments, the first antigen-binding fragment comprises the amuino acid
sequence of SEQ ID NO: 421, In some embodiments, the first antigen-binding fragment
comprises the amino acid sequence of SEQ ID NO: 422,

[802¢] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the MM comprises the amino acid sequence of
EVGSY (SEQ 1D NQO: 667) at the N-terminus of the MM 1. In some embodiments, the MM
comprises an amino acid sequence according to Formula (IX): PYDDPDCPSHXSDCDX: (SE(QQ
ID NO: 668), wherein X is I or E, and X» is N or Q. In some embodiments, the MM
comprises an amino acid sequence according to Formula (X). In some embodiments, the MM1
comprises the amino acid sequence of SEQ 1D NO: 417. In some embodiments, the MM1I
comprises the amino acid sequence of SEQ ID NO: 35. In some embodiments, the MMl
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 597-599.
[6421] In some embodiments according to any one of the activatable multispecific antibodies
described above, the CM1 comprises an amino acid sequence selected from the group consisting
of SEQ ID NGs: 77, 127-129, 418, 420, 431 and 477-490, and 516-555. In some embodiments,
the CM1 comprises the amino acid sequence of SEQ ID NO: 77 or 418.
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[8022] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the target antigen is a tumor antigen. In some
embodiments, the tumor antigen is selected from the group consisting of CD19, CD20, EpCAM,
CEA, PSMA, CD33, EGFR, HERZ, EphAZ, MCSP, ADAMIL7Y, PSCA, 17-A1, NKG2D, TROPZ,
CD798, Nectin-4, BCMA, CD22, CD38, EGFR, GD2, SLAMF7, CD30, EpCAM, MUCH,
MUCLS, CD123,CD37, FOLRL, MET, FLT3, GPC3, CEACAMS, CLDN18, CSF1, Integrin
alpha 5, NCAM1, PTPRC, CD138, NaPiZb, MSLN, DLL3, GPRCSD, GPNMB, ICAMI,
SSTR2, carcinoma associated antigen CTAAL6, CA9, ENG, ACVRLL, CD30, CSPG4, EGFL7,
FLT1, HAVCRI, HGF, HLA-DRB, IGFIR, TPBG, ERBB3, and STEAPZ. In some
embodirnents, the tumor antigen is HER2. In some embodiments, the tumor antigen is CD20. In
some embodiments, the tumor antigen is TROP2. In sorne embodiments, the tumor antigen is
BCMA. In some embodiments, the tumor antigen is CD19.

(64237 In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the target antigen 18 HERZ2. In some embodiments,
wherein the second antigen-binding fragment comprises a VH2 and a VL2 of an anti-HERZ
antibody, the VHZ comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
423, a CDR-H2 comprising the ammo acid sequence of SEQ ID NG: 424, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 71; and the VL2 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 72, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 74, In some embodiments, the VHZ comprises the amino acid sequence of SEQ ID N(O: 75,
and the VL2 comprises the aming acid sequence of SEQ ID NO: 76, In some embodiments, the
second antigen-binding fragment is fused to a second masking moiety (MM2} via a second
cleavable motety (CM2), wherein a) the MM2 comprises an amino acid sequence according to
Fornmula (X1): ESX1XCXaXuDPFXsC QX6 (SEQ 1D NO: 670), wherein X1 is D or B, X2 is A, F,
V,orY,XaisDorE XsisAor L, XsisDor E, and Xs is A, F, or Y; b) the MM2 comprises an
amine acid sequence according to Formula (X1 X X2 XXX s XsCXXsDPYECXe X0 (SEQ 1D
NO: 671, wherein X1 s A, H, or S, X0 is A, D, or 8, 2618 A, T, or V, Xais P, 5, or T, Xsis D or
E XsisAorV, X7isDorE, XsisAorL, XeisQ, S, or T, and X9 is A, H, or V; or ¢) the MM2
comprises an amino acid sequence according to Formula (XI): YNSDDDCX SXoYDPYTCYY
{(SEQ ID NO: 672), wherein X is A, I, or V, and X5 is H or R. In some embodimenis, the second
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antigen-binding fragment is fused to a second masking moiety (MM2) via a second cleavable
motety (CM2), wherein the MM2 comprises an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 36, 419, 432-476, and 491-515 In some embodiments, the MM2
comprises the amino acid sequence of SEQ ID NO: 419 In some embodiments, the CM2
comprises an anmino acid sequence selected from the group consisting of SEQ ID NOs: 77, 127-
129, 418, 420, 431 and 477-490, and 516-555. In some embodiments, the CM2 comprises the
amino acid sequence of SEQ D NO: 420. In some embodiments, the CM2 comprises the amino
acid sequence of SEQ ID NO: 77, In some embodiments, the multispecific or activatable
multispecitic antibody comprises: a first polypeptide comprising an anuno acid sequence having
at least 80% (e.g., at least 83%, 90%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ
1D NO: 425, a second polypeptide comprising an amino acid sequence having at least 80% (e.g.,
at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity with SEQ ID NO: 426, and a
third polypeptide comprising an amino acid sequence having at least at least 80% (e.g., at least
85%, 90%, 95%, 98%, or 99%; or 100%) sequence dentity with SEQ ID NO: 112, In some
embodiments, the multispecific or activatable multispecific antibody comprises: a first
polypeptide comprising an amino acid sequence having at least at least 80% (e.g., at least 85%,
90%, 95%, 98%, or 99%; or 100%) sequence identity with SEQ ID NO: 427 a second
polypeptide comprising an amino acid sequence having at least 80% {e.g., at least 85%, 90%,
95%, 98%, or 99%; or 100%) sequence dentity with SEQ ID NO: 428, and a third polypeptide
comprising an amino acid sequence having at least 80% {e.g., at least 85%, 90%, 95%, 98%, or
99%; or 100%) sequence identity with SEQ ID NO: 112, In some embodiments, the
multispecific or activatable multispecific antibody comprises: a first polypeptide comprising an
amino acid sequence having at least at least 80% {e.g., at least 85%, 90%, 95%, 98%, or 99%; or
100%) sequence identity with SEQ 1D NG: 429, a second polypeptide comprising an amino acid
sequence having at least at least 80% {e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%)
sequence identity with SEQ ID NO: 430, and a third polypeptide comprising an amino acid
sequence having at least at least 80% {e.g., at least 5%, 90%, 95%, 98%, or 99%:; or 100%)
sequence identity with SEQ ID NO: 115, In some embodiments, the multispecific or activatable
multispecific antibody comprises: a first polypeptide comprising an amino acid sequence having
at least at least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%:; or 100%) sequence identity

with SEQ 1D NO: 83, a second polypeptide comprising an amino acid sequence having at least at
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least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity with SEQ 1D
NO: 84, and a third polypeptide comprising an amino acid sequence having at least at least 80%
(e.g., at least 85%, 90%, 95%, 98%, or 99%, or 100%) sequence identity with SEQ ID NO: g5,
In some embodiments, the multispecific or activatable multispecific antibody comprises: a first
polypeptide comprising an amine acid sequence having at least at least 80% (e.g., at least 85%,
90%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ ID NO: 683, a second
polypeptide comprising an amine acid sequence having at least at least 0% (e.g., at least 85%,
90%, 95%, 98%, or 99%,; or 100%}) sequence identity with SEQ ID NO: 684, and a third
polypeptide comprising an amino acid sequence having at least at least 80% (e.g., at least 85%,
90%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ 1D NG: 685, In some
embodiments, the multispecific or activatable multispecific antibody comprises: a first
polypeptide comprising an amino acid sequence having at least 80% {e.g., at least 85%, 90%,
95%, 98%, or 99%; or 100%) sequence identity with SEQ ID NO: 425 optionally without the C-
termunal lysine, a second polypeptide comprising an amino acid sequence having at least 80%
{e.g., at least 85%, 90%, 95%, 98%, or 99%,; or 100%;) sequence identity with SEQ 13 KNO: 426
optionally without the C-termunal lysine, and a third polypeptide comprising an amino acid
sequence having at least at least 80% (e.g., at least 5%, 90%, 95%, 98%, or 99%; or 100%)
sequence wdentity with SEQ ID NO: 112, In some embodiments, the multispecific or activatable
multispecific antibody comprises: a first polypeptide comprising an amino acid sequence having
at least at least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity
with SEQ 1D NO: 427 optionally withoot the C-terminal lysine, a second polypeptide comprising
an amino acid sequence having at least 80% {e.g., at least 85%, 90%, 95%, 98%, or 99%; or
100%) sequence identity with SEQ ID NO: 428 optionally without the C-terminal lysing, and a
third polypeptide comprising an amino acid sequence having at least 80% {e.g., at least 85%,
0%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ ID NO: 112, In some
embodiments, the multispecific or activatable multispecific antibody comprises: a first
polypeptide comprising an amino acid sequence having at least at least 80% {e.g., at least 85%,
90%, 95%, 98%, or 99%: or 100%) sequence identity with SEQ 1D NO: 429 optionally without
the C-terminal lysine, a second polypeptide comprising an aming acid sequence having at least at
least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity with SEQ 1D

NO: 430 optionally without the C-terminal lysine, and a third polypeptide comprising an amino
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acid sequence having at least at least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%}
sequence identity with SEQ ID NO: 115. In some embodiments, the multispecific or activatable
multispecific antibody comprises: a first polypeptide comprising an amino acid sequence having
at least at least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity
with SEG 1D NO: 83, a second polypeptide comprising an amino acid sequence having at least at
least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity with SEQ ID
NO: 84 optionally without the C-terminal lysine, and a third polypeptide comprising an amino
acid sequence having at least at least 80% (e.g., at least 83%, 90%, 953%, 98%, or 99%,; or 100%)
sequence identity with SEQ 1D NO: 85 optionally without the C~terminal lysine. In some
embodiments, the multispecific or activatable multispecific antibody comprises: a first
polypeptide comprising an amino acid sequence having at least at least 80% (e.g., at least 85%,
90%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ ID NG: 683, a second
polypeptide comprising an amino acid sequence having at least at least 80% (e.g., at least 85%,
0%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ ID NO: 684 optioually without
the C-terminal lysine, and a third polypeptide comprising an amine acid sequence having at least
at least 80% (e.g., at least 5%, 90%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ
1D N{O: 685 optionally without the C-ternunal lysine. In some embodiments according to any
one of the multispecific or activatable multispecific antibodies described above, the multispecific
or activatable multispecific antibody comprises a mixture of heavy chain species, wherein some
species comprise the C-terminal lysine, and some species lack the C-terminal lysine.

[6424] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the target antigen 15 CD20. In some embodiments,
wherein the second antigen-binding fragment comprises a VH2 and a VL.2 of an anti-CD20
antibody, the VH2 comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
556, a CDR-HZ comprising the amino acid sequence of SEQ [D NO: 557, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 558; and the VL2 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 559, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 560, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 561, In some embodiments, wherein the second antigen-hinding fragment comprises a VH2
and a VL2 of an anti-CD20 antibody, the VHZ comprises a CDR-H1 comprising the amino acid

sequence of SEQ ID NO: 86, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
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557, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 558; and the VL2
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 559, a CDR-L2
comprising the amino acid sequence of SEQ ID NQ: 560, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO: 561. In some embodiments, the VHZ2 comprises the amino acid
sequence of SEQ ID NO: 562, and the VL2 comprises the amino acid sequence of SEQ 1D NO:
563. In some embodiments, the multispecific or activatable multispecific antibody comprises: a
first polypeptide comprising an amino acid sequence having at least 80% (e.g., at least §5%,
90%, 95%, 98%, or 99%,; or 100%) sequence identity with SEQ ID NO: 564, a second
polypeptide comprising an amino acid sequence having at least 80% (e.g., at least 85%, 90%,
5%, 98%, or 99%,; or 100%) sequence identity with SEQ D NO: 365, and a third polypeptide
comprising an amino acid sequence having at least at least 80% (e.g., at least 85%, 90%, 95%,
98%, or 99%; or 100%) sequence identity with SEQ 1D NO: 567, In some embodiments, the
multispecitic or activatable multispecific antibody comprises: a first polypeptide comprising an
amino acid sequence having at least 80% {e.g., at least 85%, 90%, 95%, 98%, or 99%,; or 100%}
sequence identity with SEQ ID NO: 564, a second polypeptide comprising an amimo acid
sequence having at least 80% (e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence
identity with SEQ ID NO: 565, and a third polypeptide comprising an amino acid sequence
having at least at least 830% (e.g., at least 85%, 90%;, 95%, 98%, or 99%; or 100%:} sequence
identity with SEQ ID NO: 569, In some embodiments, the multispecific or activatable
multispecific antibody comprises: a first polypeptide comprising an amino acid sequence having
at least 80% {(e.g., at least 85%, 90%, 95%, 98%, or 99%,; or 100%:} sequence identity with SEQ
i NO: 564, a second polypeptide comprising an amino acid sequence having at feast 80% {e.g.,
at least 85%, 90%, 95%, 98%, or 99%; or 100%:) sequence identity with SEQ D NO: 565
optionally without the C-terminal lysine, and a third polypeptide comprising an amino acid
sequence having at least at least 80% {e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%)
sequence identity with SEQ 1D NG: 567 optionally without the C-terminal lysine. In some
embodiments, the multispecific or activatable multispecific antibody comprises: a first
polypeptide comprising an amino acid sequence having at least 80% (e.g., at least 85%, 90%,
95%, 98%, or 99%,; or 100%) sequence identity with SEQ ID NO: 564, a second polypeptide
comprising an amino acid sequence having at least 80% {e.g., at least 85%, 90%, 95%, 98%, or

99%; or 100%) sequence identity with SEQ ID NO: 565 optionally without the C-terminal
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lysing, and a third polypeptide comprising an amino acid sequence having at least at least 80%
{e.g., at least 85%, 90%, 95%, 98%, or 99%; or 100%) sequence identity with SEQ 1D NO: 569
optionally without the C-terminal lysine. In some embodiments according to any one of the
multispecific or activatable multispecific antibodies described above, the multispecific or
activatable multispecific antibody comprises a mixture of heavy chain species, wherein some
species comprise the C-terminal lysine, and some species lack the C-terminal lysine.

[8025] In some embodiments according to any one of the multispectfic or activatable
multispecific antibodies described above, the multispecific or activatable multispecific antibody
comprises an Fe region. In sorne embodirnents, the Fc region is of the human IgG1l subclass. In
some ernbodiments, the Fe region is of the human IgG2 subclass. In sorne embodiments, the Fe
region is of the human IgG4 subclass. In some embodiments, the Fe region has enhanced ADCC
and/or cross-linking efficiency. In some erobodiments, the Fe region has reduced or no antibody-
dependent cell eytotoxicity (ADCC) effect and/or reduced or no cross-linking effect. In some
embodirents, the Fc region is of the haman IgG1 subclass and has an N297A amino acid
substitation.

[8026] In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, wheremn the multispecific or activatable multispecific
antibody comprises a first CH3 domain and a second CH3 domain, 1} the first CH3 domain
comprises a cysteine (C) restdue at position 390 and the second CH3 domain comprises a
cysteine residue at position 400, or the first CH3 domam comprises a cysteine residue at position
400 and the second CH3 domain comprises a cysteine residue at position 390; or 1) the first
CH3 domain comprises a cysteine residue at position 392 and the second CH3 domain comprises
a cysteine residue at position 397, or the first CH3 domain comprises a cysteine residue at
position 397 and the second CH3 domain comprises a cysteine residue at position 392; or 111) the
first CH3 domain comprises a cysteine residue at position 392 and the second CH3 domain
comprises a cysteine residue at position 400, or the first CH3 domain comprises a cysteine
residue at position 400 and the second CH3 domain comprises a cysteine residue at position 392;
and wherein the amino acid residue numbering is based on EU numbering. In some
embodiments, 1} the first CH3 domain comprises N390C substitution and the second CH3
domain comprises S400C substitution, or the first CH3 domain comprises S400C substitution

and the second CH3 domain comprises N390C substitution; or 11) the first CH3 domain
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comprises K392C substitution and the second CH3 domain comprises V397C substitution, or the
first CH3 domain comprises V397C substitution and the second CH3 domain comprises K392C
substitution; or it} the first CH3 domain comprises K392C substitution and the second CH3
domain comprises S400C substitution, or the first CH3 domain comprises S400C substitution
and the second CH3 domain comprises K392C substitution. In some embodiments, 1} the first
(CH3 domain further comprises a positively charged residue at position 357 and the second CH3
domain further comprises a negatively charged residue at position 351, or the first CH3 domain
further comprises a negatively charged residue at position 351 and the second CH3 domain
further comprises a positively charged residue at position 357; or 11} the first CH3 domain further
comprises a posttively charged residue at posttion 411 and the second CH3 domain further
comaprises a negatively charged residue at position 370, or the first CH3 domain further
comprises a negatively charged restdue at position 370 and the second CH3 domain further
comprises a positively charged residue at position 411; or 1) the first CH3 domain further
comprises a posttively charged residue at posttion 364 and the second CH3 domain further
comprises a negatively charged residue at position 370, or the first CH3 domain further
comprises a negatively charged residue at position 370 and the second CH3 domain further
comprises a positively charged residue at position 364; or a combimation of 1} and 11}, or a
combination of 1} and 111), and wherein the amino acid residue numbering 18 based on EUJ
numbering. In some embodiments, the first CH3 domain further comprises a positively charged
residue at position 356 and the second CH3 domain further comprises a negatively charged
residue at posttion 439, or first CH3 domain further comprises a negatively charged residue at
position 439 and the second CH3 domain further comprises a positively charged residue at
position 356; and wherein the amino acid residue numbering s based on EU numbering. In some
embodiments, 1) the positively charged residue is a tysine (K} residue, and the negatively charged
residue 15 an aspartic acid (D) residue; or 11} the positively charged residue is a lysine (K}
residue, and the negatively charged residue is a glutamic acid (B} residue; or i1} the positively
charged residue is an arginine (R) restdue, and the negatively charged residue s an aspartic acid
(D) residue; or ) the positively charged residue is an arginine (R} residue, and the negatively
charged residue 15 a glutamic acid (E) residue. In some embodiments, 1) the first CH3 domain
comprises E357K and T411K substitutions and the second CH3 domain comprises L3531D and

K370D substitutions, or the first CH3 domain comprises L3510 and K370D substitutions and
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the second CH3 domain comprises E357K and T411K substitutions; or it) the first CH3 domain
comprises E357K and S364K substitutions and the second CH3 domain comprises L3510 and
K370D substitutions, or the first CH3 domain comprises L3510 and K370D substitutions and
the second CH3 domain comprises E357K and S364K substitutions; or 111} the first CH3 domain
comprises D356K, E357K and $364K substitutions and the second CH3 domain comprises
L351D, K370D and K439 substitutions, or the first CH3 domain comprises L351D, K370D
and K439D substitutions and the second CH3 domain comprises D356K, E357K and 5364K
substitutions. In some embodiments, 1) the first CH3 domain further comprises K392D and
K409D substitutions and the second CH3 domain further comprises D356K, and D399K
substitutions, or the first CH3 domain further comprises D336K and D399K substitutions and the
second CH3 domaim further comprises K392D and K409D substitutions; or 1) the first CH3
domain further comprises L368D and K370S substitutions and the second CH3 domain further
comprises E3570Q and $364K substitutions, or the first CH3 domain further coraprises E357Q
and S364K substitutions and the second CH3 domain further compnises L3680 and K3708
substitutions; or 1) the first CH3 domain further comprises L351K and T366K substitotions and
the second CH3 domam further comprises L351D and L363E substitutions, or the first CH3

domain further comprises L351D and L368E substitutions and the second CH3 doman further

395K, P396K and V397K substitutions and the second CH3 domain comprises T394D, P395D
and P396D substitutions, or the first CH3 domain further comprises T394D, P395D and P3%6D
substitutions and the second CH3 domain further comprises P393K, P396K and V397K
substitutions; or {v) the first CH3 domain further comprises F405E, Y407E and K409E
substitutions and the second CH3 domain comprises F405K and Y407K substitutions, or the first
CH3 domain further comprises F405K and Y407K substitutions and the second CH3 domain
further comprises FA05E, Y407E and K409E substitutions.
(80277 In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, wherein the multispecific or activatable multispecific
antibody comprises a first CH3 domain and a second CH3 domain, the first CH3 domain
comprises E3537K, §364K and N390C substitutions and the second CH3 domain comprises
L3510, K370D, and S400C substitutions, or the first CH3 domain comprises L3510, K370D,
and 8400C substitutions and the second CH3 domain comprises E357K, 8364K and N390C
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substitutions. In some embodiments, the first CH3 domain comprises E357K, 8364K and S400C
substitutions and the second CH3 domain comprises £351D, K370D, and N390C substitutions,
or the first CH3 domain comprises £351D, K370D, and N390C substitutions and the second
CH3 domain comprises E357K, 8364K and S400C substitutions. In some embodiments, the first
CH3 domain comprises D356K, E357K, S364K and S400C substitutions and the second CH3
domain comprises L3510, K370D, N390C and K439D substitutions, or the first CH3 domain
comprises L3510, K370D, N390C and K439D substitutions and the second CH3 domain
comprises D356K, E357K, S364K and S400C substitutions. In some embodiments, the first CH3
domain comprises D356K, E357K, §364K and N390C substitutions and the second CH3 domain
comprises L3510, K370D, K439D and S400C substitutions, or the first CH3 domain comprises
L351D, K370D, k439D and S400C substitutions and the second CH3 domain comprises
D356K, E357K, 8364K and N390C substitutions.

(84287 In some embodiments according to any one of the multispecific or activatable
multispecific antibodies described above, the multispecific or activatable multispecific antibody
15 a bispecific antibody.

[802%] One aspect of the present application provides an 1solated antibody or antigen-binding
fragment thereof that specifically binds CD3 (“auti-CD3 antibody™}, comprising: a VH
comprising a heavy chain complementarity determining region (CDR-H} | comprising the amino
acid sequence according to Formuula (I X3 YAXRX 3 (SEQ 1D NO: 382), wherein Xy is D, §, or T,
Xois 1, L, or M, and Xz is N or T, a CDR-H2 comprising the amino acid sequence according to
Formula (J): RIRSKYNNYATYYAX: XoVE X3 (SEQ ID NO: 383), wherein Xiis D or E, X218
SorT,and X2is D, G, or §, and a CDR-H3 comprising the amino acid sequence according to
Formula (HI): HONXGGXSYVEXaXUAY (SEQ ID NO: 384), wherein X is For Y, Xois Noor
T, X3is WorY, and X4is For W; and by a VL comprising a CDR-L1 comprising the amino acid
sequence according to Formula (IV): X SSTGAVTXXaNY XN (SEQ ID NO: 385), wherein X,
SAGorR X2isSorT, XaisGorS, and Xeis A, P, or V, a CDR-L2 comprising the amino
acid sequence according to Formmula (V): GTX: XoRAP (SEQ ID NO: 386), wherein X1 is K or
N, and X2 is F or K, and a CDR-L3 comprising the amino acid sequence according to Formula
(VI ALWYSX XOoWY (SEQ ID NO: 387), wherein X1 is D, N, or T, and X» is L or R. In some
embodiments the VH comprises a heavy chain complementarity determining region (CDR-H} 1

comprising an amino acid sequence selected from the group consisting of SE(Q ID NOs: 376,
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390, 601, and 602, or a variant thereof comprising up to about 3 amino acid substitutions, a
CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ 1D
NOs: 377, 391-394, and 603, or a variant thereof comprising up to about 3 amino acid
substitutions, and a CDR-H3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 378, 395, 604, and 605, or a variant thereof comprising up to about 3
aminc acid substitutions; and the VL comprises a CDR-LI comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 396-398, and 606-609, or a variant thereof
comprising up to about 3 amino acid substitations, a CDR-L2 corprising an amnino acid
sequence selected from the group consisting of SEQ 1D NOs: 380 and 399, or a variant thereof
comprising up to about 3 amino acid substitutions, and a CDR-L3 comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 381, 400-401, and 610, or a variant
thereof comprising up to about 3 amino acid substitutions. In some embodiments the VH
comprises a CDR-HI comprising an arnino acid sequence selected from the group consisting of
SEQ ID NOs: 376 and 390, or a variant thereof comprising up to about 3 amino acid
substitations, a CDR-H2 comprising an amino acid sequence selected from the group consisting
of SEQ 1D NOs: 391-394, or a variant thereof comprising up to about 3 amino acid substitutions,
and a CDR-H3 comprising an amino acid sequence selected from the group consisting of SEQ
1D NQOs: 378 and 395, or a variant thereof comprising up to about 3 amino acid substitutions; and
the VL comprises a CDR-L1 comprising an amino acid sequence selected from the group
consisting of SEQ 1> NOs: 396-398, or a variant thereof comprising up to about 3 amino acid
substitutions, a CDR-L2 comprising an amino acid sequence selected from the group consisting
of SEC ID NOs: 380 and 399, or a variant thereof comprising up to about 3 amino acid
substitutions, and a CDR-L3 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 381, and 400-401, or a variant thereof comprising up to about 3
amine acid substitutions. In some embodiments, the VH comprises a CDR-H1 comprising the
amino acid sequence of SEQ 1D NO: 382, a CDR-H2 comprising the amino acid sequence of
SEG ID NO: 383, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG: 384; and
a VL comprising a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 385, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG: 386, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NG: 387, In some embodiments, the VH comprises a CDR-H1

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 376 and
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390, a CDR-H2 comprising an amino acid sequence seiected from the group consisting of SEQ
1D NQOs: 391-394, and a CDR-H3 comprising an amino acid sequence selected from the group
consisting of SEQ D NOs: 378 and 395; and the VL comprises a CDR-L1 comprising an amino
acid sequence selected from the group consisting of SEQ 1D NOs: 396-398, a CDR-L2
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 380 and
399, and a CDR-L3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NQGs: 381, and 400-401. In some embodiments, the VH comprises a COR-H1
comprising the amino acid sequence of SEQ ID NG: 376, a CDR-H2 comprising the anmuino acid
sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NO: 378; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
396, a CDR-LZ comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the anmino acid sequence of SEQ 1D NO: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 392, and a CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 395; and the VL corprises a CDR-L1 comprising the amino acid

380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400, In some
embodiments, the VH comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 392, and a CDR-H3
comprising the amino acid sequence of SE(Q ID NO: 395; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ D
NQO: 401. In some embodiments, the VH comprises a CBR-HI comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-HZ comprising the amino acid sequence of SEQ ID NO:
393, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 397 a CDR-1L2
comprising the amino acid sequence of SEQ 1D NG: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NG: 381, In some embodiments, the VH comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NG: 376, a COR-H2 comprising the aming acid
sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 398; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:
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396, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 401, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 376, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG: 393, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NG: 395; and the VL comprises a CDR-L1 comprising the aming acid
sequence of SEQ 1D NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 400. In some
embodiments, the VH comprises a CDR-HI comprising the amino acid sequence of SEQ D NO:
376, a CDR-H2 cornprising the amine acid sequence of SEQ 1D NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 395; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NOG: 398, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 399, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NGO: 400. In some embodiments, the VH comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
394, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 397, a CDR-L2
comprising the ammo acid sequence of SEQ ID NG: 380, and a CDR-L3 comprising the anuno
actd sequence of SEQ ID NG: 381, In some embodiments, the VH comprises a CDR-HI
comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-H2 comprising the amino acid
sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 395; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ I NG:
396, a CDR-L2 comprising the aming acid sequence of SEQ ID NO: 380, and a CBR-L3
comprising the amino acid sequence of SEQ 1D NG: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 390, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG: 394, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO: 395; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 396, a CDR-L2 comprising the aming acid sequence of SEQ ID NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381. In some
embodiments, the VH comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
376, a CDR-H2 comprising the amine acid sequence of SEQ ID NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 378; and the VL comprises a CDR-L1
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comprising the amino acid sequence of SEQ ID NQG: 397, a CBR-L2 comprising the amino acid
sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ D
NO: 400. In some embodiments, the VH comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO: 390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
394, and a CDR-H3 comprising the amino acid sequence of SEQ ID NQO: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG: 396, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the anino
acid sequence of SEQ ID NG: 381, In some embodiments, the VH comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-HZ comprising the amino acid
sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amine acid sequence of SEQ 1D
NO: 378; and the VL comprises a CDR-L1 coroprising the amino acid sequence of SEQ ID NO:
396, a CDR-L2 comprising the amuno acid sequence of SEQ ID NO: 380, and a CDR-L3
comprising the ammno acid sequence of SEQ 1D NG: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO: 378; and the VL comprises 2 CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 396, a CDR-L2 comprising the aming acid sequence of SEQ ID NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381, In some
embodiments, the VH comprises a CBR-HI comprising the amino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 378, and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NG: 381, In some embodiments, the VH comprises the amino acid sequence according to
Formula (VI

EVQLVESGGGLY XiPGGSLRLSCAASGFTFX XY ADGWVRQAPGKGLEW VY XRIRSKY
NNYATYYAXSVIOGRFTISRD XeSKNTLYLQXoNSLRAEDTAVYYCX (oRHGNX 11GX 128
YVSWFAYWGQGTLVTVSS (SEQ ID NG: 388), wherein X is Kor 3, XzisNor 5, Xs5is S or
T, XsisHor N, Xs5isGor S, XsisDorE, X7isDor G, XgisDor N, XoisTaor L, Xppis Aor V,
Xuis For Y, Xi2is N or T; and the VL comprises the amino acid sequence according to

Formula (VI

26



WO 2022/171192 PCT/CN2022/076000

XAVVTQEPSLTVSPGGTVTLTCXSSTOAVTTSNY XaNWXGQUKPGQAPRGLIGGTX sXe
RAPGXPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSXgXoWVFGGGTKLTVL
(SEQ ID NO: 389, wherein X1 is Eor Q, X018 A, G, P,or R, Xais AorP, XyisForV, Xsis K
or N, XeisForK, Xyis A, L T,0orV, Xgi1s A, D, N, or T, and Xois Hor L. In some
embodiments, the VH comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640, or a variant thereof
having at least about 80% sequence identity to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640; and the VL
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 68, 403,
404, 406, 408, 411, 413, and 641-666, or a variant thereof having at least about 80% sequence
identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 68, 403,
404, 406, 408, 411, 413, and 641-666. In some embodiments, the VH comprises an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 67, 402, 403, 407, 409, 410, 412,
414, 415, and 416; and the VL comprises an amino acid sequence selected from the group
consisting of SEQ ID NOs: 68, 403, 404, 406, 408, 411, and 413, In some embodiments
according to any one of the 1solated anti-CD3 antibodies or antigen-binding fragments thereof,
the VH comprises an amino acid sequence selected from the group consisting of SEQ I NOs:
402, 405, 407, 409, 410, 412, 414, 415, and 416; and the VL comprises an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 403, 404, 406, 408, 411, and 413. In some
embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 388, and the VL
comprises the amino acid sequence of SEQ ID NO: 389, In some embodiments, the VH
comprises the amino acid sequence of SEQ D NQ: 402, and the VL comprises the amuno acid
sequence of SEQ 1D NO: 403, In some embodiments, the VH comprises the amino acid sequence
of SEQ 1D NO: 402, and the VL comprises the amino acid sequence of SEQ 1D NO: 404 In
some embodiments, the VH comprises the amino acid sequence of SE(Q ID NO: 403, and the VL
comprises the amino acid sequence of SEQ 1D NG: 406, In some embodiments, the VH
comprises the amino acid sequence of SEQ D NO: 407, and the VL comprises the amino acid
sequence of SEQ ID NO: 404, In some embodiments, the VH comprises the amino acid sequence
of SEQ ID NO: 407, and the VL comprises the aming acid sequence of SEQ ID NO: 403 In
some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 407, and the VL

comprises the amino acid sequence of SEQ ID NG: 408. In some embodiments, the VH



WO 2022/171192 PCT/CN2022/076000

comprises the amino acid sequence of SEQ 1D NO: 409, and the VL comprises the amino acid
sequence of SEQ 1D NO: 408, In some embodiments, the VH comprises the aming acid sequence
of SEQ 1D NO: 410, and the VL comprises the amino acid sequence of SEQ 1D NO: 411, In
some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 412, and the VL
comprises the amino acid sequence of SEQ ID NO: 413, In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 410, and the VL comprises the amino acid
sequence of SEQ ID NO: 413, In some embodiments, the VH comprises the amine acid sequence
of SEQ ID NO: 414, and the VL comprises the amino acid sequence of SEQ 1D NO: 403 Tn
some embodiments, the VH comprises the amino acid sequence of SEQ ID NO: 415, and the VL
comprises the amino acid sequence of SEQ ID NO: 413, In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 416, and the VL comprises the anuno acid
sequence of SEQ ID NO: 413, In some embodiments, the VH comprises the amino acid sequence
of SEQ ID NO: 416, and the VL comprises the amino acid sequence of SEQ ID NO: 411

[843¢] In some embodiments according to any one of the isolated anti-CD3 antibodies or
antigen-binding fragments thereof, the anti-CD3 antibody further comprises a second antigen-
binding fragment that specifically binds a target antigen. In some embodiments, the target
antigen s a tumor antigen. In some embodiments, the tumor antigen 15 selected from the group
consisting of CB1S, CD20, EpCAM, CEA, PSMA, CD33, EGFR, HERZ, EphAZ2, MCSP,
ADAMI7, BSCA, 17-A1, NKG2ZD, TROP2, CD79B, Nectin-4, BCMA, CD22, CD38, EGFR,
GD2, SLAMF7, CD30, EpCAM, MUCI, MUCI16, CD123,CD37, FOLR1, MET, FLT3, GPC3,
CEACAMS, CLDN18, CSFI, Integrin alpha 5, NCAMI, PTPRC, CD138, NaPiZb, MSLN,
DLL3, GPRCSD, GPNMB, ICAM1, S8TR2, carcinoma associated antigen CTAA16, CA9,
ENG, ACVRLI, CD80O, CSPG4, EGFL7, FLT1, HAVCRI, HGF, HLA-DRB, IGFIR, TPBG,
ERBB3, and STEAPZ. In some embodiments, the tumor antigen 1s HERZ. In some embodiments,
the tumor antigen is CD20. In some embodiments, the tumor antigen 1s TROPZ. In some
embodiments, the tumor antigen 1s BCMA. In some embodiments, the tumor antigen 1s CD19.
[80¢31] One aspect of the present application provides an activatable antibody (“activatable anti-
CD3 antibody™), comprising, from N-terminus to C-terminus, a masking moiety (MM}, a
cleavable moiety (CM}, and a CD3-binding moiety, wherein: a) the CD3-binding moiety
comprises a VL and the activatable antibody further comprises a second polypeptide comprising

a VH; b) the CD3-binding motety comprises a VH and the activatable antibody further comprises
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a second polypeptide comprising a VL; ¢} the CD3-binding moiety comprises from the N-
terminus to the C-terminus, a VL and a VH; or d) the CD3-binding moiety comprise from the N-
terminus to the C-terminus, a VH and a VL; wherein the CM comprises a cleavage site; wherein
the MM mhibits binding of the activatable antibody to CD3 when the CM is not cleaved,;
wherein the activatable antibody binds CD3 via the VH and the VL when the UM is cleaved; and
wherein the activatable antibody binds CD3 with half-maximal binding at a concentration of
antibody (ECso) that is at least 10 oM {e.g¢., at least 50 nM, or at least 100 nM, or about 110 nM)
as determined by an enzyme-hnked immunosorbent assay (ELISA). In some embodiments, the
first antigen-binding fragment 1s a scfFv, such as an solated anti-CD3 sclv, an 1solated anti-CD3
selv-Fe fusion protein, or an anti-CD3 scFv fragment in a multispecific {e.g., bispecific)
antibody or an activatable multispecific antibody in an activated form (i.e., with CM1 cleaved),
when used to determine the ECse. In some embodiments, the ECse is determined using the
ELISA assay as described in Example 5.

[8432] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the first antigen-binding fragment binds CD3 with & dissociation constant (Kd)
of at least 50 oM. In some embodiments, the first antigen-binding fragment 1s a scFv, such as an
1solated anti-CD3 scFy, an 1solated anti-CD3 scFv-Fc fusion protein, or an anti-CD3 scFy
fragment in a multispecific (e.g., bispecific) antibody or an activatable multispecific antibody in
an activated form (7.e., with CM1 cleaved), when used to determine the Kd.

[8333] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the MM comprises the amino acid sequence of EVGSY (SEQ I NO: 667) at
the N-terminus of the MM. In some embodiments, the MM comprises an amino acid sequence
according to Formula (IX): PYDDPDCPSHXSDCDX, (SEQ 1D NO: 668), wherein X1 is D or
E, and X7 is N or Q. In some embodiments, the MM comprises an amino acid sequence
according to Formula (X): X1 XXsDXuXsCKe XD X XoX 10U X1 1X12 (SEQ 1D NO: 669), wherein
XitsAor D, Xois A, D,orP, Xais D, Hoor P, XsisFor P, XsisDor P, XeisDor P, X7is A or
PXeisD NorP, Xois AN, or P, Xyois D, HLor S, XnnisH,Por Y, and Xizis N, P,or Y. In
some embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 35, In some
embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 417 In some
embodiments, the MM comprises an amino acid sequence selected from the group consisting of

SEQ ID NOs: 585-588 and 597-591. In some embodiments, the CD3 is human CD3.

29



WO 2022/171192 PCT/CN2022/076000

[8034] One aspect of the present application provides an activatable antibody (“activatable anti-
CD3 antibody™), comprising, from N-terminus to C-terminus, a masking moiety {MM), a
cleavable moiety (CM), and a CD3-binding moiety, wherein: a) the CD3-binding motety
comprises a VL and the activatable antibody further comprises a second polypeptide comprising
a VH; b} the CD3-binding moiety comprises a VH and the activatable antibody further comprises
a second polypeptide comprising a VL; ¢} the CD3-binding moiety comprises from the N-
terminus to the C-terminus, a VL and a VH; or d) the CD3-binding moiety comprise from the N-
terminus to the C-terminus, a VH and a VL; wherein the CM comprises a cleavage site; wherein
the MM mnhibits binding of the activatable antibody to CDD3 when the CM 13 not cleaved,;
wherein the activatable antibody binds CD3 via the VH and the VL when the CM 1s cleaved; and
wherein a) the MM comprises the amino acid sequence of EVGSY (SEQ 1D NO: 667) at the N-
terminus of the MIM; b) the MM comprises an armnino acid sequence according to Formula (X
PYDDPDCPSHXSDCDX, (SEQ 1D NO: 668), wherein X is D or B, and X2 is N or Q; or ¢) the
MM comprises an amino acid sequence according to Formula (X):

KXo XKD XaXsCXeX7DXeXoXoUX 11 X2 (SEQ ID NO: 669), wherein X1is A or D, X215 A, D,
or P, Xsis D H, or P, XuisForP, Xs S BorP, XsisDor P, X7is Aor P, Xegis D, N, or P, Xois
AN orP, Xpois B, H,or §, XpnisH, P,or Y, and Xi2 13 N, P, or Y. In some embodiments, the
MM comprises the amino acid sequence of SEQ ID NQOs: 35, 417, 585-588, and 597-599. In
some embodiments, the CD3 13 human CD3.

[8335] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the activatable anti-CD3 antibody comprises an anti-CD3 antigen-binding
fragment selected from the group consisting of a Fab, a Fv, a scFab and a scFv. In some
embodiments, the anti-CD3 antigen-binding fragment is a scFv. In some embodiments, the scFv
comprises trom the N-terminus to the C-terminus, the VL, a linker and the VH.

[0436] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the VH comprising a heavy chain complementarity determining region (CDR-
H) 1 comprising the amino acid sequence according to Formula (I): Xi Y AX2X: (SEQ ID NO:
382y, wherein X1 is D, S, or T, Xpis L, L, or M, and X3 is N or T, a CDR-HZ2 comprising the
aming acid sequence according to Formula (II): RIRSKYNNYATYYAX  Xo VKX (SEQ 1D NO:
383), wherein X1is Dor E, X2 is Sor T, and Xz is D, (5, or 8, and a CDR-H3 comprising the
amino acid sequence according to Formula () HOGNXGXoSYVSXGXKUAY (SEQ ID NO:
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384y, wherein Xy isFor Y, Xz isNor T, XsisWor Y, and X4 is For W: and b) the VL
comprising a CDR-L1 comprising the amino acid sequence according to Formula (IV):
XaSSTGAVTXXGNY XN (SEQ ID NO: 385), wherein X1 is A, G, or R, Xsis Sor T, X2 is Gor
S, and X4 15 A, P, or V, a CDR-L2 comprising the amino acid sequence according to Formula
(V) GTX XORAP (SEQ 1D NO: 3863, wherein X115 K or N, and X5 is For K, and a CDR-L3
comprising the amino acid sequence according to Formula (VI): ALWYSX20WY (SEQ ID NG
387), wherein X is D, N, or T, and X5 is L or R. In some embodiments the VH comprises a
heavy chain complementarity determining region (CDR-H} | coraprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 376, 390, 601, and 602, or a
variant thereof comprising up to about 3 arnino acid substitutions, a CDR-H2 comprising an
amino acid sequence selected from the group consisting of SEQ 1D NQs: 377, 391-394, and 603,
or a variaot thereof comprising up to about 3 amino acid substitutions, and a CDR-H3
corprising av amino acid sequence selected from the group consisting of SEQ 1D NOs: 37§,
305, 604, and 605, or a variant thereof comprising up to about 3 amino acid substitutions; and the
VL comprises a CDR-L1 comprising an amino acid sequence selected from the group consisting
of SEQ 1D NOs: 396-398, and 606-609, or a variant thereof comprising up to about 3 amino acid
substitutions, a CDR-L2 comprising an amino acid sequence selected from the group consisting
of SEQ ID NOGs: 380 and 399, or a variant thereof comprising up o about 3 amino acid
substitntions, and a CDR-L3 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 381, 400-401, and 610, or a variant thereof comprising up to about 3
amino acid substitutions. In some embodiments the VH comprises a CDR-HI comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 376 and 390, or a
variant thereof comprising up to about 3 amino acid substitutions, a CDR-H2 comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 391-394, or a variant
thereof comprising up to about 3 aminc acid substitutions, and 2 COR-H3 comprising an amino
acid sequence selected from the group consisting of SEQ ID NOs: 378 and 395, or a variant
thereof comprising up to about 3 amino acid substitutions; and the VL comprises a CDR-L1
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 396-
398, or a variant thereof comprising up to about 3 amino acid substitations, a CDR-L2
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 380 and

399, or a variant thereof comprising up to about 3 amino acid substitations, and a CDR-L3
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comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 381, and
400-401, or a variant thereof comprising up to about 3 amino acid substitutions. In some
embodiments, the VH comprises a CDR-H1 comprising the amine acid sequence of SEQ 1D NO:
382, a CDR-HZ comprising the amino acid sequence of SEQ 1D NO: 383, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 384; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 385, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 386, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 387, In some embodiments, the VH comprises a CDR-H1 comprising an amino gcid
sequence selected from the group consisting of SEQ ID NOs: 376 and 390, a CDR-H2
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 391-
394, and a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 378 and 395; and the VL comprises a CDR-L1 comprising an amino acid sequence
selected from the group consisting of SEQ 1D NQs: 396-398, a CDR-L2Z comprising an anuno
acid sequence selected from the group consisting of SEQ ID NQOs: 380 and 399, and a CDR-L3
comprising an amino acid sequence selected from the group consisting of SEQ ID NGs: 381, and
400-401. In some embodiments, the VH comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO: 376, a CDR-HZ comprising the amino acid sequence of SEQ ID NO:
391, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 378; and the VL
comprises a CDR-L1 compnising the amino acid sequence of SEQ ID NO: 396, a CDR-L.2
comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO: 381, In some embodiments, the VH comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-HZ comprising the amino acid
sequence of SEQ 1D NO: 392, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NO: 395; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:
397, a CDR-L2 comprising the amino acid sequence of SEQ D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO: 400. In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 392, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO: 395; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ 1D NO: 396, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 401, In some
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embodiments, the VH comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 395; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 397, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 381. In some embodiments, the VH comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO: 376, a CDR-HZ comprising the amino acid sequence of SEQ ID NO:
393, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396, a CDR-1L.2
comprising the amino acid sequence of SEQ ID NG: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NG: 401, In some embodiments, the VH comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NG: 376, 3 CDR-H2 comprising the anuno acid
sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NQO: 395; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
397, a CDR-L2Z comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ ID N(: 400, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NG: 376, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NG: 395; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 398, a CDR-L2 comprising the amino acid sequence of SEQ 12 NO:
399, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400, In some
embodiments, the VH comprises a CBR-H1 comprising the amino acid sequence of SEQ ID NG
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 394, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 395; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 397, a CDR-L2 comprising the amino acid
sequence of SEQ [D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 381, In some embodiments, the VH comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-HZ comprising the amino acid sequence of SEQ I3 NO:
391, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396, a CDR-L2

comprising the amino acid sequence of SEQ 1D NG: 380, and a CDR-L3 comprising the amino
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acid sequence of SEQ 1D NG: 381, In some embodiments, the VH comprises a CBR-H1
comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-H2 comprising the anuno acid
sequence of SEQ ID NO: 394, and a CDR-H3 comprising the amine acid sequence of SEQ 1D
NO: 395; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:
396, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 376, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO: 378; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400. In some
embodients, the VH comprises a CDR-HI1 comprising the amino acid sequence of SEQ D NO:
390, a CDR-H2 cormprising the amine acid sequence of SEQ 1D NO: 394, and a CDR-H3
comprising the amino acid sequence of SEQ ID N 395; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NOG: 396, a CBR-L2 comprising the amino acid
sequence of SEQ D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NQ: 381, In some embodiments, the VH comprises a CBR-HI comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-HZ comprising the amuno acid sequence of SEQ ID NO:
393, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 378; and the VL
comprises a UDR-L1 comprising the amino acid sequence of SEQ I NO: 396, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NG: 381, In some embodiments, the VH comprises a CDR-HI
comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-H2 comprising the amino acid
sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 378; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:
396, a CDR-L2 comprising the aming acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NG: 391, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO: 378; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 397, a CDR-L2 comprising the aming acid sequence of SEQ ID NO:
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380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381, In some
embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 388, and the VL
comprises the amino acid sequence of SEQ 1D NO: 389

[8037] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the VH comprises the amino acid sequence according to Formula (VI
EVQLVESGGGLVY X (PGGSLRLSCAASGFTFXOXGY ARGW VROAPGKGLEWVXRIRSKY
NNYATYYAXSVEKXGRFTISRDXGSKNTLYLQXoNSLRAEDTAVYYCUX (oRHGNX  GX 28
YVEWFAYWGQGTLVTVSS (SEQ ID NO: 388), wherein Xyis K or Q, XpisNor 8, Xsis S or
T, XaisHor N, XsisGor S, XeisDorE, X7isBor G, XgisDor N, Xoisfor L, Xpis Aor V,
XirisForY, Xizis Nor T; and the VL comprises the amino acid sequence according to
Formula (VI

XiAVVTQEPSLTVSPGGTVTLTCXSSTGAVTTSNY XGNWXGQOKPGQAPRGLIGGTX s X,
RAPGX,PARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSXeXoWVFGGGTKLTVL
BEQIDNO: 389, wherein Xy s Eor 3, Xo1s A, G, P,or R, Xais Aor P Xais For V, Xsis K
or N, XegisForK, X7is A, LT, orV, Xsis A, D, N, or T, and Xois Hor L. In some
embodiments, the VH comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640, or a variant thereof
having at least about 80% sequence identity to an amino acid sequence selected from the group
consisting of SEQ ID NQOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640; and the VL
comprises an amino acid sequence selected from the group consisting of SEQ ID NGs: 6§, 403,
404, 406, 408, 411, 413, and 641-666, or a variant thereof having at least about 80% sequence
identity to an amino acid sequence selected from the group consisting of SE(Q ID NOs: 68, 403,
404, 406, 408, 411, 413, and 641-666. In some embodiments, the VH comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412,
414, 415, and 416; and the VL comprises an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 68, 403, 404, 406, 408, 411, and 413.

[6438] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the VH comprises an amino acid sequence selected from the group consisting
of SEQ ID NOs: 402, 405, 407, 409, 410, 412, 414, 415, and 416; and the VL comprises an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 403, 404, 406, 408,

411, and 413. In some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO:
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402, and the VL comprises the amino acid sequence of SEQ ID NO: 403, In some embodiments,
the VH comprises the amino acid sequence of SEQ 1D NO: 402, and the VL comprises the amino
acid sequence of SEQ 1D NG: 404, In some embodiments, the VH comprises the amino acid
sequence of SEQ 1D NO: 405, and the VL comprises the amino acid sequence of SEQ 1D NO:
406. In some embodiments, the VH comprises the amino acid sequence of SEQ ID NO: 407, and
the VL comprises the amino acid sequence of SEQ ID NO: 404, In some embodiments, the VH
comprises the amino acid sequence of SEQ D NO: 407, and the VL comprises the amino acid
sequence of SEQ ID NO: 403, In some embodiments, the VH comprises the amino acid sequence
of SEQ I NO: 407, and the VL comprises the amino acid sequence of SEQ 1D NO: 408 In
some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 409, and the VL
comprises the amino acid sequence of SEQ ID NO: 408, In some embodiments, the VH
comprises the amine acid sequence of SEQ ID NO: 410, and the VL comprises the amino acid
sequence of SEQ ID NO: 411, In some embodiments, the VH comoprises the arino acid sequence
of SEQ ID NO: 412, and the VL comprises the amino acid sequence of SEQ ID NO: 413. In
some embodiments, the VH comprises the amino acid sequence of SEQ ID NO: 410, and the VL
comprises the amino acid sequence of SEQ 1D NO: 413, In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 414, and the VL comprises the anuno acid
sequence of SEQ ID NO: 403, In some embodiments, the VH comprises the ammo acid sequence
of SEQ ID NO: 415, and the VL comprises the amino acid sequence of SEQ ID NO: 413. In
some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 416, and the VL
comprises the amino acid sequence of SEQ ID NO: 413, In some embodiments, the VH
comprises the amino acid sequence of SEQ D NG: 416, and the VL comprises the amino acid
sequence of SEQ 1D NG: 411. In some embodiments, the CD3-binding moiety comprises the
aming acid sequence of SEQ [D NO: 421 or SEQ 1D NO: 422.

[4439] In some embodiments according to any one of the activatable anti-CD3 antibodies
described above, the CM comprises an amino acid sequence selected from the group consisting
of SEQ ID NQOs: 77, 127-129, 418, 420, 431 and 477-490, and 516-555. In some embodiments,
the CM comprises the amino acid sequence of SEQ 1D NO: 77 or 418,

(80467 One aspect of the present application provides a masked antibody (“masked anti-CD3
antibody™}, comprising, from N-terminus to C-terminus, a masking moiety (MM}, and a CD3-

binding motety, wherein: a) the CD3-binding motety comprises a VL and the activatable
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antibody further comprises a second polypeptide comprising a VH; b) the CD3-binding moiety
comprises a VH and the activatable antibody further comprises a second polypeptide comprising
a VL ¢} the CD3-binding moiety comprises from the N-terminus to the C-terminus, a VL and a
VH; or d} the CD3-binding moiety comprise from the N-terminus to the C-terminus, a VHand a
VL; wherein the MM competes with CD3 to specifically bind the CD3-binding moiety; wherein
the activatable antibody binds CD3 via the VH and the VL, and wherein the masked antibody
binds CD3 with half-maximal binding at a concentration of antibody (ECse) that is at least 10 oM
{e.g., at least S0 oM, or at least 100 nM, or about 110 nM) as determined by an enzyme-linked
mumunosorbent assay {(ELISA). In some embodiments, the masked anti-CD3 antibody is an
activatable antibody. In sorme embodiments, the masked anti-CD3 antibody comprises, from N-
terminus to C-terminas, the masking moiety (MM), a cleavable moiety (CM), and the CD3-
binding moiety. fo some embodituents, the masked anti-CD3 antibody is a not an activatable
antibody. In some embodiments, the masked anti-CD3 antibody coroprises, froro N-terminus to
C-terminus, the masking molety (MM), a non-cleavable Hoker (NCL), and the CD3-binding
moiety. One aspect of the present application provides 3 masked antibody (“masked anti-CD3
antibody”), comprising a masking rootety (MM) and an antibody or antigen-binding fragment
that binds CD3, wherein the antibody or antigen-binding fragment comprises a VH and a VL,;
wherein the masked antibody comprises a single polypeptide chain and the VH and the VL of the
antibody or antigen-binding fragment are part of the single polypeptide chain, or the masked
antibody comprises two polypeptide chains, and the VH and the VL of the antibody or antigen-
binding fragment are part of different polypeptide chains of the masked antibody; wherein the C-
terminus of the MM is fused to the N-terminus of the VH or the VL of the antibody or antigen-
binding fragment; wherein the MM competes with CD3 to specifically bind the antibody or
antigen-binding fragment; and wherein the antibody or antigen-binding fragment binds CD3 with
half-maximal binding at a concentration of antibody (ECso) that is at least 10 oM {e.g., at least 50
nM, or at least 100 nM, or about 110 nM} as determined by an enzyme-linked imnunosorbent
assay (ELISA). In some embodiments, the masked antibody comprises an amino acid linker
between the C-terminus of the MM and the N-terminus of the VH or the VL of the antibody or
antigen-binding fragment. In some embodiments, the masked antibody further comprises a
cleavable linker, e.g., between the C-terminus of the MM and the N-terminus of the VH or the

VL of the antibody or antigen-binding fragment. In some embodiments, the masked antibody
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does not comprise a cleavable linker (e.g., fused to the MM, or between the C-terminus of the
MM and the N-terminus of the antibody or fragment).

[8041] One aspect of the present application provides a masked antibody (“masked anti-CD3
antibody”), comprising, from N-terminus to C-terminus, a masking motety (MM), a non-
cleavable linker (NCL), and a CD3-binding moiety, wherein: a) the CD3-binding moiety
comprises a VL and the activatable antibody further comprises a second polypeptide comprising
a VH; b} the CD3-binding moiety comprises a VH and the activatable antibody further comprises
a second polypeptide comprising a VL, ¢) the CD3-binding moiety comprises from the N-
terminus to the C-terminus, a VE and a VH; or d) the CD3-binding moiety comprise from the N-
terminus to the C-terminus, a VH and a VL; wherein the MM competes with CD3 to specifically
bind the CD3-binding moiety; wherein the activatable antibody binds CD3 via the VH and the
VL; and wherein the masked antibody binds CD3 with half-maximoal binding at a concentration
of antibody (ECso) that is at least 10 nM {e.g., at least 50 nM, or at least 100 oM, or about 110
nM} as determined by an enzyme-linked immunosorbent assay (ELISA}). In some embodiments,
the first antigen-binding fragment is a scFv, such as an 1solated anti-CD3 scFv, an 1solated anti-
CD3 sclFv-Fe fusion protein, or an anti-CD3 sclv fragment i a multispecific (e.g., bispecific)
antibody or multispecific antibody n an un-masked form (7.e., without the MM}, when used to
determine the ECso. In some embodiments, the ECsg 15 determined using the ELISA assay as
described in Example 5.

[8042] In some embodiments according {o any one of the masked anti-CD3 antibodies described
above, the first antigen-binding fragment binds CD3 with a dissociation constant {Kd) of at Jeast
50 nM. In some embodiments, the first antigen-binding fragment is a scFv, such as an 1solated
anti-CID3 schv, an isolated anti-CD3 scFv-Fe fusion protein, or an anti-CD3 scFv fragment in a
multispecific {e.g., bispecific) antibody or a multispecific antibody in an un-masked form (7.e.,
without the MM}, when used to determine the Kd.

[8043] In some embodiments according fo any one of the masked anti-CD3 antibodies described
above, the MM comprises the amino acid sequence of EVGSY (8EQ 1D NO: 667) at the N-
terminus of the MM. In some embodiments, the MM comprises an amino acid sequence
according to Formula (IX): PYDDPDCPSHX SDCDX, (SEQ 1D NO: 668), wherein X is D or
E, and X is N or Q. In some embodiments, the MM comprises an amino acid sequence

according to Formula (X): XiX2XaDXXsCKe XD XXX 10CX 11 X2 (SEQ 1D NOG: 669}, wherein
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XiisAor D, XoisA, D,orP, XsisD Hoor P, XsisForP, XsisDor P, XsisDor P, X7is A or
PXgisD, NorP, Xois AN, or P, Xjpis D, Hoor S, XppisH P,or Y, and Xizis N, P,or Y. In
some embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 35 In some
embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 417 In some
embodiments, the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 585-588 and 597-591. In some embodiments, the CD3 is human CD3.

[8044] One aspect of the present application provides a masked antibedy (“masked anti-CD3
antibody”), comprising, from N-terminus to C-terminus, a masking moiety (MM), and a CD3-
binding moiety, wherein: a) the CD3-binding moiety comprises a VL and the activatable
antibody further comprises a second polypeptide comprising a VH; b) the CD3-binding moiety
comprises a VH and the activatable antibody further comprises a second polypeptide comprising
a VL; ¢) the CD3-binding motety comprises from the N-ternminus to the C-terminus, a V6. and a
VH; or d) the CD3-binding motety comprise from the N-terminus to the C-terminus, a VHand a
VL; wherein the MM competes with CD3 to specifically bind the CD3-binding rooiety, wherein
the activatable antibody binds CI3 via the VH and the VL; and wherein a} the MM comprises
the amino acid sequence of EVGSY (SEQ ID NO: 667) at the N-terminus of the MM; b) the MM
comprises an amino acid sequence according to Formula (IX): PYDDPDCPSHX SDCDX; (SEQ
ID NO: 668), wherein Xy is D or E, and X» is N or Q; or ¢) the MM comprises an amino acid
sequence according to Formula (X X XX DXaXsCXeXyDX XX 10U K 1 X2 (SEQ 1D NO:
669), wherein X1 is Aor D, Xois A, D, or P, Xsis D, H or P, Xsis For P, XsisDor P, Xsis D
o P, X7is Aor P, Xeis D, N, or P, Xois AN, or P, Xigis D, H, or S, Xnis H, P or Y, and X1z
is N, P, or Y. In some embodiments, the masked anti-CD3 antibody is an activatable antibody.
In some embodiments, the masked anti-CD3 antibody comprises, from N-terminus to C-
terminus, the masking moiety (MM), a cleavable moiety (CM), and the CD3-binding moiety. In
some embodiments, the masked anti-CD3 antibody is a not an activatable antibody. In some
embodiments, the masked anti-CD3 antibody comprises, from N-terminus to C-terminus, the
masking moiety (MM), a non-cleavable linker (NCL), and the CD33-binding moiety.

[8045] One aspect of the present application provides a masked antibody (“masked anti-CD3
antihody”), comprising, from N-terminus to C-terminus, a masking motety (MM), a non-
cleavable linker (NCL), and a CD3-binding moiety, wherein: a) the CD3-binding moiety

comprises a VL and the activatable antibody further comprises a second polypeptide comprising
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a VH, b) the CD3-binding moiety comprises a VH and the activatable antibody further comprises
a second polypeptide comprising a VL; ¢} the CD3-binding moiety comprises from the N-
terminus to the C-terminus, a VL and a VH; or d) the CD3-binding moiety comprise from the N-
terminus to the C-terminus, a YH and a VL; wherein the MM competes with CD3 to specifically
bind the CD3-binding moiety; wherein the activatable antibody binds CD3 via the VH and the
VL; and wherein a} the MM comprises the amino acid sequence of EVGSY (SEQ ID NO: 667)
at the N-terminus of the MM; b) the MM comprises an amino acid sequence according to
Formula (IX): PYDDPDCPSHXSDCDX, (SEQ ID NO: 668), wherein Xiis Dor E, and X2 is N
or J; or ¢) the MM comprises an amino acid sequence according to Formula (X

KXo XaDX X sUXe X DX s KoX 0CX 11X 12 (SEQ ID NO: 669), wherein Xy is A or D, Xz is A, D,
or P, X3is D, H, or P, XayisFor P, XsisDor P, Xsis Dor P, Xs1isAor P, Xsis D, N, or P, Xg is
AN orP, XwisD H, or S, Xy is H, P,or Y, and Xy 1s N, P, or Y. In some embodiments, the
MM comprises the amino acid sequence of SEQ 1D NOs: 35, 417, 585-588, and 597-599. In
some embodiments, the CD3 is human CD3.

[6¢46] In some embodiments according to any one of the masked anti-CD3 antibodies described
above, the activatable anti-CD3 antibody comprises an anti-CE3 antigen-binding fragment
selected from the group consisting of a Fab, a Fv, a scFab and a scFv. In some embodiments, the
anti-CD3 antigen-binding fragment 15 a scFv. In some embodiments, the scFv comprises from
the N-termunus to the C-terminus, the VL, a hinker and the VH.

(80477 In some embodiments according to any one of the masked anti-CD3 antibodies described
above, the VH comprising a heavy chain complementarity determining region {CDR-H) 1
comprising the amino acid sequence according to Formula (1) Xy YAX X3 (SEQ ID NO: 382),
wherein X; 18D, S, or T, X0 is L, L, or M, and Xz is N or T, a CDR-H2Z comprising the amino
acid sequence according to Formula (II): RIRSKYNNYATYYAX X VKX (SEQ 1D NO: 383),
wherein X;is Dor E, Xois Sor T, and X3 is B, G, or §, and a CDR-H3 comyprising the amino
acid sequence according to Formula (IH): HGNXGXoSYVEXGX4AY (SEQ 1D NO: 384,
wherein X1 isFor Y, XzisNorT, Xais Wor Y, and X4 is F or W; and b) the VL comprising a
CDR-L1 comprising the amino acid seqguence according to Formula (IV):
KGSSTGAVTXGNYXUN (SEQ ID NO: 385), wherein X1 is A, G, or R, X0 is Sor T, X3 is G or
S, and X4 is A, P, or V, a CDR-L2 comprising the amino acid sequence according to Fornmla

(V) GTX X:RAP (SEQ ID NO: 386), wherein Xy is K or N, and Xo is F or K, and a CDR-L3
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comprising the amino acid sequence according to Formula (VI ALWYSX 2GWV (SEQ 1D NO:
387), wherein X; is D, N, or T, and X: is L or R. In some embodiments the VH comprises a
heavy chain complementarity determining region (CDR-H)} 1 comprising an amino acid
sequence selected from the group consisting of SEQ 1D NGs: 376, 390, 601, and 602, or a
variant thereof comprising up to about 3 amino acid substitutions, a COR-HZ comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 377, 391-394, and 603,
or a variant thereof comprising up to about 3 amino acid substitutions, and a CDR-H3
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 378,
393, 604, and 605, or a variant thereof comprising up to about 3 arnino acid substitutions; and the
VL comprises a CDR-L1 comprising an amino acid sequence selected from the group consisting
of SEQ 1D NOs: 396-398, and 606-609, or a variant thereof comprising up to about 3 arnino acid
substitutions, a CDR-LZ comprising an amino acid sequence selected frorn the group consisting
of SEQ 1D NOs: 380 and 399, or a variant thereof comprising up to about 3 amino acid
substitutions, and a CDR-L3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 381, 400-401, and 610, or a variant thereof corprising up to about 3
amino acid substitutions. In some embodiments the VH coroprises a COR-H1 comprising an
arnino acid sequence selected from the group consisting of SEQ ID NOs: 376 aud 390, or a
vartant thereof comprising up to about 3 amino acid substitutions, a CDR-H2 comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 391-394, or a variant
thereof comprising up t¢ about 3 amino acid substitutions, and a CDR-H3 comprising an amino
acid sequence selected from the group consisting of SEQ 1D NOs: 378 and 395, or a variant
thereof comprising up to about 3 amino acid substitutions; and the VL comprises a CDR-L1
comprising an amine acid sequence selected from the group consisting of SE( ID NOs: 396-
398, or a variant thereof comprising up to about 3 amino acid substitutions, a COR-L2
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 380 and
399, or a variant thereof comprising up to about 3 amino acid substitutions, and a CDR-L3
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 381, and
400-401, or a variant thereof comprising up to about 3 amino acid substitutions. In some
embodiments, the VH comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
382, a CDR-H2 comprising the amine acid sequence of SEQ ID NO: 383, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 384; and the VL comprises a CDR-L1
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comprising the amino acid sequence of SEQ ID NQO: 385, a CBR-L2 comprising the amino acid
sequence of SEQ 1D NO: 386, and a CDR-L3 comprising the amino acid sequence of SEQ D
NO: 387, In some embodiments, the VH comprises a CDR-H1 comprising an amino acid
sequence selected from the group consisting of SEQ 1D NGs: 376 and 390, a CDR-H2
comprising an amino acid sequence selected from the group consisting of SEQ 123 NOs: 391-
394, and a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NGs: 378 and 395; and the VL comprises a CDR-L1 comprising an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 396-398, a CDR-L2 comprising an amino
acid sequence selected from the group consisting of SEQ ID NOs: 380 and 399, and a CDR-L3
comprising an amine acid sequence selected from the group consisting of SEQ 1D NOs: 381, and
400-401. Tn some embodiments, the VH comprises a CDR-H1 comprising the ammo acid
sequence of SEQ ID NO: 376, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
391, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 378; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396, a CDR-L2
comprising the ammo acid sequence of SEQ ID NG: 380, and a CDR-L3 comprising the anuno
acid sequence of SEQ ID NO: 381, In some embodiments, the VH comprises a CDR-H1
comprising the ammo acid sequence of SEQ 1D NG: 390, a CDR-H2 comprising the amino acid
sequence of SEQ ID NO: 392, and a CDR-H3 comprising the amimo acid sequence of SEQ ID
NQ: 395; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NC:
397, a CDR-LZ comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 400, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NG: 392, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NG: 395; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ 1D NO: 396, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 401, In some
embodiments, the VH comprises a CDOR-H1 comprising the amino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 395, and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NOG: 397, a CDR-L2 comprising the amino acid

sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
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NO: 381, In some embodiments, the VH comprises a CDR-HI1 comprising the amino acid
sequence of SEQ D NO: 376, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
393, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NQO: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG: 396, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the anino
acid sequence of SEQ 1D NO: 401, In some embodiments, the VH comprises a CDR-H1
comprising the amino acid sequence of SEQ 1D NO: 376, a CDR-HZ comprising the amino acid
sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 395; and the VL comprises a CDR-L1 coroprising the amino acid sequence of SEQ ID NO:
397, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3
comprising the ammo acid sequence of SEQ ID NG: 400, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 376, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 393, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO: 395; and the VL comprises 2 CDR-L1 comprising the amino acid
sequence of SEQ 1D NO: 398, a CDR-L2 comprising the aming acid sequence of SEQ ID NO:
399, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400. In some
embodiments, the VH comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 394, and a CDR-H3
comprising the ammo acid sequence of SEQ 1D NO: 395, and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 397, a CBR-L2 comprising the amino acid
sequence of SEQ I NOG: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 381, In some embodiments, the VH comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NO: 390, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:
391, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO: 381, In some embodiments, the VH comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NO: 390, a CDR-HZ comprising the amino acid
sequence of SEQ ID NO: 394, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
NO: 395; and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:
396, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3
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comprising the amino acid sequence of SEQ 1D NO: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 376, a CDR-H2
comprising the amino acid sequence of SEQ 1D NO: 391, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO: 378; and the VL comprises a CDR-L1 comprising the anuno acid
sequence of SEQ ID NO: 397, a CDR-L2 comprising the amine acid sequence of SEQ D NO:
380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 400, In some
embodiments, the VH comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 394, and a CDR-H3
comprising the ammo acid sequence of SEQ ID NO: 395; and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 381, In some embodunents, the VH comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO: 390, a CDR-HZ comprising the amino acid sequence of SEQ ID NO:
393, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG: 378; and the VL
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 396, a CDR-L.2
comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L.3 comprising the amino
acid sequence of SEQ 1D NG: 381, In some embodiments, the VH comprises a CDR-H1
comprising the amino actd sequence of SEQ ID NG: 390, a CDR-H2 comprising the aming acid
sequence of SEQ I NOG: 391, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NO: 378,

396, a CDR-1L2 comprising the amino acid sequence of SEQ ID NG: 380, and a CDR-L3

and the VL comprises 3 CDR-L1 comprising the amino acid sequence of SEQ ID NO:

comprising the amino acid sequence of SEQ ID NO: 381, In some embodiments, the VH
comprises a CDR-H1 comprising the amino acid sequence of SEQ ) NO: 390, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO: 378; and the VL comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
380, and 2 CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381, Insome
embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 388, and the VL
comprises the amino acid sequence of SEQ ID NO: 389

[8048] In some embodiments according to any one of the masked anti-CD3 antibodies described

above, the VH comprises the amino acid sequence according to Formula (Vi)
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EVQLVESGGGLY X PGGSLRLSCAASGFTFX XY ADXGWVRQAPGKGLEWV XRIRSKY
NNYATYYAXSVRKXRFTISRDXgSKNTLYLQXoNSLRAEDTAVY YCX (oRHGNX 11 GX 28
YVSWEFAYWGQGTLVTVSS (SEQ ID NO: 388}, wherein X3 is Kor 3, XpisNor 5, X5is S or
T, X3 sHor N, XsisGor S, Xsis DorE, X7isDor G, Xgis Dor N, XoisIorL, Xpis Aor 'V,
Xqis For Y, Xizis N or T: and the VL comprises the amino acid sequence according to
Formula (V1)

XIAVVTQEPSLUTVSPGGTVTLTCXOSSTCAVTTSNY XaNW2XLQQKPGQAPRGLIGGTX sXe
RAPGX PARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSXXoWVFGGGTKLTVL
(SEQ IDNO: 389), wherein X1 is Eor Q, 2018 A, G, P,or R, Xsis AorP, XyisForV, Xsis K
or N, XeisForK, X5is A, L T,0orV, Xg 18 A, D, N,or T, and Xo is H or L. In some
ernbodiments, the VH comprises an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640, or a variant thereof
having at least about 80% sequence ideuntity to an amino acid sequence selected from the group
consisting of SEQ I NQs: 67, 402, 405, 447, 409, 410, 412, 414-416, and 611-640; and the VL
comprises an amino acid sequence selected from the group consisting of SEQ 1D NQOs: 68, 403,
404, 406, 408, 411, 413, and 641-666, or a variant thereof having at least about 80% sequence
identity to an amino acid sequence selected from the group consisting of SEQ 1D NOs: 68, 403,
404, 406, 408, 411, 413, and 641-666. In some embodiments, the VH comprises an amino acid
sequence selected from the group consisting of SEQ ID NQOs: 67, 402, 4035, 407, 409, 410, 412,
414, 415, and 416; and the VL comprises an amino acid sequence selected from the group
consisting of SEQ ID NQOs: 68, 403, 404, 406, 408, 411, and 413.

(68491 In some embodiments according to any one of the masked anti-CD3 antibodies described
above, the VH comprises an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 402, 405, 407, 409, 410, 412, 414, 415, and 416; and the VL comprises an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 403, 404, 406, 408, 411, and 413.
in some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 402, and the
VL comprises the amino acid sequence of SEQ 1D NO: 403. In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 402, and the VL comprises the amino acid
sequence of SEQ ID NO: 404, In some embodiments, the VH comprises the amine acid sequence
of SEQ ID NO: 405, and the VL comprises the amino acid sequence of SEQ 1D NO: 406, In
some embodiments, the VH comprises the amino acid sequence of SEQ D NO: 407, and the VL
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comprises the amino acid sequence of SEQ 1D NO: 404. In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 407, and the VL comprises the amino acid
sequence of SEQ ID NO: 403, In some embodiments, the VH comprises the amino acid sequence
of SEQ 1D NG: 407, and the VL comprises the aming acid sequence of SEQ D NO: 408 In
some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 409, and the VL
comprises the amino acid sequence of SEQ ID NO: 408, In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 410, and the VL comprises the amino acid
sequence of SEQ ID NO: 411, In some embodiments, the VH comprises the amino acid sequence
of SEQ I NO: 412, and the VL comprises the amino acid sequence of SEQ ID NO: 413. In
some embodiments, the VH comprises the amino acid sequence of SEQ 1D NO: 410, and the VL
comprises the amino acid sequence of SEQ ID NO: 413, In some embodiments, the VH
comprises the anune acid sequence of SEQ 1D NO: 414, and the VL comprises the amino acid
sequence of SEQ ID NO: 403, Tn some embodiments, the VH comprises the amino acid sequence
of SEQ ID NO: 415, and the VL comprises the amino acid sequence of SEQ ID NO: 413. In
some embodiments, the VH comprises the aming acid sequence of SEQ ID NO: 416, and the VL
comprises the amino acid sequence of SEQ 1D NO: 413, In some embodiments, the VH
comprises the amino acid sequence of SEQ ID NO: 416, and the VL comprises the anuno acid
sequence of SEQ ID NO: 411, In some embodiments, the CD3-binding moiety comprises the
amino acid sequence of SEQ ID NO: 421 or SEQ 1D NGO: 422,

[B358¢] One aspect of the present application provides an activatable antibody (“activatable anti-
HERZ antibody”} comprising, from N-terminus to C-terminus, a masking moiety (MM), a
cleavable motety (CM}, and a HERZ2-binding motety, wherein: a} the HERZ-binding moiety
comprises a VL and the activatable antibody further comprises a second polypeptide comprising
a VH; b} the HER2-binding moiety comprises a VH and the activatable antibody further
comprises a second polypeptide comprising a VL, ¢} the HER2-binding motety comprises from
the N-terminus to the C-terminus, a VL and a VH; or d} the HERZ-binding moiety comprise
from the N-terminus to the C-terminus, a VH and a VL; and wherein the CM comprises a
cleavage site; wherein the MM inhibits binding of the activatable antibody to HERZ when the
CM is not cleaved; and wherein the activatable antibody binds HERZ via the VH and VL when
the CM is cleaved, and wherein the MM comprises: a) an amino acid sequence according to

Formula (XI): ESX1XCX3XaDPEXCQX s (SEQ ID NO: 670), wherein Xy isDor E, Xois AL F,
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ViorY,XaisDorE, XsisAor L, XsisDorE, and Xs is A, F, or Y; b) an amino acid sequence
according to Formula (XID: XiXoXaXaXsXsCX7XsDPYECXoX 10 (SEQ 1D NO: 671), wherein
Xiis A H or S, Xo01s A D, or S, X8 A, T,or V, Xhis PSS, or T, XsisDorE, Xgis Aor vV, X5
sDorE XgisAork, Xois(J, S, or T, and Xyois A, H, or V; or ¢) an amino acid sequence
according to Formula (XIII): YNSDDDCX S2YDPYTCY'Y (SEQ 1D NO: 672), wherein X is
AL or V, and X5 is H or R. In some embodiments, the MM comprises an amino acid sequence
selected from the group consisting of SEQ D NOs: 36, 419, 432-476, and 491-515. In some
embodiments, the CM comprises an amino acid sequence selected from the group consisting of
SEQ ID NOGs: 77, 127-129, 418, 420, 431 and 477-490, and 516-558.

[8051] In some embodiments according to any one of the activatable anti-HERZ2 antibodies
described above, the VH comprises a CDR-HI comprising the amino acid sequence of SEQ 1D
NO: 423, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 424, and 3 CDR-H3
comprising the amino acid sequence of SEQ ID NO: 71, and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 72, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NQO: 74. In some embodiments, the VH comprises the amino acid sequence of SEQ 1D NG: 75,
and the VL comprises the anuno acid sequence of SEQ D NQO: 76

[8052] One aspect of the present application provides a masked antibody ("masked anti-HER2
antibody”} comprising, from N-terminus to C-terminus, a masking moiety (MM}, and a HER2-
binding moiety, wherein: a) the HERZ-binding moiety comprises a VL and the activaiable
antibody further comprises a second polypeptide comprising a VH; b} the HERZ-binding motety
comprises a VH and the activatable antibody further comprises a second polypeptide comprising
a VL; ¢) the HER2-binding moiety comprises from the N-terminus to the C-terminus, a Ve and a
VH; or d) the HER2-binding moiety comprise from the N-terminus to the C-terminus, a VH and
a VL; wherein the MM competes with HERZ to specifically bind the HER2-binding moiety; and
wherein the activatable antibody binds HERZ via the VH and VL, and wherein the MM
comprises: a) an amino acid sequence according to Formula (X1} ESX1XCXsX4DPEXC(3Xs
(SEQIDNO: 670), wherein X is Dor E, 20 s A F, V,or Y, XaisDorE, XyisAor L, Xsis D
or E, and Xs is A, F, or Y b) an amino acid sequence according to Formula (XII):

KXo KXy KsXsCX7XeDPYECX X 10 (SEQ 1D NO: 671), wherein X1 is A, H,or §, Xo is A, D, or
S,Xi8A, TV, XsisP, 8o T, Xsis DorE, XsgisAorV, X7isDorE, Xgis Aor L, Xois
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Q. S, 0r T, and X0 is A, H, or V; or ¢} an amino acid sequence according to Formula (X1Ii):
YNSDDDCX SXYDPYTCYY (SEQ ID NO: 672), wherein X is A, L or V, and X 1s Hor R,
In some embodiments, the masked anti-HER?Z antibody is an activatable antibody. In some
embodiments, the masked anti-HERZ2 antibody comprises, from N-terminus to C-terminus, the
masking moiety (MM), a cleavable moiety (CM), and the HER2-binding moiety. In some
embodiments, the masked anti-HERZ antibody is a not an activatable antibody. In some
embodiments, the masked anti-HER2 antibody comprises, from N-terminus to C-terminus, the
masking motety (MM), a non-cleavable linker (NCL), and the HER2-binding moiety. One
aspect of the present application provides a masked antibody (“masked anti-HER2 antibody™)
comprising a masking rooiety (MM) and an antibody or antigen-binding fragmeut that binds
HER?2, wherein the antibody or antigen-binding fragment comprises a VH and a VL; wherein the
masked antibody comprises a single polypeptide chain and the VH and the VL of the antibody or
antigen-hinding fragroent are part of the single polypeptide chain, or the masked antibody
comprises two polypeptide chains, and the VH and the VL of the antibody or antigen-binding
fragment are part of different polypeptide chains of the masked antibody; wherein the C-
terminus of the MM is fused to the N-terminus of the VH or the VL of the antibody or antigen-
binding fragment; wherein the MM competes with HERZ2 to specifically bind the antibody or
antigen-binding fragment; and wherein the MM comprises: a) an amino acid sequence according
to Formula (XI): ESX1XCXaXuDPFXCQXs (SEQ ID NO: 670), wherein X: is Dor E, Xo is
AF,V,orY, XsisDorE, XsisAor L, XsisDorE, and Xsis A, F, or Y, b) an amino acid
sequence according to Formula (X1 X1 XoX3XsXsXsCX7XsDPYECXoX 10 (SEQ ID NO: 671),
wherein Xyis A, H, or 5, X015 A, D, or §, Xais A, T,or V, Xy is P, S, or T, Xsis Dor E, Xeis A
or V, X7isDorE, XgisAorL, Xois (3,8, or T, and Xiois A, H, or V; or ¢} an amino acid
sequence according to Formmla (XU YNSDDDCX(SXYDPYTCYY (SEQ ID NO: 672),
wherein X3 is A, §, or V, and X5 is H or R. In some embodiments, the masked antibody
comprises an amino acid linker between the C-terminus of the MM and the N-terminus of the
VH or the VL of the antibody or antigen-binding fragment. In some embodiments, the masked
antibody further comprises a cleavable linker, e.g., between the C-terminus of the MM and the
N-terminus of the VH or the VL of the antibody or antigen-binding fragment. In some
embodiments, the masked antibody does not comprise a cleavable linker (e.g., between the C-

terminus of the MM and the N-terminus of the antibody or fragment).
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[8053] One aspect of the present application provides a masked antibody (“masked anti-HER2
antibody”) comprising, from N-terminus to C-terminus, a masking motety (MM), a non-
cleavable linker (NCL), and a HER2-binding moiety, wherein: a} the HERZ-binding moiety
comprises a VL and the activatable antibody further comprises a second polypeptide comprising
a VH; b} the HER2-binding moiety comprises a VH and the activatable antibody further
comprises a second polypeptide comprising a VL; ¢} the HER2-binding moiety comprises from
the N-terminus to the C-terminus, a VL and a VH; or d} the HERZ-binding moiety comprise
from the N-terminus to the C-terminus, a VH and a VL; wherein the MM competes with HER2
to specifically bind the HER2-binding moiety; and wherein the activatable antibody binds HER2
via the VH and V1, and wherein the MM comprises: a) an amino acid sequence according to
Formula (XI): ESXIXoCXXsDPFXsCQXs (SEQ ID NO: 670), wherein Xy is Dor E, Xy 1s A,
F.V,or Y, XsisDorE, XuisAor L, XsisDorE, and Xeis A, F, or Y; b) an amino acid
sequence according to Formula (X1 X XoX 53X XsXeCXGXsDPYECKoX 10 (SEQ 1D NO: 671),
wherein X1 is A, H, or 8, X018 A, D, or S, Xsis A, T, or V, Xuis P, S, or T, XsisDor B, Xsis A
oV, X7isDorE, XgisAorL, Xe1s (3, 5, or T, and Xyots A, H, or V; or ¢) an amino acid
sequence according to Formula (XIIH: YNSDDDCOX SXYDPYTCYY (SEQ ID NOG: 672),
wherein X118 A, I, or V, and X5 is H or R. In some embodiments, the MM comprises an amino
actd sequence selected from the group consisting of SEQ 1D NQOs: 36, 419, 432-476, and 491-
515.

[8354] In some embodiments according {o any one of the masked anti-HERZ antibodies
described above, the VH comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NG 423, a CDR-H2 comprising the amino acid sequence of SEQ ID NG: 424, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 71, and the VL comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 72, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NG 74. In some embodiments, the VH comprises the amino acid sequence of SEQ 1D NG: 75,
and the VL comprises the amino acid sequence of SEQ D NO: 76.

[8355] In other aspects, the present disclosure provides an anti-HERZ antibody comprising the 6
CDRs and/or VH and VL sequences of any anti-HER2 hinding domain provided herein. In some
embodiments, an anti-HER?2 antibody comprises a VH that comprises a CDR-H1 comprising the

amine acid sequence of SHQ ID NO: 423, a CDR-H2 comprising the aming acid sequence of
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SEQ 1D NG: 424, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG 71, and a
VL that comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 72, a CDR-
L2 comprising the amino acid sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 74, In some embodiments, the VH comprises the amino
actd sequence of SEQ 1D NO: 75, and the VL comprises the amino acid sequence of SEGQ ID
NO: 76. In some embediments, an anti-HER2 antibody comprises a VH that comprises a CDR-
HI comprising the amino acid sequence of SEQ ID NO: 69, a CDR-HZ comprising the amino
acid sequence of SEQ ID NO: 70, and & CDR-H3 comprising the amino acid sequence of SEQ
1D NO: 71, and a VL that comprises a CDR-L1 comprising the anuno acid sequence of SEQ ID
NO: 72, a CDR-L2 comprising the anmino acid sequence of SEQ ID NO: 73, and a CDR-L3
comprising the ammno acid sequence of SEQ 1D NOG: 74,

[8056] In other aspects, the present disclosure provides an anti-CID20 antibody comprising the 6
CDRs and/or VH and VL sequences of any anti-CD20 binding domain provided herein. In some
embodiments, an anti-CD20 antibody comprises a VH that compnises a CDR-H1 comprising the
amino acid sequence of SEQ ID NO: 556, a CDR-H2 comprising the amino acid sequence of
SEQ ID NOG: 557, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 558, and
a VL that comprises a COR-L1 comprising the amino acid sequence of SEQ ID NO: 559, a
CDR-L2 comprising the amino acid sequence of SEQ ID NQ: 560, and a CBR-L3 comprising
the amino acid sequence of SEQ ID NQO: 561, In some embodiments, an anti-CD20 antibody
comprises a VH that comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
&6, a CDR-H2Z comprising the amino acid sequence of SEQ I NG: 557, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 558, and a VL that comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 559, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 560, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NQO: 561, In some embodiments, the VH comprises the amino acid sequence of SEQ 1D NG:
562, and the VL comprises the amino acid sequence of SEQ 1D NO: 563.

[6457] One aspect of the present application provides one or more isolated nucleic acids
encoding any one of the antibodies, multispecific antibodies, masked antibodies, activatable
multispecific antibodies, isolated anti-CD3 antibodies or antigen-binding fragments thereof,
masked anti-CD3 antibodies, activatable anti-CD3 antibodies, masked anti-HERZ antibodies or

activatable anti-HERZ antibodies described above. In some embodimenis, there is provided a
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vector comprising the one or more nucleic acids according to any one of the nucleic acids
described above. In some embodiments, there 1s provided a host cell comprising the one or more
nucleic acids according to any one of the nucleic acids described above or any one of the vectors
described above. In some embodiments, there 1s provided a method for preparing a masked
antibody, a multispecific antibody, an activatable multispecific antibody, an isolated anti-CD3
antibody or antigen-binding fragment thereof, a masked anti-CD3 antibody, an activatable anti-
CD3 antibody, a masked anti-HER2 antibody or an activatable anti-HERZ2 antibody, comprising:
a) culturing any one of the host cells under conditions that allow expression of the one or more
nucleic acids or vector; and b) recovering the multispecific antibody, the activatable
multispecific antibody, the anti-CD3 antihody or antigen-binding fragroent thereof, the masked
anti-CD3 antibody, the activatable anti-CD3 antibody, the masked anti-Her2 antibody, or the
activatable antibody from the host cell culture.

[8058] Also provided are pharmaceutical corapositions comprising any one of the antibodies,
multispecific antibodies, masked antibodies, activatable multispecific antibodies, 1solated anti-
CD3 antibodies or antigen-binding fragments thereof, masked anti-CID3 antibodies, activatable
anti-CD3 antibodies, masked anti-HER2Z antibodies, or activatable anti-HERZ2 antibodies
described above, and a pharmaceutically acceptable carrier,

[805%] Another aspect of the present application provides a method for treating a disease or
condition in a subject 1n need thereof, comprising administering to the subject an effective
amount of any one of the pharmaceutical compositions described above. In some embodiments,
wherein the pharmaceutical composition comprises an activatable multispecific antibody,
wherein the CM1 and the CM2Z are cleaved at a diseased site, thereby unblocking binding of the
multispecific activatable antibody to CD3 and the target antigen at the diseased site. In some
embodiments, the disease or condition is cancer such as hiquid cancer and solid cancer. In some
embodiments, wherein the target antigen is HERZ, the cancer 1s selected from the group
consisting of breast cancer, ovarian cancer, and lung cancer. In some embodiments, wherem the
target antigen is U020, the cancer is lymphoma or leukemia. In some embodiments, the target
antigen is TROP2, and wherein the cancer is breast cancer or lymphoma. In some embodiments,
the pharmaceutical composition is administered such that the multispecific antibody, 1solated
antibody or antigen-binding fragment thereof, or masked antibody s provided to the subject ata

dose of 0.02mg/keg, 0.2mg/ke, 2mg/ke, 10mg/ke, 30mp/kg, or 60mg/kg. In some embodiments,
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the multispecific antibody, isolated antibody or antigen-binding fragment thereof, or masked
antibody comprises: a first polypeptide comprising an amino acid sequence having at feast 90%
sequence identity with SEQ ID NO: 427, a second polypeptide comprising an amino acid
sequence having at least 90% sequence identity with SEQ 1D NO: 428, and a third polypeptide
comprising an amino acid sequence having at least 90% sequence identity with SEQ 1D NO:
112; a first polypeptide comprising an aminc acid sequence having at least 90% sequence
identity with SE(Q ID NO: 83, a second polypeptide comprising an amino acid sequence having
at least 90% sequence identity with SEQ 1D NO: 84, and a third polypeptide comprising an
aruino acid sequence having at least 90% sequence identity with SEQ 1D NO: 85; a first
polypeptide comprising an amino acid sequence having at least 90% sequence identity with SEQ
1D NO: 683, a second polypeptide coraprising an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 684, and a third polypeptide comprising an amino acid
sequence having at least 90% sequence identity with SEQ ID NO: 683; a first polypeptide
comprising the amino acid sequence of SEQ 1D NO: 427, a second polypeptide comprising the
amino acid sequence of SEQ ID NO: 428, and a third polypeptide comprising the amino acid
sequence of SEQ ID NO: 112; a first polypeptide comprising the amino acid sequence of SEQ
ID NO: 83, a second polypeptide comprising the amino acid sequence of SEQ ID NO: 84, and a
third polypeptide comprising the amino acid sequence of SEQ 1D NQO: 85; a first polypeptide
comprising the amino acid sequence of SEQ 1D NO: 683, a second polypeptide comprising the
amino acid sequence of SEQ 1D NO: 684, and a third polypeptide comprising the amino acid
sequence of SEQ 1D NO: 6835; a first polypeptide comprising the amino acid sequence of SEQ
1D NO: 427 without the C-terminal lysine, a second polypeptide comprising the amino acid
sequence of SEQ 1D NO: 428 without the C-terminal lysine, and a third polypeptide comprising
the amino acid sequence of SEQ 1D NO: 112; a first polypeptide comprising the amino acid
sequence of SEQ 1D} NO: 83, a second polypeptide comprising the amino acid sequence of SEQ
ID NO: 84 without the C-terminal lysine, and a third polypeptide comprising the amino acid
sequence of SEQ 1D NO: 85 without the C-terminal lysine; or a first polypeptide comprising the
amino acid sequence of SEQ ID NO: 683, a second polypeptide comprising the amino acid
sequence of SEQ 1D NO: 684 without the C-terminal lysine, and a third polypeptide comprising
the amino acid sequence of SEQ ID NO: 685 without the C-terminal lysine. In some

embodiments, the methods further comprise administering to the subject an anti-PD-1 or anti-
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PD-L1 antibody. In some embodiments, the methods further comprise administering to the
subject a CI3137 agonist or antibody. In some embodiments, the CD137 agonist or antibody
comprises a heavy chain variable region and a light chain variable region, wherein the heavy
chain variable region comprises a CDR-H1 comprising the amino acid sequence of TGGVGVG
(SEQ 1D NO:700), a CDR-H2 comprising the amino acid sequence of LIDWADDKYYSPSLKS
(SEQ ID NO:701), and a CDR-H3 comprising the amino acid sequence of GGSDTVIGDWFAY
(SEQ 1D NO:702); and/or wherein the light chain variable region comprises a CDR-L1
comprising the amino acid sequence of RASQSIGSYLA (SEQ ID N(G:703), a CDR-1L.2
comprising the ammo acid sequence of DASNLET (SEQ ID NO:704), and a CDR-L3
comprising the amino acid sequence of QQGYYLWT (SEQ ID NO:705). In some
embodiments, the heavy chain variable region comprises the amino acid sequence of SEQ 1D
NO706, and/or wherein the light chain variable region comprises the amino acid sequence of
SEQ ID NO:707. In some erubodiments, the heavy chain comprises the amino acid sequence of
SEQ ID NO:710, and/or the light chain comprises the amino acid sequence of SEQ I NG:711.
[6G66] Also provided are compositions, kits and articles of manufacture comprising any one of
the multispecific antibodies, masked antibodies, activatable multispecific antibodies, 1solated
anti~-CD3 antibodies or antigen-binding fragments thereof, masked anti-CD3 antibodies,
activatable anti-CD3 antibodies, masked anti-HER2 antibodies, or activatable anti-HER2

antibodies described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[8061] FiGs. 1-8 provide schematic diagrams of exemplary antibody designs of the present
application. The antibodies may be converted to activatable antibodies by fusing one or more
antigen-binding sites to masking peptide(s).

(00621 FIG. 1 shows a Fab-Fo/Fe one-armed scaffold schematic.

[8063] FIG. 2 shows a schematic of a common light chain scaffold, in which the bispecific
antibody has a first antibody heavy chain, a second antibody heavy chain and two copies of a
commong light chain. The first antibody heavy chain and a first common light chain form a first
antigen-binding site, and the second antibody heavy chain and a second common light chain
form a second antigen-binding site. The first antigen-binding site and the second antigen-binding

stie can bind to different targets.
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[8064] FIG. 3 shows a schematic of a Morrison format multispecific antibody scaffold, in which
the antibody has a first heavy chain fused to a first scFv, a second heavy chain fused to a second
scFv and two copies of a common light chain. The first antibody heavy chain and a first common
light chain form a first antigen-binding site, and the second antibody heavy chain and a second
common light chain form a second antigen-binding site. The first antigen-binding site and the
second antigen-binding site can bind to the same target or different targets. The first scFv and the
second scFv may bind to the same target or different targets.

[8065] FIG, 4 shows ScFv bispecific scaffold schematics. For example, a HERZxCD?3 bispecific
anttbody in this format may have the Fab arm on the left bind to HER2, and the scFv arm on the
right bind to CD3.

[8066] FIGS. 5A-58 show activatable scaffold schematics. For example, the activatable
antibody may be an activatable antibody targeting HERZ and CD3 (HERZx(CD?3 activatable
anttbody or SAFEbody) or an antivatable antibody targeting CD20 and CD3 (CD20xCD3
activatable antibody or SAFEbody). The masking peptide {represented as a ball} can be fused to
the antigen-bindimg fragment via a cleavable linker.

[8067] FIG. 6 provides a characterization of bispecific antibodies through SDS-PAGE
electrophoresis. The left gel 15 a 12% SDS-PAGE gel under reducing conditions, and the right gel
1s a 4-15% SDS-PAGE gel under non-reducing conditions. The MW lane shows molecular
weight markers, which are labeled in kilodaltons to the left of each gel. In both gels, lane 1
shows antibody TY24051, lane 2 shows antibody TY24052, and lane 3 shows antibody
TY24053.

[8068] FIG. 7 provides size-exclusion high-performance hquid chromatography analyses of
bispecific antibodies. The upper plot shows antibody TY24051, the middle plot shows antibody
TY24105, and the lower plot shows antibody TY24106. In each plot, time is on the x-axis, and
relative protein abundance is on the y-axis. Peaks corresponding to heterodimeric proteins (major
peak), homodimeric proteins, and aggregates are indicated.

[0869] Fi1Gs. BA-8B provide enzyme-linked immunosorbent assay (ELISA) analyses of
antibodies TY24051 and TY24052. FIG. 8A shows binding of HER2 by TY24051 (squares),

TY 24052 (triangles pointing up), and TY24052 after activation {iriangles pointing down). FIG,
88 shows binding of CD3 by TY24051 (squares), TY24052 (triangles pointing up), and
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TY24052 after activation {triangles pointing down). In both FiG. 84 and FI1G. &8, the
concentration of antibody is on the x-axis in M, and the absorbance at 450 nm is on the y-axis.
[8076¢] FIG. 9 shows an assay of T-cell mediated cytotoxic killing upon treatment with bispecific
antibodies. The concentration of anttbody (ng/ml) 1s shown on the x-axwis, and the percentage of
cell lysis 1s shown on the y-axis. Target cells were incubated with T cells for 24 hours with

TY 24051 {cucles), TY24052 (squares}, an isotype control {triangles pointing up), or without an
antibody (triangles pointing down}.

[8071] FIGs. 10A-19B show activation of a nuclear factor of activated T-cells (NFAT) response
element reporter in Jurkat cells in response to treatment with bispecific antibodies TY24051
(black circles), TY24111 (squares), TY24052 (white circles), and TY24110 (triangles). The log-
transformed concentration of antibody in pg/mi ts indicated on the x~-axis, and relative light units
(RLYU) of the reporter are indicated on the y-axis.

[8072] In FIG. 10A, NFAT reporter activity was measured in the absence of target (SK-OV-3)
celis.

[6473] In FIG, 16B, NFAT reporter activity was measured in the presence of target cells.

[80374] FIG. 11 shows secreted IFNy levels following administration of parental (TAC2245) or
activatable (TY23104) auti-CD3 antibodies i a humanized peripheral blood mononuclear cell
(PBMC) mouse model (huPBMC-NSG). The 1dentity of the antibody and the time of sampling
are indicated on the x-axis, mcluding, from left to right, a blank, TAC2245 sampled after 0 hours
of treatment, TAC2245 sampled after 3 hours of treatment, TAC2245 sampled after 24 hours of
treatment, TY23104 sampled after 0 hours of treatment, TY23104 sampled after 3 hours of
treatment, and TY23104 sampled after 24 hours of treatment. The y-axis shows the concentration
of IFNy in picograms/ml.

[8875] FIG. 12 shows secreted IFNy levels following administration of parental {(TAC2245) or
activatable (TY23115 and TY23118} cross-reactive anti-CD3 antibodies in a huPBMC-NSG
mouse model. The identity of the antibody and the time of sampling are indicated on the x-axis,
meluding, from left to right, a blank, TAC2245 sampled after 0 hours of treatment, TAC2245
sampled after 3 hours of treatment, TAC2245 sampled after 24 hours of treatment, TY23115
sampled after O hours of treatment, TY23115 sampled after 3 hours of treatment, TY23115

sampled after 24 hours of treatment, TY23118 sampled after 0 hours of treatment, TY23118
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sampled after 3 hours of treatment, and TY23118 sampled after 24 hours of treatment. The y-axis
shows the concentration of IFNy m picograms/ml.

[8076] FIG. 13 shows the level of Jurkat cell binding by parental anti-CD3 antibody TAC2245
(circles) and activatable anti-CD3 antibody TY23104 (squares). The log-transformed
concentration of anti-CD3 antibody in nM is indicated on the x-axis, and mean fluorescence
mtensity (MF1) of the binding of a secondary anti-human 1gG antibody is indicated on the y-axis.
(80771 FIG. 14 shows activation of a NFAT response element reporter in Jurkat cells in response
to treatment with parental (TAC2225, circles) or activatable (TY231135, squares; and TY23118,
triangles) cross-reactive anti-CD3 antibodies. The log-transformed concentration of antibody in
1M is indicated on the x-axis, and the relative light units (RLU) of the reporter 15 indicated on
the y-axis.

[8078] FIG, 15 shows activation of a NFAT response element reporter in Jurkat cells in response
to treatment with parental {TAC2245, circles), or activatable (TY23100, black squares;
TYZ3101, triangles pownting up, TYZ23102, triangles pointing down; and TY23104, white
squares) anti-CD3 antibodies. The log-transformed concentration of antibody n ug/mi s
mdicated on the x-axis, and the relative light umits (RLU}Y of the reporter 1s indicated on the y-
axis. The assay was performed without FcRIIb crosslinking.

[807%] FiGs. 16A-168B show analyses of the masking efficiencies of parental and activatable
anti-CD3 antibodies. FIG. 16A shows binding of parental (TAC2225) black circles) and
activatable anti-CD3 antibodies {TYZ23110, squares; TYZ23115, triangles pointing up; and
TY23118, triangles pointing down} to recombinant human CD38¢ as determined by an ELISA.
FIG. 168 shows activation of a NFAT response element reporter in Jurkat cells in response to
treatment with parental (TAC2225, black circles) and activatable anti-CD3 antibodies (TY23103,
white circles; TY23110, squares; TY23115, triangles pointing up; and TY23118, triangles
pointing down). The log-transformed concentration of antibody in pg/mL s indicated on the x-
axis, and the relative light units (RLU) of the reporter is indicated on the y-axis.

[6086¢] FIG. 17 shows activation of a NFAT response element reporter in Jurkat cells in response
to treatment with parental (TAC2225, white circles), or activatable anti-CD3 antibodies. In each
eraph of FIG, 17, the log-transformed concentration of antibody in pg/mb is indicated on the x-

axis, the relative light units (RLU) of the reporter 1s indicated on the y-axis, and the identities of
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the activatable anti-CD3 aniibodies are indicated by the shape of the data points, as shown 1n
each legend. Assays that were performed without FcRIb crosslinking are indicated.

[8081] FIG. 18 shows the level of Jurkat cell binding by parental anti-CD3 antibody TAC2245
(TAC2225, circles) and activatable anti-CD3 antibodies. In each graph of FiG. 18, the log-
transformed concentration of anti-CD3 antibody in nM is indicated on the x-axis, mean
flucrescence intensity {MF1) of the binding of a secondary anti-human IgG antibody 1s indicated
on the y-axis, and the identities of the activatable anti-CD3 antibodies are indicated by the shape
of the data points, as shown in each legend..

(60821 FIG. 19 shows binding of parental and activatable anti-CD3 antibodies to recombinant
human CD30¢ as determined by an ELISA. The log-transformed concentration of antibody in M
15 1ndicated on the x-axis, the absorbance at a wavelength of 450 um is indicated on the y-axis,
and the identities of the anti~-CD3 antibodies are indicated by the shape of the data points, as
shown in the legend.

[B083] FIGs. 204-208 show analyses of the masking efficiencies of parental and activatable
SP34 variant anti-CD3/HERZ2 bispecific antibodies.

[8084] FIG. 20A shows binding of parental {TY25023, black circles) and activatable (TY25026,
white circles} antibodies with low-anti-CD3 affinity, and comparison parental {TY24051, black
squares} and activatable (TY 24052, white squares} antibodies to recombinant human CD36g, as
determined by ELISA. The log-transformed concentration of antibody in M 1s indicated on the x-
axis, and the absorbance at a wavelength of 450 nm 1s indicated on the y-axis.

[6(385] FIG, 208 shows the level of Jurkat cell binding by anti-CD3 antibodies TYZ24051 (black
circles), TY24052 {white circles}, and TY25023 {black squares). The log-transformed
concentration of antibody i nM 1s indicated on the x-axis, and mean fluorescence intensity
(MF1) of the binding of a secondary anti-human [gG antibody s indicated on the y-axis.

[0086] FiGs. 21 A-21C show analyses of the masking efficiencies and functions of parental and
activatable SP34 variant anti-CD3/HER2 bispecific antibodies.

[8087] FIG, 21A shows activation of a NFAT response element reporter in Jurkat cells in
response {o treatment with bispecific anttbodies TY24051 (black circles), TY24052 (white
circles), TY25023 (black squares), and TY25026 (white squares}. The log-transformed

concentration of antibody in pg/mi is indicated on the x-axis, and relative light units (RLU) of
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the reporter are indicated on the y-axis. In FIG. 214, NFAT reporter activity was measured in the
presence of target (SK-0OV-3) cells.

[8088] FIG. 218 shows the level of SK-OV3 tumor cell lysis in response to treatment with
bispecific antibodies TY24051 {dark gray circles), TY24052 (dark gray squares), TY25023 (light
gray triangles), TY25026 (light gray squares), and a reference CD3 x isotype control (dark gray
triangles). The log-transformed concentration of antibody i ng/mL is indicated on the x-axis,
and % cytotoxicity is indicated on the y-axis. The ECso of cytotoxicity s indicated for each
antibody in ng/mL in the table below the plot.

(80891 FIG. 21C shows secreted IFNy levels in an activated CD8+ T cell assay in response to
treatment with bispecific antibodies TY24051 (dark gray squares), TY24052 {(dark gray circles),
TY25023 (light gray squares), and TY25026 (light gray circles). The log-transformed
concendration of antibody tn nM is indicated on the x-axis, and concentration of IFNy in
picograms/mL 1s ndicated on the y-axis.

[B090] FIGs. 224-228 show cytokine release in cynomolgus mounkeys treated with parental or
activatable bispecific antibodies.

[8091] FIG. 22A shows the level of cytokines TFNy, 1L-2, IL-6, TNFq, IL-5, and [L.-4 released
m response to treatment with bispecific antibodies TY24051 (dark gray squares), TY24052 {dark
gray circles), TY25023 (hight gray squares), and TY25026 (Iight gray circles). The x-axis shows
the time following admimistration i hours, and the y-axis shows the concentration of the
cytokine in picograms/mL. The points in time at which 0.2, 0.5, and 0.9 mg/kg (“mpk™) doses of
antibody were administered are indicated above each plot with arrows. The level of 11-6 release
is also provided in FIG. 24F, with a log-transformed y-axis.

[6492] FIG, 228 shows the level of cytokines IFNy, 1L-2, HL-6, TNFuo, IL-5, and [L-4 released
in response to treatment with bispecific antibodies TY24051, TY24052, TY25023, and
TY25026. The x-axis shows the time following administration in hours, and the y-axis shows the
log-transformed concentration of the cytokine in picograms/mL. The points in time at which 0.2,
0.5, and 0.9 mg/kg doses of antibody were administered are indicated above each plot with
arrows. The level of IL-6 release is also provided in FIG. 24F, with a log-transformed y-axis.
[8093] FIG, 23 shows the level of CD4+ (left plot) and CD&+ (right plot} T cell activation in
response {o treatment with bispecific antibodies TY24051 (dark gray squares), TY24032 (dark
eray circles), TY25023 (light gray squares), and TY23026 (light gray circles). The x-axis shows
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the time following administration in hours, and the y-axis shows the percentage of CD6SH+ T
cells. The points in time at which 0.2, 0.5, and 0.9 mg/kg (“mpk”) doses of antibody were
administered are indicated above each plot with arrows.

[8094] FIGS, 24A-24F show results from a study of cynomolgus monkeys treated with parental
or activatable bispecific antibodies.

[0095] FIG, 24 A shows the level of T cells per ul. for total T cells (top), CD4+ T cells (bottom,
left), and CD8+ T cells (bottom, right) in monkeys in response to treatment with bispecific
antibodies TY24051 {(dark gray squares), TY24052 (dark gray circles), TY25023 (light gray
squares), and TY25026 (light gray circles). The x-axis shows the time following administration
in hours, and the y-axis shows the number of cells per ul.. The points in time at which 0.2, 0.5,
and 0.9 mg/kg (“mpk™) doses of antibody were administered are indicated above each plot with
ArToOws.

[6096] FIG. 248 shows the level of B cells (left) and NK cells (right) per uL. in monkeys in
response to treatment with bispecific antibodies TY24051 (circles), TY24052 {squares),
TY25023 (triangles pointing up), and TYZ5026 (triangles pointing down). The x-axis shows the
time following administration in hours, and the y-axis shows the number of cells per pL. The
points i time at which 0.2, 0.5, and 6.9 mg/kg (“mpk”) doses of antibody were admuinistered are
mdicated above each plot with arrows.

[6497] FIG. 24C shows the level of bispecific antibodies TY24051 (circles), TY24052
(squares}, TY25023 (triangles pointing up}, and TYZ25026 {(triangles pointing down) in
eynomoligus monkeys. The x-axis shows the time following administration in hours, and the y-
axis shows the log-transformed concentration of antibody in pg/mL. The points in time at which
0.2, 0.5, and 0.9 mg/ke (“mpk”) doses of antibody were administered are indicated above each
plot with arrows.

[6498] FIG. 24D shows plasma concentrations of bispecific antibodies and pharmacokinetics
parameters in monkeys treated with bispecific antibodies.

[80¢99] FIG, 24K shows IL-6 release in monkeys treated with bispecific antibodies. The parental
bispecitic antibody is shown in squares, and the activatable bispecific antibody is shown in

circles.
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[B108] FIG. 24F shows absolute fymphocyte count in monkeys treated with bispecific
antibodies. The parental bispecific antibody is shown i squares, and the activatable bispecific
antibody is shown in circles.

[6161] FiGs. 25A-258 provide a flow cytometry analysis of yeast cell surface display of anti-
HER? antibodies. In each scatterplot of ¥lGs, 25A-258, the x-axis shows the level of Fab or
scFv displayed on the veast cell {(detected by the binding of an antibody to the affinity tag fused
to the anti-HERZ antibody), and the y-axis indicates the level of HER2-binding {detected by the
binding of PE conjugated streptavidin to biotinylated human HER2-Fc),

[6162] FIG. 25A shows the binding of Fabs to HER2.

[6183] FIG. 258 shows the binding of scFvs to HER2.

[6184] FIG. 26 shows the results of four rounds (R1, R2, R3, and R4) of FACS to screen a CPL
yeast Hibrary for masking peptides to mask binding to 10 oM of bictinylated HERZ2-Fe. In each
scatterplot of FIG, 26, the x-axis indicates the level of myc-tagged anti-HER2 antibody, and the
y-axis indicates the level of indicates the level of HER2-binding.

[0165] FiGs. 27A-278 show FACS analyses of binding of the selected trastuzumab-derived
activatable anti-HER2 antibodies. In each scatterplot of FI{s, 27A-278, samples were treated
with the buffer PBSA (left) or TEV protease {right}, the x-axis shows the level of Fab or scFv
displayed on the yeast cell {detected by the binding of an antibody to the affinity tag fused to the
anti-HERZ2 antibody), and the y-axis indicates the level of HER2-binding {detected by the
binding of PE conjugated streptavidin to biotinylated human HER2-Fc).

[6186] In FIG. 27A, the anti-HERZ anttbody (B14126) is in the scFv format.

(81877 In FIG. 278, the anti-HER2 antibody (B14132) 1s 1n the Fab format.

[6108] FIG, 28 shows a Biolayer Interferometry analysis of binding of parental (trastuzumab)
and activatable anti-HERZ antibodies {TY22841, TY22842, TY22839, TY22838, and TY22837)
to His-tagged HER2, as a measurement of the masking efficiency of the activatable antibodies.
The x-axis indicates time in seconds, and the y-axis indicates the level of binding.

[8109] FIGs. 29A-29C show binding of parental {(trastuzumab, black circles) and activatable
anti-HER2 antibodies to recombinant HERZ-Fc, as determined by an ELISA. The log-
transformed concentration of antibody in M is indicated on the x-axis, and the absorbance at a

wavelength of 450 nm is indicated on the y-axis.
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[B11¢] FIG. 29A shows resulis for TY22836, TY2237, TY2238, TY2239, TY2240, TY2241,
TY2242, TY2243, and trastuzumab.

[6111] FIG. 298 shows results for TY22846, TY2247, TY2250, TY2251, TY2252, TY2253,
TY2254, and trastuzumab.

[6112] FIG. 29C shows resulis for TY23523, TY23525, TY23526, TY23533, TY23536,
TY23537, and trastuzumab.

[8113] FIG. 30 provides reduced a SDS-PAGE showing TY22837 alone {(lane 1} or inthe
presence of the protease MMP-9 (lane 2).

[8114] FIG. 31 shows binding of parental anti-HER2 antibody (trastuzomab, black circles) and
TY 22837 to recombinant HER2-Fe, as determined by an ELISA. TY22837 binding 1s shown for
TY22837 alone (triangles pointing down)} or in the presence of the protease MMP-9 (triangles
pointing up). The log-transformed concentration of antibody in M 1s indicated on the x-~axis, and
the absorbance at a wavelength of 450 nun 1s indicated on the y-axis.

[8115] FIG. 32 shows the level of SK-0OV-3 cell binding by parental (trastuzumab, black circles)
and activatable (TY22837, white circles; TY23536, squares) anti-HER?Z antibodies. The log-
transformed concentration of antibody in nM 15 mmdicated on the x-axis, and mean fluorescence
mtensity (MFT) of the binding of a secondary anti-human IgG antibody 1s indicated on the y-axis.
[3116] FIGs. 33A-33C show the results of three stress tests of activatable anti-HERZ2 antibodies
TY22837 (left column) and TY22838 (right colurn}. Tn each of FIGs. 33A-33C, the x-axis
shows time in minutes, and the y-axis shows the level of antibody aggregation, as indicated by
absorbance units at 214 nm.

(01171 FIG. 33A shows results after the activatable antibodies underwent three or six freeze-
thaw cycles.

[6118] FIG. 338 shows results after incubation of the activatable antibodies at 50°C for 7 days.
[6119] FIG, 33C shows results after incubation of the activatable antibodies at 40°C for 28 days.
[8128] FIGs. 34A-248 show binding of parental {trastuzumab) and activatable anti-HER2
antibodies to recombinant HER2-Fe, as determined by an ELISA. The length of the masking
peptides of the activatable antibodies was modified, as shown in Table 19. In each of FIGs.
34A-34B, the log-transformed concentration of antibody in M is indicated on the x-axis, and the

absorbance at a wavelength of 450 nm is indicated on the v-axis.
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[8121] FIG. 34A shows the results for trastuzumab {circles), TY23171 {triangles pointing up),
TY23172 {triangles pointing down}, and TY 22836 (squares).

[8122] FIG. 348 shows the results for trastuzumab (circles), TY23173 {(squares), TY23174
(triangles pointing down), and TY22837 (triangles pointing down)}.

[8123] FiGs, 35A-35C show lymphocyte counts, T cell activation, and pharmacokinetic
parameters in cynomolgus monkeys treated with the CD3 masked only bispecific antibody
TY25362.

[8124] FIG, 354 shows the level of cells per ul. for total T cells (top, left), CD4+ T cells (top,
center), CD8+ T cells {top, right), B cells (bottom, left}, and NK cells (bottor, right) in monkeys
in response to treatment with the CD3 masked only bispecific antibody TY25362. The x-axis
shows the time following administration in howrs, and the y-axis shows the number of cells per
ul. The points 1in time at which 1, 10, and 30 mg/kg (“ropk”) doses of antibody were
administered are indicated above each plot with arrows.

[8125] FIG. 35B shows the level of CD4+ (left plot) and CDB+ (right plot) T cell activation in
response to treatment with bispecific antibody TY25362. The x-axis shows the time following
adomnistration in hours, and the y-axis shows the percentage of CD69+ T cells. The points
time at which 1, 10, and 30 mg/kg (“mpk™) doses of antibody were administered are indicated
above each plot with arrows.

[¢126] FIG. 35C shows the level of TY25362in cynomoigus monkeys. The x-axis shows the
time foliowing administration in hours, and the y-axis shows the log-transformed concentration
of antibody n pg/mi. The points in time at which 1, 10, and 30 mg/kg (“mpk™} doses of
antibody were administered are indicated above each plot with arrows.

[6127] FiGs. 36A-36E show binding atfinity measurements of TY25023 and TYZ24051 to CD3.
[8128] FIG. 36A shows the ECspand Kd of TY25023 and TYZ24051 binding to human or
monkey CD38g as determined by an ELISA or Biacore interferometry, respectively.

[8129] FIG. 368 shows binding of TY25023 and TY24051 to human CD38¢ as determined by
ELISA. The ECso of binding human CD3de 15 indicated for each antibedy in nM in the table to
the right of the plot.

[81360] FIG, 36C shows binding of TY25023 and TY24051 to monkey CD38¢ as determined by
ELISA The ECspof binding monkey CD35¢ 15 indicated for each antibody 1n nM in the table to

the right of the plot.
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[8131] FIG. 36D shows binding of TY25023 and TY 24051 to human CD38e as determined
using Biacore interferometry.

[8132] FIG. 36K shows binding of TY25023 and TY24051 to monkey CD33¢ as determined
using Biacore interferometry.

[6133] FiGs, 37A-37D show the resulis of cytokine release assays in cynomolgus monkeys
treated with parental or activatable anti-CD3 and anti-CD20 bispecific antibodies, as measured
by ELISA.

[8134] FIG, 37A shows the level of IL-2 in cynomolgus monkey serum over time. The x-axis
shows the time following administration in hours, and the y-axis shows the level of IL-2 in
pg/ml. The point 1o time at which the 0.3 mg/kg dose of antibody was administered is indicated
with an arrow. TY25455 15 shown as circles, TY25606 15 shown as squares, TY25715 1s shown
as triangles pointing up, and TYZ25816 1s shown as triangles pointing down.

[6135] FIG. 37B shows the peak level of IL-2 in cynomolgus monkey serum. The x-axis
mdicates the identity of the antibody, and the y-axis shows the peak level of I1L-2 in pg/mL..
[6136] FIG. 37C shows the level of IFN-y 1n cynomolgus monkey serum over time. The x-axis
shows the time following administration in hours, and the y-axis shows the level of IFN~y in
pg/ml. The pomnt in time at which the 0.3 mg/kg dose of antibody was administered 13 indicated
with an arrow. TY25455 is shown as circles, TY25606 is shown as squares, TY25715 15 shown
as triangles pointing up, and TY25816 1s shown as triangles pointing down.

[8137] FIG. 37D shows the peak level of IFN-y cynomolgus monkey serum. The x-axis
mdicates the identity of the antibody, and the y-axis shows the peak level of IFN-y in pg/ml.
[0138] FiGs., 38A-38C show measurements of pharmacodynamics markers in cynomolgus
monkeys treated with parental or activatable anti-CD3 and anti-CD20 bispecific antibodies,
measured using FACS.

[8139] FIG, 38A shows lymphocyte {top left), CD3+ T cell {top right), and CD19+ B cell
{bottom left) counts over the first 24 hours following antibody administration. In each plot, the x-
axis shows the time following administration in hours, and the y-axis shows the cell count in
x10” cells/L. The points in time at which the 0.3 mg/kg dose of antibody was administered is
mdicated with an arrow. TY25455 is shown as circles, TY25606 is shown as squares, TY25715

is shown as triangles pointing up, and TY25816 is shown as triangles pointing down.
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[8148] FIG. 388 shows lymphocyte {top left), CD3+ T cell {top right}, and CD19+ B cell
(bottom left} counts over 14 days following antibody administration. In each plot, the x-axis
shows the time following administration in hours, and the y-axis shows the cell count in x10°
cells/L. The points in time at which the 0.3 mg/kg dose of antibody was administered is indicated
with an arrow. TY25455 15 shown as circles, TY25606 is shown as squares, TY25715 is shown
as triangles pointing up, and TY25816 is shown as triangles pointing down.

[0141] FIG. 38C shows CD3+CD8+ T cell (top left), CD3+CD4+ T cell (top right),
CD8+CD6%+ T cell {bottorn left), and CD4+CD6S+ T cell (bottom right) counts over 14 days
following antibody administration. In each plot, the x-axis shows the time following
administration in hours, and the y~-axis shows the percentage of cells vs. the level of
Iyrophocytes. The points in time at which the 0.3 mg/kg dose of antibody was admunistered 15
indicated with an arrow. TY25455 1s shown as circles, TY25606 is shown as squares, TY25715
15 shown as triangles pointing up, and TY25816 13 shown as triangles ponting down.

[8142] FiGs. 39A4-398 show measurements of pharmacodynamics markers in cynomolgus
monkeys treated with the activatable anti-CD3 and anti-CD20 bispecific antibody TY25606,
measuring using FACS.

[€143] FIG. 39A shows lymphocyte {top left), CD3+ T cell {top right}, and CD19+ B ¢ell
(bottom left) counts over 50 days following antibody administration. In each plot, the x-axis
shows the time following administration in hours, and the y-axis shows the cell count in x10°
cells/L. The points in time at which the 0.3 and 1 mg/kg doses of antibody were administered are
mdicated with arrows.

[8144] FIG. 398 shows CD3+CD8+ T cell (top left), CD3+CD4+ T cell (top right),
CDB+CDE%+ T cell (bottom left), and CD4+CD69+ T eell (bottom right) counts over 50 days
following antibody administration. In each plot, the x-axis shows the time following
administration in hours, and the y-axis shows the percentage of cells vs. the level of
lymphocytes. The points in time at which the 0.3 and 1 mg/ke doses of antibody were
admunistered are indicated with arrows.

[8145] FIG. 40 shows the level of total human IgG in cynomolgus monkeys treated with the
activatable anti-CD3 and anti-CD20 bispecific antibody TY25606, measured using FACS. The x-

axis shows the time following administration in hours, and the y-axis shows the log-transformed
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level of total human [gG in pg/mL. The points in time at which the 0.3 and 1 mg/ke doses of
antibody were administered are indicated with arrows.

[0146] FiGs, 41A-418 show the effect of parental or activatable anti-CD3 and anti-CD20
bispecific antibodies on a reporter assay with or without Raii tumor cells,

[8147] FIG. 41 A shows the reporter assay with Raji tumor cells. The x-axis shows the log-
transformed concentration of antibody in M, and the y-axis shows the relative luminescence
units (“RLU") of the reporter. The gray area represents the calculated peak concentration in
cynomolgus serum at the 0.3 mg/kg dosage. TAC2392 1s shown as black circles, TAC2415 1s
shown as white circles, TY25455 is shown as black squares, TY25606 i1s shown as white
squares, TYZ25715 1s shown as triangles pointing up, TY23816 13 shown as triangles pointing
down, and an isotype control i3 shown as diamonds.

[8148] FIG, 41B shows the reporter assay without Raji tumor cells. The x-axis shows the log-
transformed concentration of antibody in nM, and the y-axis shows the relative lununescence
units (“RLU”Y of the reporter. TAC2392 18 shown as black circles, TATU2415 13 shown as white
circles, TY25455 15 shown as black squares, TY25606 15 shown as white squares, TY25715 18
shown as triangles pointing up, TY25816 1s shown as triangles pointing down, and an 1sotype
control is shown as diamonds.

[3149] FiGs. 42A4-428 show the effect of parental or activatable anti-CD3 and anti-CD20
bispecific antibodies on a reporter assay with or without SU-DHL-4 tumor cells.

[B15¢] FIG. 42A shows the reporter assay with SU-DHIL-4 tumor cells. The x-axis shows the
log-transformed concentration of antibody in nM, and the y-axis shows the relative luminescence
units (“RLU”) of the reporter TAC2392 1s shown as black circles, TACZ415 is shown as white
circles, TY25455 is shown as black squares, TYZ23606 is shown as white squares, TY25715 is
shown as triangles pointing up, TY25816 is shown as triangles poiniing down, and an isotype
control is shown as diamonds. The gray area represents the calculated peak concentration in cyno
serum at the 0.3 mg/kg dosage.

[8151] FIG, 428 shows the reporter assay without SU-DHL-4 tumor cells. The x-axis shows the
log-transformed concentration of antibody in nM, and the y-axis shows the relative luminescence
units (“RLUT) of the reporter. TAC2392 is shown as black circles, TAC24135 is shown as white

circles, TY25455 is shown as black squares, TY23606 is shown as white squares, TY25715 s



WO 2022/171192 PCT/CN2022/076000

shown as triangles pointing up, TY25816 is shown as triangles pointing down, and an 1sotype
control is shown as diamonds.

[0152] FiGs. 43A-438 show the effect of parental or activatable anti-CD3 and anti-CD20
bispecific antibodies on an in vitre B cell killing assay, using PBM(s.

[8153] FIG. 43A shows the level of endo B cell killing. The x-axis shows the log-transformed
concentration of antibody in nM, and the y-axis shows the percentage of human endo B cell
killing. AC1281 is shown as black circles, TAC2415 1s shown as white circles, TY25455 is
shown as black squares, TY25606 is shown as white squares, TY25715 1s shown as triangles
pointing up, TY25816 is shown as triangles pointing down, and an 1sotype control s shown as
diameonds. Below the plot, the ECso of B cell killing for each antibody 1s shown in nM.

[6154] FIG. 438 shows the level of CD8+ T cell activation. The x-axis shows the log-
transformed concentration of antibody in oM, and the v-axis shows the percentage of CD69+
cells in the CD8+ T cell population. TAC2392 13 shown as black circles, TAC2415 15 shown as
white circles, TY25455 15 shown as black squares, TY2Z5606 1s shown as white squares,
TY25715 1s shown as triangles pointing up, TYZ25816 1s shown as trangles poimnting down, and
an 1sotype control is shown as diamonds. Below the plot, the ECso of T cell activation for each
antibody 13 shown 1n nM.

[8155] FIG. 44 shows the level of T and B cell binding to antibodies TAC2392 (black circles),
TY2455 (black trnangles pointing down), and an 1sotype control (white circles) as measured
using FACS, using PBMCs. In each plot, the x-axis shows the log-transformed concentration of
antibody 1o nM, and the y-axis shows the level of binding, as mean fluorescence intensity
(“MFT7}. Binding to human D4+ T cells 1s shown on the upper left, binding to human CD8+ T
cells 1s shown in the upper center, binding to human B cells is shown on the upper right, binding
to monkey CD4+ T cells 1s shown on the lower left, binding to monkey CD8+ T cells is shown
on the lower center, and binding to monkey B cells is shown on the lower right. Below the plots,
the ECso of TAC2392 and TY2455 binding to each cell type is shown in nML

[156] FIG. 45 shows tumor volume over time in female M-NSG imnmunodeficient mice with
human PBMCs and EMT6 mouse breast cancer cells stably transfected with HER2. The mice
were administered 5 mg/kg of the antibodies TY24051 (black circles), TY25023 (triangles
pointing up), TY25026 (squares), TY23362 (triangles pointing down), and an isotype control

{white circles). The x-axis indicates the number of days post inoculation, with the points in time
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at which doses of antibody were administered indicated with arrows, and the y-axis shows tumor
volume in mm’.

[0157] FIG. 46 shows a schematic diagram of a proposed SAFEbody mechanism of action. As
shown at left, when a SAFEbody is in proximity to normal tissues {e. g., tissues lacking an
epitope bound by the SAFEbody), the SAFEbody remains masked. Without wishing to be bound
by theory, two paths are envisioned for the mechanism by which a SAFEbody binds a target site.
In path 1, a cleavable moiety is cleaved by a protease in proximity to the tumor tissue, thereby
removing the masking moiety and unmasking the SAFEbody so that it can bind the target. In
path 2, the cleavable moiety is not necessarily cleaved, and binding of the SAFEbody for the
target is in competition for hinding of the SAFEbody to the masking moiety. Upon binding of the
SAFEbody to the target site, the cleavable moiety can be cleaved by a protease, thereby
unmasking the SAFEbody.

[158] FiG. 47 shows induction of luciferase expression in Jurkat/NFAT-Luc reporter line by
the CD20xCD3 bispecific antibodies in the presence of target Raji cells used to screen additional
CD20xCD3 bispecific antibodies.

[3159] FI(G. 48 shows tumor growth curves of different treatroent groups (N=6) of female M-
NSG mice bearing Raji-established tumors.

[3160] FIGs, 49A4-498 show PK stady of TY25455 and TY256(6 on tumor-bearing mice. FIG.
494 shows the concentration of TY25455 in tuwor-bearing mice at different time points with
different dosing strategies. FiG. 498 shows the concentration of TY25606 in tumor-bearing
mice at different time points with different dosing strategies.

[8161] FiGs, 58A-50D show cynomolgus monkey toxicity and pharmacology studies of single
dose injection of the CD20xCD3 bispecific or SAFEbody/bispecific antibodies. FIG. 56A shows
a plot of normalized CD19'B cell percentage over time in blood samples from cynomolgus
monkeys treated with a single dose of drugs. FI{. 58B shows a plot of normalized CD3"T cell
percentage over time in blood samples from cynomolgus monkeys treated with a single dose of
drugs. FIG. 568C shows the pre-dose and post-dose levels (pg/mL} of IFN-vy for cynomolgus
monkeys treated with a single dose of drugs. FIG. 56D shows the pre-dose and post-dose levels
{pg/mL) of IL-2 for cynomolgus monkeys treated with a single dose of drugs.

[6162] FEGs. 51A-51C show the binding affinities of the HER2xCD3 bispecific antibodies to
D3 and HER?2 as determined by enzyme-linked immunosorbent assays (ELISAs). FIG, 51A

o
~d
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shows the CD35e ELISA binding curves of bispecific antibodies TY24051, TY25238 and
TY25023. FIG. 51B shows the CD3 &g ELISA binding curves of bispecific antibody TY25238
and activatable antibodies TY27151 and TYZ27008. F1G. 51C shows the HERZ ELISA binding
curves of trastuzumab, bispecific antibody TY25238 and activatable antibodies TY27151 and
TY27008.

[8163] FiGs. 52A-52C show results of killing assays of SKOV3 (FIG, 524}, MCF7 (FiG.
52B) and A549 cells (FIG. 52C) by CD8+T cells in the presence of bispecific antibodies
TY25023, TY24051, and TY25238.

(81647 FIGs. 33A-53B show cleavage efficiencies of the masking moieties on the anti-CD3
(FIG., 33A) and anti-HER2 (FIG, 533B) antibody moieties in various HERZxCD3 hispecific
antibodies.

[6165] FiIGs. 84A-848B show in vivo anti-tumor efficacy of the HER2xCD?3 antibodies and
negative control in HER2 expressing tumors (SK-OV3) in g xenogeneic m vivo tumor model.
Data points represent group mean; error bars represent SEM,

[#166] FIGs. 353A-55C show PK data in cynomolgus monkeys treated with HER2xCD3
bispecific antibodies. FEG. 853C shows systemic ¢ytokine refease (IL-6, IFN-y, IL-2, and TNF-
o) 11 cynomolgus monkeys,

[8167] FEGs. 56A-368 show in virro cytokine release, including IFN-y (FIG. 36A) or IL-2
(FI1(:. 36B) by human PBMCs in the presence of MCF7.

[0168] FiGs. 57A-578B show in vive anti-tumor efficacy of the HERZxCD3 antibodies and
negative control in HER2 expressing tamors (SK-OV3)} in a xenogeneic in vivo tumor model.
Data points represent group mean; error bars represent SEM.

[6169] FIG. 58 shows lymphocytes margination induced by TYZ25023, TY25026 and TY25362.
[8178] FIG. 59 shows cytokine release levels in cynomolgus monkeys administered with
TY25023, TY25026 and TY25362 as determined by ELISA.

[8171] FIEG. 60 shows PK curves in cynomolgus monkeys administered with TY25023,
TY25026 and TY25362.

[6172] FIG. 61 shows the results of a luciferase-based CD3 gene reporter assay characterizing
effect of anti-HER2xCD?3 activatable/bispecific antibodies on activation of CD?3 signaling.
[6173] FIG. 62 shows in vivo anti-tumor efficacy of anti-HER2xCD3 bispecific parental
antibody TY25238 and activatable antibodies TY27008 and TY27151 in PBMC-engrafted HT55
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xenograft model. Data points represent group mean; error bars represent SEM. Antibody dosing
is denoted by arrows.

[8174] FIG. 63 shows in vivo anti-tumor efficacy of anti-HER2xCD3 bispecific activatable
antibody TY27151 in PBMC-engrafted HTSS xenograft model, as compared to trastuzumab, DS-
8201 ADC, or vehicle. Data points represent group mean: error bars represent SEM. Antibody
dosing is denoted by arrows.

[0175] FIGS. 644 & 64B show synergistic anti-tumor efficacy of anti-HER2xCD?3 bispecific
activatable antibody TY27151 in combivation with anti-CD137 tuAb in an MC38-hHER2
nurine colon cancer syngeneic model. FIG. 64A shows in vive anti-tumor efficacy of anti-
HER2xCD3 bhispecific activatable TY27151 in the MC38-hHER2 murine colon cancer syngeneic
model. Antibody dosing is denoted by arrows. FIG. 64B shows results of MC38-hHERZ tumor
rechallenge without further antibody treatment. Arrow indicates tumor re-challenge. In both
figures, data points represent group mean; error bars represent SEM.

[8176] FIG. 65 shows in vive anti-tumor efficacy of anti-HER2xCID3 bispecific activatable
antibody TY27151 administered as a monotherapy or in combination with the anti-PD-1 mAb
2E5 in PBMC-engrafted SK-OV3 xenograft model. Data points represent group mean; error

bars represent SEM. Antibody dosing is denoted by arrows.

DETAILED DESCRIPTION
[#177] The present application provides masked multispecific antibodies comprising a first
antigen-binding fragment that specifically binds CD3 with weak affinity and a second antigen-
binding fragment that specifically binds a target antigen, wherein the first antigen-binding
fragment 13 fused to a first masking moiety. The masking moiety may be fused to the first
antigen-binding fragment via a cleavable hnker or a non-cleavable linker. Without wishing to be
bound by theory, it is believed that a multispecific antibody comprising a first masking motiety
can be in a state of dynamic equilibrium between a masked state in which the antigen-binding
fragment that specifically binds CD3 is bound to the masking moiety, and a CD3-bound state in
which the antigen-binding fragment that specifically binds CD3 is bound to CD3. Accordingly,
the relative binding affinities of the masking motety for the antigen-binding fragment and the
antigen-binding fragment for CD3 determine the extent to which the antibody actually engages
CD3. Due to the weak affinity of the first antigen-binding fragment and the high masking

efficiency of the first masking moiety, the multispecific antibodies described herem provide a
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wide therapeutic window and reduce side effects associated with non-specific binding. The
multispecific antibodies described herein provide a safe and effective therapeutic approach for
treatment of various diseases and conditions, including hiquid and solid cancer that is associated
with the target antigen.

[8178] Accordingly, one aspect of the present application provides a multispecific antibody
comprising: a) a first antigen-binding fragment that specifically binds CD3, wherein the first
antigen-binding fragment is fused to a first masking moiety (MM1); and b} a second antigen-
binding fragment that specifically binds a target antigen; wherein the MM1 competes with CD3
to specifically bind the first antigen-binding fragment; and wherein the first antigen-binding
fragment binds CD3 with half-maximal binding at a concentration of antibody (ECse) that ts at
least 10 nM (e.g., at least 100 nM) as determined by an enzyme-linked imrounosorbent assay
(ELISA, such as the ELISA assay of Example 3}. In some embodiments, the MM comprises an
amino acid sequence of SEQ [D NO: 35 or 417, In some embodiments, the target antigen 15
HER2. In some embodiments, the target antigen 13 CD20,

[617%] In some embodiments, the present application provides activatable multispecific
antibodies {also referred to as “activatable multispecific T-cell engager” or “SAFEbody
multispecific T-cell engager”) comprising a first antigen-binding fragment that specifically binds
CD3 with weak affinity and a second antigen-binding fragment that specifically binds a target
antigen, wherein the first antigen-binding fragment 1s fused to a first masking motety via a first
cleavable moiety. In some embodiments, the second antigen-binding fragment is fused to a
second masking motety via a second ¢leavable moiety. An exemplary type of activatable
multispecific antibodies 1s a TAAXCD3 SAFEbody bispecific T-cell engager ("SAFE-bsAb”) A
TAAxCD3 SAFE-bsAb molecule comprises an antigen-binding fragment of an antibody that
spectfically binds to a tumor-associate antigen (““TAA™), which may be masked or unmasked,
and a masked anti-CD3 antigen-binding fragment. Exemplary SAFE-bsAbs described herein
include HERZxC3 SAFEbody {e.g., see Examples 1-2, 5-8 and 13) and CD20xCD3 SAFEbody
{e.g., see Example 9-12}. In circulation or healthy tissues, the activaiable antibody 1s inactive
because the masking moieties can block antigen binding. However, upon cleavage of the
cleavable moieties at a target site (e.g., a disease site), the activatable antibody is activated to
bind to both CD3 and the target antigen {e.g., TAA). Due to the weak affinity of the first antigen-

binding fragment and the high masking efficiency of the first masking moiety, the activatable
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multispecific antibodies described herem provide a wide therapeutic window and reduce side
effects associated with non-specific binding. For example, the exemplary TAAxCD3 SAFE-
bsAbs in their activated forms have been observed to potently stimulate T-cell activation and
TAA+ tumor cell killing. Additionally, no visible cytokine release syndrome and other adverse
monkeys, even at high dosage levels (see, for example, FIGs. 50C-50D and 39). Further, the
activatable multispecific antibodies described herein exhibit improved stability and more robust
expression levels relative to parental antibodies. The activatable multispecific antibodies
described heren provide a safe and effective therapeutic approach for treatment of various
diseases and conditions, including hiquid and solid cancer that is associated with the target
antigen.

[6186] Accordingly, one aspect of the present application provides an activatable multispecific
anttbody comprising: a) a first antigen-binding fragment that specifically binds CD3, wherein the
first antigen-binding fragment 1s fused to a first masking moiety (MM1) via a first cleavable
motety (CM1); and b} a second antigen-binding fragment that specifically binds a target antigen;
wherein the CM1 comprises a first cleavage stte; wherein the MM inhubtts binding of the
activatable antibody to CD3 when the CM1 1s not cleaved; wherein the activatable muitispecific
antibody binds to CD3 via the first antigen-binding fragment when the CM1 1s cleaved, and
wherein the first antigen-binding fragment binds CD3 with half~-maximal binding at a
concentration of antibody (ECso} that is at least 10 nM {e.g., at least 100 nM) as determined by
an enzyme-linked romunosorbent assay (ELISA, such as the ELISA assay of Example 3). In
some embodiments, the MM1 comprises an aming acid sequence of SEQ ID NO: 35 0r 417 In
some embodiments, the CM1 comprises an amino acid sequence of SEQ 1D NO: 77 or 418 In
some embodiments, the target antigen 1s HERZ2. In some embodiments, the target antigen 1is
CD20.

[8181] Also provided are isolated anti-CD3 antibodies, masked anti-CD3 antibodies {including
activatable anti-CD3 antibodies), masked anti-HERZ antibodies (including activatable anti-

HER? antibodies), compositions, methods of preparation and methods of use.

i. Definitions

[0182] Terms are used herein as generally used in the art, unless otherwise defined as follows.
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[8183] The term “anttbody” herein is used n the broadest sense and encompasses various
antibody structures, including but not himited to (including full length monoclonal antibodies},
multispecific antibodies {e.g., bispecific antibodies), and antibody fragments so long as they
exhibit the desired biological activity.

[8184] The term “antigen-binding fragment” refers to one or more portions of an antibody that
retain the ability to bind to the antigen of the antibody. Examples of “antigen-binding fragment”
of an antibody include, but are not limited to, (1) a Fab fragment, a monovalent fragment
consisting of the Vi, Vi, CLand Cy: domains; (11) a F{ab'); fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (111) a Fv
fragment consisting of the Vyand Vy domains of a single arm of an antibody, (v) a single chain
Fv fragment comprising the VH and VL domains of an antibody, and the VH and VL domains
are fused to each other; and (v1) a single chain Fab fragment comprising a single polypeptide
comprising the Vi, Vi, CLand Car domains,

[8185] The term “antibody” includes, but is not limited to, fragments that are capable of binding
antigen, such as Fv, Fab, Fab’, and (Fab™),. Papain digestion of antibodies produces two identical
antigen-binding fragments, called “Fab” fragments, each with a single antigen-binding site, and a
residual “F¢” fragment, whose name reflects its ability to crystallize readily. Pepsin treatment
yields an F{ab™}; fragment that has two antigen-combining sites and 1s still capable of cross-
hinking antigen. The term antibody also includes, but 13 not limited to, chimeric antibodies,
humanized antibodies, and antibodies of various species such as mouse, human, cynomolgus
monkey, efc.

[8186] The term “monocional antibody” as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodigs, i.e., the individual antibodies comprising
the population are identical and/or bind the same epitope, except for possible variant antibodies,
e.g., containing naturally occurring mutations or arising during production of a monoclonal
antibody preparation, such variants generally being present in nunor amounts. In contrast to
polyclonal antibody preparations, which typically include different antibodies directed against
different determinants {(epitopes), each monoclonal antibody of a monoclonal antibody
preparation is directed against a single determinant on an antigen. Thus, the modifier
“monoclonal” indicates the character of the antibody as being obtained from a substantially

homogeneous population of antibodies, and 15 not to be construed as requiring production of the
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antibody by any particelar method. For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a variety of techniques, including but not
limited to the hybridoma method, recombinant DNA methods, phage-display methods, and
methods utilizing transgenic animals containing all or part of the human immunoglobulin loey,
such methods and other exemplary methods for making monoclional antibodies being described
herein.

[6187] The term “hypervariable region” or “HVR,” as used herein, refers to each of the regions
of an antibody variable domain, which are hypervariable in sequence. HVRs may form
structurally defined loops (“hypervariable loops™). Generally, native four-chain antibodies
comprise six HVRs; three in the VH (H1, H2, H3}, and three in the VL. (L1, L2, L.3). HVRs
generally comprise amino acid residues from the hypervariable loops and/or from the
“complementarity determining regions” {CDRs), CDRs being of highest sequence varability
and/or mvolved in antigen recognition. Exemplary hypervariable loops occur at amino acid
residues 26-32 (L1}, 50-52 (1.2}, 91-96 (L3}, 26-32 (H1}, 53-55 (H2}, and 26-101 (H3). (Chothia
and Lesk, J. Mol Bioi. 196:901-917 (1987).) Exemplary CDRs (CDR-L1, CDR-L2, CDR-L3,
CDR-H1, CDR-H2, and CDR-H3} occur at amino acid residues 24-34 of L1, 50-56 of 1.2, 9-97
of L3, 31-358 of H1, 50-65 of H2, and 95-102 of H3. (Kabat ¢7 al., Sequences of Protens of
Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health, Bethesda,
MDD (1991} With the exception of CDR1 1n VH, CDRs generally comprise the amino acid
residues that form the hypervariable loops. CDRs also comprise “specificity determining
residues,” or “SDRs,” which are residues that contact antigen. SDRs are contained within
regions of the CDRs called abbreviated-CDRSs, or a-CDRs. Exemplary a-CDRs (a-CDR-L1, a-
CDR-1.2,) a-CDR-L3, a-CDR-H1, a-CDR-H2, and a-CDR-H3) occur at amino acid residues 31-
34 of L1, 50-55 of L2, 89-96 of L3, 31-35B of H1, 50-58 of H2, and 95-102 of H3. (See
Almagro and Fransson, Front. Biosci. 13:1619-1633 (2008}). Unless otherwise indicated, HVR
residues and other residues in the variable domain (e.g., FR residues) are numbered herein
according to Kabat ef o/, supra.

[8188] Table I below provides exemplary CDR definitions according to various algorithms
known in the art.

TABLE I: CBR DEFINITIONS

Kabat! Chothia? MacCallum® MGTY AHo6"
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VH CDRI 31-35 26-32 30-35 27-38 25-40
YH CDR2 50-65 53-55 47-58 56-65 58-77
VHCDR3 95-102 96-101 93-101 105-117 109-137
VL CDR1 24-34 26-32 30-36 27-38 25-40
YL CDR2 50-56 50-52 46-55 56-65 58-77
VL CDR3 89-97 91-96 89-86 105-117 109-137

Residue numbering follows the nomenclature of Kabat et al., J. Biol. Chem. 252:6609-6616 (1977); Kabat et al., U7.5.

Dept. of Health and Human Services, “Sequences of proteins of immunological interest” (1991).

*Residue numbering follows the nomenclature of Chothia ef ¢l J. Mol Riol. 196:901-917 (1987); Al-Lazikani B. ef

al., J. Mol Biol., 273: 927-948 (1997).

SResidue numbering follows the nomenclature of MacCallum er al., J. Mol. Biol. 262:732-745 (1996); Abhinandan

and Martin, Mol. immunol., 45: 3832-3839 (2008).

“Residue numbering follows the nomenclature of Lefranc MLP. 21 al., Dev. Comp. Fmmunol., 27: 55-77 (2003); and

Homnegger and Pliickthun, J. Mol Biol., 309:657-670 (2001).

*Residue numbering foliows the nomenciature of Honegger and Plickthun, J. Mel. Biol., 309:657-670 (2001).
[8189] The term “variable region” or “variable domain” refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable domains of
the heavy chain and light chain (VH and VL, respectively) of a native antibody generally have
stmular structares, with each domain comprising four framework regions (FRs) and three
hypervanable regions (HVRs), arranged from amino-terminus to carboxy-terminus in the
following order: FR1, HVRI, FR2, HVRZ, FR3, HVR3, FR4. (See, e.g., Kindt er al. Kuby
fmmunology, 6th ed., WH. Freeman and Co., page 91 (2007).) A single VH or VL domain may
be sufficient to confer antigen-binding specificity. Furthermore, antibodies that bind a particular
antigen may be isolated using a VH or VL domain from an antibody that binds the antigen to
screen a library of complementary VL or VH domains, respectively. See, e.g., Portolanc ef af., J.
immunecl 150:880-887 (1993}; Clarkson ef af., Nature 352:624-628 {1991).

[8196] The term “EU numbering” or “amino acid position numbering based on EU numbering,”
and variations thereof, refers to the numbering system used for heavy chain constant domains of
the comptlation of antibodies in Edelman, G.M. et al, Proc. Natl. Acad. USA, 63, 78-85 (1969).
The EU numbering of residues may be determined for a given antibody by alignment at regions
of homology of the sequence of the antibody with a “standard” EU numbered sequence.

[8191] The Kabat numbering system is generally used when referring to a residue in the variable
domain {approximately residues 1-107 of the light chain and residues 1-113 of the heavy chain)

(e.g., Kabat et al., Sequences of Immunological Interest. Sth Ed. Public Health Service, National
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Institutes of Health, Bethesda, Md. (1991)). Using this numbering system, the actual linear
amino acid sequence may contain fewer or additional amino acids corresponding to a shortening
of, or insertion into, a FR or HVR of the variable domain. For example, a heavy chain variable
domain may include a single amino acid insert (residue 52a according to Kabat}) after residue 52
of H2 and inserted residues (e.g. residues 82a, 82b, and 82¢, erc. according to Kabat) after heavy
chain FR residue 82. The Kabat numbering of residues may be determined for a given antibody
by alignment at regions of homology of the sequence of the antibody with a “standard” Kabat
numbered sequence.

(61921 With respect to a heterodimeric protein (e.g., an activatable multispecific antibody)
having two CH3 domains, a given amino acid position of g first CH3 domain 1s referred to as X,
and the corresponding amine acid position of the second CH3 domam is referred to as X, For
example, N390C-8400°C refers to a heterodimeric protein {e.g., an activatable multispecific
antibody) having a first CH3 domain having a N390C mutation and a second CH3 domain
having a S400C mutation. All mutations or substitutions in the heterodimeric proteins {e.g., an
activatable multispecific antibody) described herein are referred herein with respect to a
wildtype, naturally occurring CH3 domain.

[€193] Unless indicated otherwise, all formula of polypeptide chains described herein list the
components of the polypeptide in the order from the N-termunus to the C-terminus. For example,
the formula VH2-CH -hinge-CH2-first CH3 indicates that the polypeptide comprises, from the
N-terminus to the C-terminus, the following structural components: VH2Z, CHI, hinge, CH2, and
first CH3.

[8194] The term “heavy chain constant region” as used herein refers to a region comprising at
least three heavy chain constant domains, CH1, CH2, and CH3, and a hinge region between CH1
and CHZ. Non-limiting exemplary heavy chain constant regions include v, §, and «. Non-
limiting exemplary heavy chain constant regions also include ¢ and g Each heavy constant
region corresponds to an antibody isotype. For example, an antibody comprising a v constant
region is an IgG antibedy, an antibody comprising a § constant region is an IgD antibody, and an
antibody comprising an o constant region is an IgA antibody. Further, an antibody comprising a g
constant region is an IgM antibody, and an antihody comprising an g constant region is an IgE
antibody. Certain isotypes can be further subdivided into subclasses. For example, 1gG

antihodies inchude, but are not himited to, IgG1 (comprising a vy constant region), 1eG2
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{comprising a v» constant region}, 1233 (comprising a y3 constant region}, and 1gG4 {comprising
a y4 constant region} antibodies; 1gA antibodies include, but are not limited to, lgAl {comprising
an ¢ constant region) and IgAZ (comprising an g constant region} antibodies; and IgM
antibodies include, but are not himited to, IgM1 and IgM2.

[8195] The term “CH2 domain” of a human IgG Fc region usually extends from about residues
231 to about 340 of the 1gG according to the EU numbering system. The CH2 domain is unique
i that 1t is not closely paired with another domain. Rather, two N-linked branched carbohydrate
chains are interposed between the two CH2 domains of an intact native IgG molecule. It has
been speculated that the carbohydrate may provide a substitute for the domain-domain pairing
and help stabilize the CH2 domain. Burton, Molec. Iminunol 22:161-206 (1985).

[8196] The term “CH3 domain” comprises the stretch of residues C-terminal to a CHZ domain in
an Fc region (.e., from about amino acid residue 341 to about amino acid residue 447 of an TG
according to the EU numbering system).

[3197] The term “heavy chain” as used herein refers to a polypeptide comprising at least a heavy
chain variable region, with or without a leader sequence. In some embodiments, a heavy chain
comprises at least a portion of a heavy chain constant region. The term “full-length heavy chain”
as used herein refers to a polypeptide comprising a heavy chain variable region and a heavy
chain constant region, with or without a leader sequence.

[¢198] The term “light chain constant region” as used herein refers to a region comprising a light
chain constant demain, CL. Non-limiting exemplary light chain constant regions include A and
K.

(81991 The term “light chain™ as used herein refers to a polypeptide comprising at least a light
chain variable region, with or without a leader sequence. In some embodiments, a light chain
comprises at least a portion of a light chain constant region. The term “full-length light chain™ as
used herein refers to a polypeptide comprising a light chain variable region and a light chain
constant region, with or without a leader sequence.

[8200] “Affinity” refers to the strength of the sum total of noncovalent interactions between a
binding site of a molecule {e.g., an antibody) and its binding partner {e.g., an antigen). The
affinity of a molecule X for its partner Y can generally be represented by the dissociation

constant (Ky). Affinity can be measured by common methods known in the art, including those
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described herein. In the context of a multispecific antibody {e.g., a bispecific or trispecific
antibody), affinity of the antibody with each binding specificity (i.e. target) can be measured.
[8201] The term “binds”, “specifically binds” or 1s “specific for” refers to measurable and
reproducible interactions such as binding between a target and an antibody, which 1s
determinative of the presence of the target in the presence of a heterogeneous population of
molecules including biological molecules. For example, an antibody that binds or specifically
binds a target (which can be an epitope) 15 an antibody that binds this target with greater affinity,
avidity, more readily, and/or with greater duration than it binds other targets. In some
embodiments, the extent of binding of an antibody to an unrelated target 15 less than about 10%
of the binding of the antibody to the target as measured, e.g., by a radioimmunoassay (RIA). In
some embodiments, an antibody that specifically binds a target has a dissociation constant (Kd)
specifically binds an epitope on a protein that is conserved among the protemn from ditferent
species. In some embodiments, specific binding can include, but does not require exclusive
binding.

(82827 The term “multispecific” as used i conjunction with an antibody refers to an antibody
having polyepitopic specificity (i.e., 1s capable of specifically binding to two, three, or more,
different epitopes on one biological molecule or 1s capable of specifically binding to epiiopes on
two, three, or more, different biclogical molecules).

(62837 An “affinity matured” antibody refers to an antibody with one or more alterations in one
or more hypervariabie regions (HVRs) compared to a parent antibody, which does not possess
such alterations, such alterations resulting in an improvement in the affinity of the antibody for
antigen. In some examples, an affinity-matured antibody refers to an antibody with one or more
alterations i one or more complementarity determining regions (CDRs) compared to a parent
antibody, which does not possess such alterations, such alterations resulting in an improvement
in the affinity of the aniitbody for antigen.

[0264] A “chimeric antibody” as used herein refers to an antibody in which a portion of the
heavy and/or light chain is derived from a particular source or species, while the remainder of the
heavy and/or light chain is derived from a different source or species. In some embodiments, a
chimeric antibody refers to an antibody comprising at least one variable region from a first

species {such as mouse, rat, cynomolgus monkey, erc.) and at least one constant region from a
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second species {such as human, cynomolgus monkey, erc.}. In some embodiments, a chimeric
antibody comprises at least one mouse variable region and at least one human constant region. In
some embodiments, a chimeric antibedy comprises at least one cynomolgus variable region and
at least one human constant region. In some embodiments, all of the variable regions of a
chimeric antibody are from a first species and all of the constant regions of the chimeric antibody
are from a second species.

[6265] A “humanized antibody” as used herein refers to an antibody in which at least one amino
acid in a framework region of a non-human variable region has been replaced with the
corresponding amino acid from a human variable region. In some embodiments, a humanized
antibody comprises at least one human constant region or fragment thereot. In some
embodiments, a humanized antibody s an Fab, a (Fab'y, erc.

[8206] An “"HVR-grafted antibody” as used herein refers to a humanized antibody in which one
or more hypervariable regions (HVRs) of a first (non-human) species have been grafted onto the
framework regions {(FRs} of a second (human) species. In some examples, a “CDR-grafted
antibody” as used herein refers to a2 humanized antibody in which one or more complementarity
determining regions (CDRs) of a first (non-human) species have been grafted onto the
framework regions (FRs) of a second (human) species.

(82871 A “human anttbody” as used herein refers to antibodies produced in humans, antibodies
produced in non-human animals that comprise human immunoglobulin genes, such as
XENOMOUSE®, and antibodies selected using in vitro methods, such as phage display, wherein
the anttbody repertoire is based on a human immunoglobulin sequence.

[8208] “ Antibody-dependent cell-mediated cytotoxicity” or “ADCC” refers to a form of
cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on certain cytotoxic
cells (e.g. NK cells, neutrophils, and macrophages) enable these cytotoxic effector cells to bind
specifically to an antigen-bearing target cell and subsequently kill the target cell with cytotoxins.
The primary cells for mediating ADCC, NK cells, express FeyRIII only, whereas monocytes
express FoyRI, FoyRIEL and FoyRIL FcR expression on hematopoietic cells is summarized in
Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. fmmunol 9:457-92 (1991). To assess
ADCC activity of a molecule of interest, an in vitro ADCC assay, such as that described in US
Pat. Nos. 5,500,362 or 5,821,337 or U.S. Pat. No. 6,737,056 {Presta), may be performed. Useful
effector cells for such assays include PBMC and NK cells. Alternatively, or additionally, ADCC
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activity of the molecule of interest may be assessed in vivo, e.g., in an animal model such as that
disclosed in Clynes ef al. Proc. Natl. Acad. Sci. {USA) 95:652-656 (1998). Additional
polypeptide variants with altered Fc region amino acid sequences (polypeptides with a variant Fc
region) and increased or decreased ADCC activity are described, e.g., in U.S. Pat. No. 7,923,538,
and U.S. Pat. No. 7,994,290.

2

[8209] “Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in the
presence of complement. Activation of the classical complement pathway is initiated by the
binding of the first component of the complement system (C1q) to antibodies {(of the appropriate
subclass), which are bound to their cognate antigen. To assess complement activation, a CDC
assay, e.g., as described in Gazzano-Santoro er al., J. Immunol. Methods 202:163 (1996), may be
performed. Polypeptide variants with altered Fe region amino acid sequences (polypeptides with
a variant Fc region) and increased or decreased Clg binding capability are described, e.g., in
U.S. Pat. No. 6,194,551 B, U.S. Pat. No. 7,923,538, U.5. Pat. No. 7,994,290 and WO
1989/51642. See also, e.g., Idusogie ef al., J. Inmmunol. 164: 4178-4184 (2000).

[6218] A polypeptide variant with “altered” FcR binding affinity or ADCC activity 15 one which
has either enhanced or diminished FcR binding activity and/or ADCC activity compared to a
parent polypeptide or to a polypeptide comprising a native sequence Fc region. The polypeptide
varant which “displays increased binding” to an FcR binds at least one FcR with better affinity
than the parent polypeptide. The polypeptide variant which “displays decreased binding” to an
FeR, binds at least one FcR with lower affinity than a parent polypeptide. Such variants which
display decreased binding to an FcR may possess little or no appreciable binding to an FcR, e.g.,
-20% binding to the FcR compared to a native sequence IgQG Fe region.

[6211] The terms “nucleic acid molecule”, “nucleic acid” and “polynucleotide” may be used
mterchangeably, and refer to a polymer of nucleotides. Such polymers of nucleotides may
contain natural and/or unnatural nucleotides, and include, but are not limited to, DNA, RNA, and
PNA. “Nucleic acid sequence” refers to the hinear sequence of nucleotides that comprise the
nucleic acid molecule or polynucleotide.

[6212] The terms “polypeptide” and “peptide” are used mterchangeably to refer to a polymer of
amino acid residues, and are not limited to a minimum length. Such polymers of amino acid
residues may contain natural or unnatural amino acid residues. Both full-length proteins and

fragments thereof are encompassed by the definition. The terms also include post-expression
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modifications of the polypeptide, for example, glycosylation, sialylation, acetylation,
phosphorylation, and the like. Furthermore, a “polypeptide” includes modifications, such as
deletions, additions, and substitutions {generally conservative in nature), to the native sequence,
as long as the polypeptide maintains the desired activity. These modifications may be deliberate,
as through site-directed mutagenesis, or may be accidental, such as through mutations of hosts,
which produce the proteins or errors due to PCR amplification.

[6213] A polypeptide “variant” means a biologically active polypeptide having at least 80%
amino acid sequence identity with the native sequence polypeptide after aligning the sequences
and mtroducing gaps, if necessary, to achieve the maximurn percent sequence identity, and not
congsidering any conservative substitutions as part of the sequence identity. Such variants include,
for instance, polypeptides wherein one or more arnino acid residues are added, or deleted, at the
N- or C-terminus of the polypeptide. In some embodiments, a variant will have at least 80%
amino acid sequence identity. In some embodiments, a variant will have at least 90% amino acid
sequence wdentity. In some embodiments, a variant will have at least 95% amino acid sequence
identity with the native sequence polypeptide.

[8214] As used heremn, “Percent (%) amino acid sequence identity” with respect to a peptide,
polypeptide or antibody sequence are defined as the percentage of amino acid residues 1n a
candidate sequence that are identical with the amino acid residues in the specific peptide or
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence wdentity. Alignment for purposes of determumng percent amino acid
sequence identity can be achieved in various ways that are within the skill in the art, for instance,
using publicly available computer software such as BLAST, BLAST-2, ALIGN or
MEGALIGN™ (DNASTAR) software. Those skilled in the art can determine appropriate
parameters for measuring alignment, including any algorithms needed to achieve maximal
alignment over the full length of the sequences being compared.

[6215] An amino acid substitution may include but are not limited to the replacement of one
amino acid in a polypeptide with another amino acid. Exemplary substitutions are shown in
Table A. Amino acid substitutions may be introduced into an antibody of interest and the
products screened for a desired activity, e.g., retained/improved antigen binding, decreased

immunogenicity, improved or reduced ADCC or CDC, or reduced crosslinking effects.
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TABLE A. Exemplary Amino Acid Substitutions.

Original Residue | Exemplary Substitutions

Ala (A) Val; Leu; Ile

Arg (R) Lys; Gln; Asn

Asn {(N) Gln; His; Asp, Lys; Arg

Asp (I Glu;, Asn

Cvs (C) Ser; Ala

Glu {Q) Asn; Glu

Glu (E) Asp; Gln

Gly () Ala

His (H) Asn; Gln; Lys; Arg

fle (1) Leu; Val, Met; Ala; Phe; Norleucine
Leu (L) Norleucine; lle; Val; Met; Ala; Phe
Lys {K) Arg; Gln; Asn

Met (M) Leuy; Phe; lle

Phe (F) Trp; Leu; Val; He; Ala; Tyr

Pro (B) Ala

Ser {8) Thr

Thr (T} Val; Ser

Trp {W) Tyr; Phe

Tyr (Y) Trp; Phe; Thr; Ser

Val (V) He; Leu; Met; Phe; Ala; Norleucine

[#216] Amno acids may be grouped according to common side-chain properties:

{1) hydrophobic: Norleucine, Met, Ala, Val, Ley, He;

{23 neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu,

{4) basic: His, Lys, Arg;

(5) residues that influence chain ortentation: Gly, Pro;

{6} aromatic: Trp, Tyr, Phe.
MNon-conservative substitutions will entail exchanging a member of one of these classes for
another class.
[82177 The term “vector” 1s used to describe a polynucleotide that may be engineered to contain
a cloned polynucleotide or polynucleotides that may be propagated in a host cell. A vector may
melude one or more of the following elements: an origin of replication, one or more regulatory
sequences (such as, for example, promoters and/or enhancers) that regulate the expression of the
polypeptide of interest, and/or one or more selectable marker genes (such as, for example,

antibiotic resistance genes and genes that may be used in colorimetric assays, e.g., 8-

&1
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galactosidase}. The term “expression vector” refers to a vector that is used to express a
polypeptide of interest in a host cell.

[6218] A “host cell” refers to a cell that may be or has been a recipient of a vector or isolated
polynucleotide. Host cells may be prokaryotic cells or eukaryotic cells. Exemplary eukaryotic
cells include mammalian cells, such as primate or non-primate animal cells; fungal cells, such as
veast; plant cells; and insect cells. Non-limiting exemplary mammalian cells include, but are not
limited to, NSO cells, PER.C6" cells (Crucell), and 293 and CHO cells, and their derivatives,
such as 293-6E and DG44 cells, respectively. The term “cell” mncludes the primary subject cell
and tts progeny.

[6219] The term “isolated” as used herein refers to a molecule that has been separated from at
least some of the components with which 1t 1s typically found in nature or produced. For
example, a polypeptide s referred to a5 “isolated” when i 15 separated from at least some of the
components of the cell 1n which 1 was produced. Where a polypeptide s secreted by a cell after
expression, physically separating the supernatant containing the polypeptide from the cell that
produced 1t 15 considered to be “isolating” the polypeptide. Siumilarly, a polynucleotide 13
referred to as “1solated” when it 1s not part of the larger polynucleotide (such as, for example,
genomic DNA or mitochoundrial DNA, in the case of a DNA polynucleotide) in which it 1s
typically found i nature, or 15 separated from at least some of the components of the cell
which 1t was produced, e.g., 1 the case of an RNA polynucleotide. Thus, a DNA polynucleotide
that 1s contained in a vector mside a host cell may be referred 10 as “isolated”.

[622¢] The terms “mdividual” or “subject” are used mterchangeably herein to refer to a
mammal. In some embodiments, methods of {reating mammals, including, but not limited to,
humans, rodents, simians, felines, canines, equines, bovinegs, porcines, Ovines, caprines,
mammalian laboratory animals, mammalian farm animals, mammalian sport animals, and
mammalian pets, are provided. In some examples, an “individual” or “subject” refers to an
ndividual or subject in need of treatment for a disease or disorder.

[6221] As used herein, “treatment” or “treating” is an approach for obtaining beneficial or
desired results including clinical results. For purposes of this invention, beneficial or desired
clinical results include, but are not limited to, one or more of the following: alleviating one or
more symptoms resulting from the disease, diminishing the extent of the disease, stabilizing the

disease {e.g., preventing or delaying the worsening of the disease), preventing or delaying the
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spread {e.g., metastasis} of the disease, preventing or delaying the recurrence of the disease,
delay or slowing the progression of the disease, ameliorating the disease state, providing a
remission {partial or total) of the disease, decreasing the dose of one or more other medications
required to treat the disease, delaying the progression of the disease, increasing the quality of
life, and/or prolonging survival. Also encompassed by “treatment” 1s a reduction of pathological
consequence of cancer. The methods of the invention contemplate any one or more of these
aspects of treatment.

3

[6222] The term “prevent,” and similar words such as “prevented,” “preventing” etc., indicate an
approach for preventing, inhibiting, or reducing the likelihood of the recurrence of, a disease or
condition, e.g., cancer. [t also refers 1o delaying the recurrence of a disease or condition or
delaying the recurrence of the symptoms of 3 disease or condition. As used herein, “prevention”
and similar words also includes reducing the intensity, effect, symptoms and/or burden of a
disease or condition prior to recurrence of the disease or condition.

182237 As used heremn, “delaying” the development of cancer means to defer, hinder, slow,
retard, stabilize, and/or postpone development of the disease. This delay can be of varying
lengths of time, depending on the hustory of the disease and/or individual being treated. A
method that “delays” development of cancer is a method that reduces probability of disease
development in a given time frame and/or reduces the extent of the disease 1n a given time frame,
when compared to not using the method. Such comparisons are typically based on clinical
studies, using a statistically signmificant number of individuals. Cancer development can be
detectable using standard methods, including, but not limited to, computerized axial tomography
(CAT Scan), Magnetic Resonance Imaging (MRI}, abdominal ultrasound, cloiting tests,
arteriography, or biopsy. Development may also refer {o cancer progression that may be initially
undetectable and includes occurrence, recurrence, and onset.

[6224] The term “effective amount” used herein refers to an amount of an agent or a
combination of agents, sufficient to treat a specified disorder, condition or disease such as to
ameliorate, palliate, lessen, and/or delay one or more of its symptoms. In reference to cancer, an
effective amount comprises an amount sufficient to cause a tumor to shrink and/or to decrease
the growth rate of the tumor (such as to suppress tumor growth) or to prevent or delay other
undesired cell proliferation. In some embodiments, an effective amount 1s an amount sufficient to

delay disease development. In some embodiments, an effective amount 1s an amount sufficient to
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prevent or delay recurrence. An effective amount can be administered in one or more
admunistrations. The effective amount of the drug or composition may: (1) reduce the number of
cancer cells; (it} reduce tumor size; (111} inhibit, retard, slow to some extent and preferably stop
cancer cell infiltration into peripheral organs; (v} inhibit (7.2, slow to some extent and preferably
stop} tumor metastasis; {v) inhibit tumor growth; (vi) prevent or delay occurrence and/or
recurrence of tumor; and/or (vii) relieve to some extent one or more of the symptoms associated
with the cancer.

[6225] It is understood that embodiments of the invention described herein include “consisting”
and/or “consisting essentially of” embodiments.

[8226] Reference to "about" a value or parameter herein includes (and describes) variations that
are directed to that value or parameter per se. For example, description referring to "about X"
includes description of "X".

(82277 As used herein, reference to "not" a value or parameter generally means and describes
"other than" a value or parameter. For example, the method 15 not used to treat cancer of type X
means the method 15 used to treat cancer of types other than X

[8228] The term “about X-Y” used herein has the same meaning as “about X to about ¥.7
[622%] As used herein and in the appended claims, the singular forms "a", "an”, and "the"
melude plural referents unless the context clearly dictates otherwise.

[(236] The term “and/or” as used herein a phrase such as “A and/or B” is intended to include
both A and B; A or B; A (alone); and B (alone). Likewise, the term “and/or” as used herein a
phrase such as “A, B, and/or 7 1s intended to encompass each of the following embodiments: A,
BandC,A B orCAor G AorB; Bor G Aand C; Aand B; B and C; A (alone); B (alone};

and C (alone).

if. Antibodies

[6231] Certain aspects of the present application relate to multispecific antibodies, masked
antibodies such as activatable antibodies (including activatable multispecific antibodies such as
activatable bispecific T cell engager molecules), antigen-binding fragments thereof, or
dertvatives of such antibodies.

[8232] One aspect of the present application provides multispecific antibodies that are capable of
binding to both T cells and target cells such as tumor cells. In some embodiments, the

multispecific antibody is bispecific. In some embodiments, the multispecific antibody is
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trispecific. In some embodiments, the multispecific antibody binds to CD3 on the surface of T
cells. Because of their on-target off-tumor effects, traditional BiTE molecules are associated with
high cytotoxicity, including toxicity to the central nervous system (CNS) and cytokine storms.
Therefore, there 15 a need for antibodies capable of binding a T cell and a target cell suchas a
tumor cell with enhanced specificity and reduced side effects.

[6233] In some embodiments, there 13 provided a multispecific antibody comprising: a} a first
antigen-binding fragment that specifically binds CD3, wherein the first antigen-binding fragment
is fused to a first masking motety (MM1}; and b) a second antigen-binding fragment that
specifically binds a target antigen {e.g., a tumor antigen, such as HER2, CD20, TROPZ, BCMA,
or CD19); wherein the MM competes with CD3 to specifically bind the CD3-binding moiety,;
wherein the multispecific antibody binds to CD3 via the first antigen-binding fragment; and
wherein the first antigen-binding fragment binds CD3 with halfsmaximal binding at a
concentration of antibody (ECs0) that 15 at least 10 nM {e.g., at least 100 nM) as determined by
an ELISA assay {(e.g., as described in Example 5). In some embodiments, the first antigen-
binding fragment binds CD3 with a dissociation constant {(Kd) of at least 50 uM.

[8234] In some embodiments, there 15 provided a multispecific antibody comprising: a) a first
antigen-binding fragment that specifically binds CD3, wherein the first antigen-binding fragment
15 fused to a first masking motety (MM1}; and b) a second antigen-binding fragment that
specifically binds a target antigen {e.g., a tumor antigen, such as HER2, CD20, TRCOP2Z, BCMA,
or CP19); wherein the MM competes with CD3 to specifically bind the CD3-binding moiety;
wherein the multispecific antibody binds to CD3 via the first antigen-binding fragment; wherein
the first antigen-binding fragment binds CD3 with half-maximal binding at a concentration of
antibody (ECso} that is at least 10 nM {e.g., at least 100 nM) as determined by an ELISA assay
{e.g., as described in Example 5), and wherein the MM1 has a masking efficiency of at least 50
as determuned by a Jurkat NFAT reporter assay {(e.g., the assay in Example 3).

A. Activatable multispecific T cell engagers

[6235] One aspect of the present application provides activatable multispecific antibodies that
are capable of binding to both T cells and target cells such as tumor cells. In some embodiments,
the activatable antibody is bispecific. In some embodiments, the activatable antibody is
trispecific. For example, in some embodiments, the activatable multispecific antibodies are

activatable bispecific T cell engagers (“BiTE”). In some embodiments, the activatable
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multispecific antibody binds to CD3 on the surface of T cells. Because of their on-target off-
tumor effects, traditional BiTE molecules are associated with high cytotoxicity, imcluding
toxicity to the central nervous system {{UNS} and cyiokine storms. Therefore, there 15 a need for
activatable BiTE molecules with enhanced specificity and reduced side effects.

[8236] The present disclosure is based in part on the discovery of anti-CD3 BiTE molecules that
bind CD3 with a relatively weak binding affinuty (see, for example, FIGS. 214-21C and Table
6), as well as masking moieties that reduce binding of the anti-CD3 antibodies with high
efficiency (see, for example, Tables 4-5). FIG, 46 dlustrates potential mechanisms of action of
activatable BiTE molecules. Without wishing to be bound by theory, 1t 1s believed that
activatable BiTE molecules with relatively weak affinities for CD3 and/or high masking
efficiency for blocking CD3 binding have less severe side effects than traditional BiTE
molecules. Due to this reduction in the severity of side effects, it 1s believed that the activatable
BiTE molecules described herein allow for a greater therapeutic window. That 1s, activatable
BiTE molecules described herein may be administered to treat disease effectively without
producing toxic effects such as cytokine storm commonly associated with traditional BiTE
molecules, e.g., BITE molecules having stronger CB3 binding affinities. Accordingly, the present
application provides antibodies or antigen-binding fragments thereof, activatable antibodies,
activatable multispecific antibodies, activatable antibody fragments, and polypeptides that bind
specifically to human CD3 with a relatively weak binding affinity.

[6237] In some embodiments, there is provided an activatable multispecific antibody
comprising: a} a first antigen-binding fragment that specifically binds CD3, wherein the first
antigen-binding fragment is fused to a first masking moigty (MM1) via a first cleavable moety
{CM1}); and b) a second antigen-binding fragment that specifically binds a target antigen {(e.g., a
tumor antigen, such as HER2, CD20, TROP2, BCMA, or CD19); wherein the CM1 comprises a
first cleavage site; wherein the MM1 inhibits binding of the activatable antibody to CD3 when
the CM1 1s not cleaved; wherein the activatable multispecific antibody binds to CD3 via the first
antigen-binding fragment when the CM1 is cleaved; and wherein the first antigen-binding
fragment binds CD3 with half-maximal hinding at a concentration of antibody (ECso) that is at
least 10 nM {e.g., at least 100 nM) as determined by an ELISA assay (e.g., as described in
Example 3} In some embodiments, the first antigen-binding fragment binds CD3 witha

dissociation constant (Kd) of at least S0 nM.
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[6238] In some embodiments, there 18 provided an activatable multispecific antibody
comprising: a) a first antigen-binding fragment that specifically binds CD3, wherein the first
antigen-binding fragment is fused to a first masking moiety (MM1) via a first cleavable motety
(CM1); and b) a second antigen-binding fragment that specifically binds a target antigen (¢.2., 2
tumor antigen, such as HER2, D20, TROP2, BCMA, or CD19); wherein the CM1 comprises a
first cleavage site; wherein the MM inhibits binding of the activatable antibody to CD3 when
the CM1 1s not cleaved; wherein the activatable multispecific antibody binds to CD3 via the first
antigen-binding fragment when the CM1 is cleaved; wherein the first antigen-binding fragment
binds CD3 with half-maximal binding at a concentration of antibody (ECse) that is at least 10 oM
(e.g., at least 100 nM) as determined by an ELISA assay {e.g., as described in Example §), and
wherein the MM1 has a masking efficiency of at least 50 as determined by a Jurkat NFAT
reporter assay {e.g., the assay in Example 3).

[6239] In some embodiments, there is provided an activatable multispecific antibody
comprising: a} a first antigen-binding fragment comprising a VHT and a VL1 of an anti-CD3
antibody that specifically binds CD3, wherein the first antigen-binding fragment s fused to a
first masking moiety (MM1) via a first cleavable motety (CM1); and b} a second antigen-binding
fragment comprising a VHZ2 and a VL2 of an antibody that specifically binds a target antigen
(e.g., a tumor antigen, such as HERZ, CD20, TROP2, BCMA, or CD19); wherein the MM1 1
fused to the N-terminus of the VL1 via the CM1, wheremn the CM1T comprises a first cleavage
site; wherein the MM inhibits binding of the activatable antibody to CD3 when the CM1 is not
cleaved; wherein the activatable multispecific antibody binds to CD3 via the first antigen-
binding fragment when the CM1 is cleaved; and wherein the first antigen-binding fragment binds
D3 with half-maximal binding at a concentration of antibody (ECso) that is at least 10 nM {e.g.,
at least 100 nM) as determined by an ELISA assay {e.g., as described in Example 5). In some
embodiments, the MM1 has a masking efficiency of at least 50 as determined by a Jurkat NFAT
reporter assay {e.g., the assay in Example 3} In some embodiments, the first antigen-binding
fragment 1s selected from the group consisting of a Fab, a Fv, a scFab and a scFv. In some
embodiments, the first antigen-binding fragment is a scFv comprising, from N-terminus to C-
terminus, VL1, an optional linker, and VH1.

[6246] In some embodiments, there is provided an activatable multispecific antibody comprising

a first polypeptide, a second polypeptide, and a third polypeptide, wherein:



WO 2022/171192 PCT/CN2022/076000

(1) the first polypeptide comprises a structure represented by the formula:
VH2-CH1-hinge-CHZ-first CH3 (la);
(i1) the second polypeptide comprises a structure represented by the formula:
MMi-CM1-VL1-VHI-hinge-CH2-second CH3 (1b); and
(ii1) the third polypeptide comprises a structure represented by the formula:
VLZ-CL (1o
wherein:
VL1 is a first immunoglobulin light chain variable domain;
VHI is a first immunogiobulin heavy chain variable domain;
V1.2 is a second immunoglobulin light chain variable domain;
VH2 is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CHI is an imyounoglobulin heavy chain constant domain 1)
CH2 is an immunoglobulin heavy chain constant domain 2;
first CH3 is a first immunoglobulin heavy chain constant dowmain 3;
second CH3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CH2 domains;
MM is a masking moiety; and
CM1 is a cleavable motety comprising a cleavage site;
wherein VH1 and VL1 associate to form a scFv that specifically binds CD3 with half-maximal
binding at a concentration of antibody (ECso) that s at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay (e.g., as described in Example 5), wherein VH2 and VL2
associate to form a Fv that specifically binds a target antigen (e.g., a tumor antigen, such as
HER2, CD20, TROP2, BCMA, or CD19}, wherein the MM inhibits binding of the activatable
antibody to CD3 when the CM1 is not cleaved; and wherein the activatable multispecific
antibody binds to CI3 via the first antigen-binding fragment when the CM1 1s cleaved. In some
embodiments, the MM1 has a masking efficiency of at least 50 as determined by a Jurkat NFAT
reporter assay (e.g., the assay in Example 3). In some embodiments, the multispecific antibody
{e.g.. the second polypeptide thereof) comprises an amino acid linker between VL1 and VHL.
[6241] In some embodiments, there is provided an activatable multispecific antibody comprising

a first polypeptide, a second polypeptide, a third polypeptide, and a fourth polypeptide, wherein:
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(1) the first polypeptide comprises a structure represented by the formula:
VHI-CH1-hinge-CHZ-first CH3 (3a);
(i1) the second polypeptide comprises a structure represented by the formula:
YH2Z-CH1-hinge-CH2-second CH3 (3b);
(ii1) the third polypeptide comprises a structure represented by the formula:
MM1-CLI-VLI-CL (3c); and
(iv) the fourth polypeptide comprises a structure represented by the formula:
VE2-CL (3d),
wherein:
VLI is a first immunoglobulin light chain variable domain;
VHI is a first immanoglobulin heavy chain variable dorain;
VL2 is a second immunoglobulin light chain variable domain;
VH2 is a second irnmunogiobulin heavy chain variable domain;
CL is an immunoglobulin Hght chain constant domain;
CHU is an immunoglobulin heavy chain constant domain 1
CH2 s an immunoglobulin heavy chain constant domain 2;
hinge s an imrousoglobulin hinge region connecting the CH1 and CH2 domains;
MM is a masking moiety; and
CM1 is a cleavable moiety comprising a cleavage site;
wherein VH1 and VL1 associate to form a first Fv that specifically binds D3 with half-maximal
binding at a concentration of antibody (ECso) that 15 at least 10 nM {e.z., at least 100 nM) as
determined by an ELISA assay (e.g., as described in Example 5); wherein VL2 and VH2
associate to form a second Fv that specifically binds a target antigen {e.g., a tumor antigen, such
as HERZ, CD20, TROP2, BCMA, or CD19), wherein the MM1 inhibits binding of the
activatable antibody to CD3 when the CM1 1s not cleaved; and wherein the activatable
multispecific antibody binds to CD3 via the first antigen-binding fragment when the CM1 15
cleaved. In some embodiments, the MM]1 has a masking efficiency of at least 50 as determined
by a Jurkat NFAT reporter assay {e.g., the assay in Example 3).
[6242] In some embodiments, there is provided an activatable multispecific antibody
comprising: a) a first antigen-binding fragment that specifically binds CD3, wherein the first

antigen-binding fragment is fused to a first masking moiety (MM1) via a first cleavable motety
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{(CM1); and b} a second antigen-binding fragment that specifically binds a target antigen (e.g., a
tumor antigen, such as HERZ2, CD20, TROP2, BCMA, or CD19), wherein the second antigen-
binding fragment is fused to a second masking moiety (MM2} via a second cleavable moiety
{(CM2); wherein the CM1 comprises a first cleavage site; wherein the MM1 inhibits binding of
the activatable antibody to CD3 when the CM1 1s not cleaved; wherein the activatable
multispecific antibody binds to D3 via the first antigen-binding fragment when the CM1 is
cleaved; wherein the CM2 comprises a second cleavage site; wherein the MMZ inhibits binding
of the activatable antibody to the target antigen when the CM2 1s not cleaved; wherein the
activatable multispecific antibody binds the target antigen via the second antigen-binding
fragment when the CM2 1s cleaved; and wherein the first antigen-binding fragment binds CD3
with half~-maximal binding at a concentration of antibody (ECso) that is at least 10 nM {e.g., at
least 100 nM) as determined by an ELISA assay {e.g., as described i Example 5). Insome
embodiments, the MM1 has a masking efficiency of at least 50 as determined by a Yurkat NFAT
reporter assay {e.g., the assay in Example 3}
[6243] In some embodiments, there 1s provided an activatable multispecific antibody comprises
a first polypeptide, a second polypeptide, and a third polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VH2-CHI-hinge-CH2-first CH3 (2a);
(ii) the second polypeptide comprises a structure represented by the formmia:
MMI1-CM1-VL1-VHi-hinge-CH2-second CH3 (2b); and
(ii1) the third polypeptide comprises a structure represented by the formula:
MMZ2-CM2-VL2-CL (2c);
wherein:
VL1 is a first immunoglobulin light chain variable domain;
VH1 is a first immunoglobulin heavy chain variable domain;
VL2 is a second immunoglobulin light chain variable domain;
VHZ is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CHI is an immunoglobulin heavy chain constant domain 1;
(CH2 is an immunoglobulin heavy chain constant domain 2;

first CH3 is a first immunoglobulin heavy chain constant domain 3;
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second CHS3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;
MM is a first masking moiety,
CM1 is a first cleavable moiety cormprising a first cleavage site;
MM2 is a second masking moiety;
CM2 is a second cleavable moiety comprising a second cleavage site;
wherein VH1 and VL1 associate te form a scFv that specifically binds CD3 with half-maximal
binding at a concentration of anttbody (ECso) that is at least 10 nM (e.g., at least 100 M) as
deternined by an ELISA assay (e.g., as described in Example 5), wherein VH2 and V1.2
associate to form a Fv that specifically binds a target antigen {(e.g, a tumor antigen, such as
HER2, CD20, TROP2, BCMA, or CD19), wherein the MM hibits binding of the activatable
antibody to CD3 when the CM1 15 not cleaved, wherein the activatable multispecific antibody
binds to CD3 via the first antigen-binding fragment when the CM1 s cleaved; wheremn the MM2
mhibits binding of the activatable antibody to the target antigen when the CM2 13 not cleaved;
and wherein the activatable multispecific antibody binds the target antigen via the second
antigen-binding fragment when the CM2 is cleaved. In some embodiments, the MM] has a
masking efficiency of at least 50 as determined by a Jurkat NFAT reporter assay (e.g., the assay
m Example 3}). In some embodiments, the multispecific antibody (e.g., the second polypeptide
thereof) comprises an amino acid linker between VL1 and VHI.
[8244] In some embodiments, there is provided an activatable multispecific antibody comprising
a first polypeptide, a second polypeptide, a third polypeptide, and a fourth polypeptide, wherein:
(i} the first polypeptide comprises a structure represented by the formula:
VHI-CH1-hinge-CH2-first CH3 (4da);
(ii) the second polypeptide comprises a structure represented by the formula:
VHZ-CHI1-hinge-CH2-second CH3 (4b);
(iii) the third polypeptide comprises a structure represented by the formmla:
MM I-CLI-VLI-CL (4c); and
(iv) the fourth polypeptide comprises a structure represented by the formula:
MMZ-CL2-VL2-CL (4d);
wherein:

VL1 is a first immunoglobulin light chain variable domain:
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VHI is a first immunoglobulin heavy chain variable domain;

VL2 is a second immunoglobulin light chain variable domain;

VH2 is a second immunogicbulin heavy chain variable domain;

CL is an immunoglobulin light chain constant domain;

CH1 is an immunoglobulin heavy chain constant domain 1;

CH2 is an immunoglobulin heavy chain constant domain 2;

hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;

MM is a first masking moiety:

CM1 is a first cleavable moiety comprising a first cleavage site;

MM?2 is a second masking moiety;

CM2 is a second cleavable moiety comprising a second cleavage site;
wherein VHI and VL1 associate to form a first Fv that specifically binds CD3 with balf~maximal
binding at a concentration of antibody (ECso) that 5 at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay (e.g., as described 10 Example 5); wherein VL.2 and VH2
associate to form a second Fv that specifically binds a target antigen {e.g., a tumor antigen, such
as HER2, CD20, TROPZ, BCMA, or CD19), wherem the MM mhibits binding of the
activatable antibody to CD3 when the CM1 1s not cleaved; wherein the activatable muitispecific
antibody binds to CD3 via the first antigen-binding fragment when the CM1 1s cleaved, wherein
the MM?2 inhibits binding of the activatable antibody to the target antigen when the CM2 15 not
cleaved; and wherein the activatable multispecific antibody binds the target antigen via the
second antigen-binding fragment when the CM2 1s cleaved. In some embodiments, the MM has
a masking efficiency of at least 50 as determined by a Jurkat NFAT reporter assay (e.g., the assay
in BExample 3).
[8245] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with weak binding affinity. In some embodiments, the first antigen-binding fragment binds CD3
with a relatively weak binding affinity relative to the Kp of a reference antibody for CD3. In
some embodiments, the first antigen-binding fragment binds CD3 with a higher dissociation
constant than the reference antibody for CD3. In some embodiments, the first antigen-binding
fragment binds CD3 with a lower association constant than the reference antibody for CD3. In
some embodiments, the reference antibody is SP34. In some embodiments, the binding affinity

of the first antigen-binding fragment to CD3 is measured when the first antigen-binding fragment
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is present as an isolated antigen-binding fragment or as part of a monospecific antibody. In some
embodiments, the binding affinity of the first antigen-binding fragment to CD3 15 measured
when the first antigen-binding fragment 15 present in a multispecific antibody, or in an activated
form of the activatable multispecific antibody, i.¢., with CM1 cleaved and MM1 unbound to the
first antigen-binding fragment.

[8246] In some embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3)}
with half-maximal binding at a concentration of antibody (ECso) that is at least about any one of
9,10, 11, 12, 13, 14, 15, 20, 30, 40, 50, 60, 70, 75, 80, 85, 90, 95, 100, 101, 102, 103, 104, 103,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 125, 130, 135, 140,
145, 150, 160, 173, 200, 250 or more nM as determined by an enzyme-linked immunosorbent
assay (ELISA), including any value or range in between these values. In some embodiments, the
first antigen-binding domain binds human CD3 with an ECso of about any one of 10-30, 30-100,
100-150, 15G-200, 10-100, 10-110, 9-111, 10-115, 75-150, 100-150, 10-150, 10-200, 50-125, 10-
20, 26-50, 56-75, 75-125, 90-120, 100-120, 160-110, 110-120, 50-150, 50-200, or 10-250 nM, as
determined by an enzyme-linked immunosorbent assay (ELISA}. In some embodiments, the
ECso1s determined by an ELISA measuring binding of an unmasked multispecific antibody to
CD3 {e.g., homan CD3 or human CDB306¢). In some embodiments, the first antigen binding
fragment 15 a scFv, and the ECso 18 determined by an ELISA measuring binding of an unmasked
multispecific antibody to CD3 {e.g., human CD3 or human CD338g). In some embodiments, the
ECsp 15 determined by an ELISA measuring binding of a parental multispecific antibody that
facks a CM and an MM to CD3 (e.g., human CD3 or human CD338g}. In some embodiments, the
first antigen binding fragment is a scFv, and the ECsg is determined by an ELIS A measuring
binding of a parental multispecific antibody that lacks a CM and an MM to CD3 {e.g, human
CD3 or human CD36¢g). In some embodiments, the ECsq is determined by an ELISA measuring
binding of an antigen-binding fragment that binds CD3 (e.g., an isolated anti-CD3 scFv or scFv-
Fe fuston protein) to CD3 (e.g., human CD3 or human CD338g).

[8247] In some embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3)}
with an ECsp that 1s at least about any one of 2, 3,4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 200, 300, 400, 500 times or more
higher than the ECso of a reference antibody (e.g., SP34), including any value or range in

between these values. In some embodiments, the first antigen-binding fragment binds CD3 {e.g,
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human CD3) with an ECso that 13 about any one of 2-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60~
75, 75-100, 100-200, 200-500, 2-5, 5-10, 5-20, 5-30, 5-40, 5-50, 5-55, 5-60, 10-20, 10-30, 10-40,
10-30, 10-60, 20-40, 20-55, 30-60, 10-30, or 5-100 times the ECso of a reference antibody (e.g.,
SP34). In some embodiments, the ECso of the first antigen-binding fragment and the reference
antibody are measured under the same experimental conditions. In some embodiments, the ECsp
of the first antigen-binding fragment and the reference antibody are measured in the same
antibody format. In some embodiments, the ECso 1s determined by measuring binding of an
unmasked multispecific antibody and an unmasked multispecific reference antibody to CD3
{e.g., human CD3 or human CD38g). In some embodiments, the unmasked multispecific
reference antibody comprises a CD3-binding moiety corresponding to SP34 (e.g., comprising the
stx CDRs of SP34). In some embodiments, the ECso1s determined by measuring binding of a
parental multispecific antibody that lacks a CM and an MM and a reference parental
multispecitic antibody that lacks a CM and an MM 1o CD3 (e.g., human CD3 or human CD35¢).
In some embodiments, the reference parental multispecific antibody that lacks a CM and an MM
comprises a CD3-binding moiety corresponding to SP34 (e.g, comprising the six CDRs of
SP34). In some embodiments, the Kd of the first antigen-binding fragment binds CD3 and the
ECsp of the reference antibody are determined by an ELISA, such as the ELISA as described in
Example 3. In some embodiments, the Kd of the first antigen-binding fragment binds CD3 and
the ECso of the reference antibody are determined by a cell-based assay, such as a Jurkat NFAT
reporter assay as described in Example 3.

[6248] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3}
with a relatively weak dissociation constant (Kd) compared to a reference antibody {e.g., SP34),
such as at least about any one of 2, 3, 4,5, 6,7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70,
75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 200, 300, 400, 500 times or more weaker than
the Kd of the reference antibody, including any value or range in between these values. In some
embodiments, the first antigen-binding fragment binds CD3 (e.g, human CD3) with a
dissociation constant (Kd) that is about any one of 2-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-
75, 75-100, 100-200, 200-500, 2-5, 5-10, 5-20, 5-30, 5-40, 5-50, 5-35, 5-60, 10-20, 10-30, 10-40,
10-30, 10-60, 20-40, 20-55, 30-60, 10-30, or 3-100 times weaker than the Kd of a reference
antibody {e.g., SP34). In some embodiments, the Kd of the first antigen-binding fragment and

the reference antibody are measured under the same experimental conditions. In some
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embodiments, the Kd of the first antigen-binding fragment and the reference antibody are
measured in the same antibody format. In some embodiments, the Kd is determined by
measuring binding of an unmasked multispecific antibedy and an unmasked multispecific
reference antibody to CD3 (e g, human CD3 or human CD38¢). In some embodiments, the
unmasked multispecific reference antibody comprises a CD3-binding motety corresponding to
SP34 (e.g., comprising the spx CDRs of SP34). In some emboediments, the Kd is determined by
measuring binding of a parental multispecific antibody that lacks a CM and an MM and a
reference parental multispecific antibody that lacks a CM and an MM to CD3 {e.g., buman CD3
or human CD36¢). In some embodiments, the reference parental multispecific antibody that lacks
a CM and an MM comprises a CD3-binding moiety corresponding to SP34 {e.g., comprising the
stx CDRs of SP34). In some embodiments, the Kd of the first antigen-binding fragment binds
D3 and the Kd of the reference antibody are determined by an ELISA.

[6249] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with a dissociation constant (Kd) of at least about any one of 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 125, 150, 175, 200, 250, 300, 400, 500 or more nM, mcluding any value or range in
between these values. In some embodiments, the first antigen-binding fragment binds CD3 {e.g,,
human CD3) with a dissociation constant {Kd) of at least about any one of 1, 10, or 100 uM,
meluding any value or range in between these values {when in the activated form}. In some
embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3) witha
dissociation constant (Kd) of about any one of 10-50, 50-100, 100-200, 200-500, 500-1000, 10-
100, 100-500, 100-1000, 56-200, 50-250, 50-500 or 10-1060 nM.

[8258] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with a relatively fast off-rate (ko) compared to a reference antibody {e.g., SP34), such as at least
about any one of 2, 5, 10, 20, 50, 100, 200 times or more faster than the kyy of the reference
antibody, including any value or range in between these values.

[8251] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with a relatively slow on-rate (ko) compared to a reference antibody {(e.g., 5P34), such as at least
about any one of 2, 5, 10, 20, 50, 100, 200 times or more slower than the k., of the reference
antibody, including any value or range in between these values.

[8252] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)

with a relatively small dissociation constant (ks) compared to a reference antibody {e.g., SP34),
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such as at least about any one of 2, 5, 10, 20, 50, 100, 200 times or more smaller than the &y of
the reference antibody, including any value or range in between these values.
[8253] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with a relatively large association constant {k,) compared to a reference antibody {e.g., $P34),
such as at least about any one of 2, 5, 10, 20, 30, 100, 200 times or more larger than the & of the
reference antibody.
[6254] Methods of measuring the ability of an antibody (e.g , an activatable multispecific
antibody) to bind an antigen are known 1n the art, including, without limutation, via BlAcore
analysis, surface plasmon resonance, ELISAs, flow cytometry, and cell-based assays (e.g,,
measuring binding to Jurkat cells) (See e.g., Example 8 and Table 6). The ECso, dissociation
constant (ks), affinity constant (), off-rate (ko), and/or on-rate (4,) of binding to CD3 (e.g,,
human CD3) may be measured in various contexts. In some embodiments, binding to CD3 (e.g.,
human CD3) 15 measured using an antigen-binding fragment that binds CD3 (e.g., a scFv or
selv-Fe fusion protein). In some embodiments, binding to CD3 {e.g., human CD3) 1s measured
using an unmasked multispecific antibody. In some embodiments, binding to CD3 {e.g, human
CD3) 1s measured using an activatable antibody (e.g., activatable multispecific antibody}
wherein the cleavable motety associated with the anti-CD3 antigen-binding fragment 1s cleaved.
In some embodiments, binding to human CD338¢ 15 measured. In some emboduments, binding to
human CD36¢ fused with an Fe fragment 13 measured. In some embodiments, binding to Jurkat
celis 18 measured.
[62585] In some embodiments, an ELISA is performed using human CD3 (g and § chaim
heterodimer) fused with human Fc fragment as a binding subsirate. An exemplary ELISA method
is as follows:

1. 2 ug/mL of human CD3 (g and § chain heterodimer) fused with human Fc fragment is

prepared and used to coat AN ELISA plate at 2-8°C overnight.

3

After washing and blocking, 50 pb serial diluted IgG (e.g., a first antigen-binding
fragment, an unmasked multispecific antibody, or an activatable antibody {e.g.,
activatable multispecific antibody) wherein the cleavable moiety associated with the anti-

CD3 antigen-binding fragment is cleaved) is added and incubated at 37°C for 1 hour

%)

Plates are washed three times and then incubated with 50 uL/well TMB substrate at room

temperature for about 20 minutes.
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4. The reaction is stopped.

5. Absorbance at 450 nm is measured.

6. The concentration of each antibody that produced half-maximal binding to CD3ed s

determined as the ECso in nML

[8256] The first antigen-binding fragment and/or the second antigen-binding fragment may be of
any suitable format, mcluding, but are not limited to, a Fab, a Fv, a scFab and a scFv. The
antigen-binding fragment may have a single polypeptide chain, or two or more polypeptide
chains. The masking moiety {e.g., MM1 or MM2) may be fused to the N-terminus of any one of
the polypeptide chain of an antigen-binding fragment that has multiple polypeptide chains. In
some embodiments, the masking motety (e.g., MM1 or MM2} 15 fused to the N-terminus of a VL
{e.g., VL1 or VL2} of the antigen-binding fragment. In some embodiments, the masking motety
{e.g., MM1 or MM2) 1s fused to the N-terminus of a VH {e.g., VH1 or VH2) of the antigen-
binding fragment.
[68257] The first antigen-binding fragment may be derived from any one of the auti-CD3
antibodies described herein, which have an ECso of at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay (e.g., as described in Example 5). Any one of the anti-CD3
antibodies and antigen-binding fragments described in Section 1) “Anti-CD3 antibody” and
Tables SB-SH may be used.
[(258] In some embodiments, the first antigen-binding {ragment comprises one, two, three, four,
five, or six CDRs of an antibody as shown in Table 7. In some embodiments, the first antigen-
binding fragment of the multispecific antibody comprises one, two, three, four, five, or six CDRs
of the anti-CD3 antibody TY24051, TY25236, TY25023, TY25024, TY25237, TY25228,
TY25227, FTY25230, TY25229, TY25238, TY25239, TY25243, TY25231, TY25244, TY2524%,
or TYZ25240, as shown in Table 7. In some embodiments, the first antigen-binding fragment
comprises a VH1 and/or a VLT as shown in Table 8. In some embodiments, the first antigen-
binding fragment comprises a VHT and/or a VL1 of the anti-CD3 antibody TY24031, TYZ25236,
TY25023, TYZ5024, TY25237, TY25228, TY25227, TY25230, TY25229, TY25238, TY25239,
TY25243, TY25231, TY25244, TYZ25241, or TY 25240, as shown in Table 8.
[6259] In some embodiments, the first antigen-binding fragment comprises one, two, three, four,
five, or six CDRs of antibody TY25023 as shown in Table 7. In some embodiments, the first

antigen-binding fragment comprises a VH and/or a VL of antibody TY25023 as shown in Table
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8. In some embodiments, the first antigen-binding fragment comprises a scFv of antibody
TY25023 as shown in Table 9. In some embodiments, the first antigen-binding fragment
comprises a heavy chain of antibody TY25023 as shown in Table 12.

[6260] In some embodiments, the first antigen-binding fragment comprises a VH1 sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to the amino acid sequence of SEQ ID NO: 402, In certain embodiments, a VH1
sequence contains substitutions (e.g., conservative substitutions), insertions, or deletions relative
to the amino acid sequence of SEQ ID NO:402, but retains the same ability to bind CD3 as the
anttbody comprising SEQ 1D NO: 402, In certain embodiments, a total of 1 to 13 amine acids
have been substituted, inserted and/or deleted in SEQ ID NO: 402, In certain embodiments,
substitutions, insertions, or deletions occur in regions outside the CDRs (e, nthe FRs). Ina
particular embodiment, the VHI comprises one, two or three CDRs selected from the group
consisting of: (a) a CDR-H1 comprising the amino acid sequence of SEQ ID NO:390, (b) a
CDR-HZ comprising the amino acid sequence of SEQ 1D NO:392, and (¢} a CDR-H3
comprising the ammo acid sequence of SEQ 1D NG:395.

[8261] In some embodiments, the first antigen-binding fragment comprises a VL1 having at least
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identsty to the
anmuno acid sequence of SEQ D NO:403. In certamm embodiments, a VL1 sequence contains
substitutions {e.g., conservative substitutions), insertions, or deletions relative to the amino acid
sequence of SEQ ID NO:403, but retains the same ability to bind CD3 as the antibody
comprising SEQ D NO:403 . In certain embodiments, a total of 1 to 11 amine acids have been
substituted, inserted and/or deleted in SEQ ID NO: 403, In certain embodiments, the
substitutions, insertions, or deletions occur in regions outside the CDRs (7e., inthe FRs). Ina
particular embodiment, the VL1 comprises one, two or three UDRs selected from the group
consisting of {a)y a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:397,; (b) a CDR-
L2 comprising the amino acid sequence of SEQ 1D NO:380; and {c} a CDR-L3 comprising the
amino acid sequence of SEQ D NG:400.

[6262] In some embodiments, the first antigen-binding fragment comprises a VHI1 comprising a
CDR-HI comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-HZ comprising the
amino acid sequence of SEQ [D NO: 392, and a CDR-H3 comprising the amino acid seguence of

SEQ 1D NO: 395, and a VL1 comprising a CDR-LI comprising the amino acid sequence of SEQ
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i3 NG: 397, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 400.

[8263] In some embodiments, the first antigen-binding fragment comprises a VH1 comprising
the amino acid sequence of SEQ 1D NO: 402, and a VL1 comprising the amino acid sequence of
SEQ ID NO: 403,

[6264] In some embodiments, the first antigen-binding fragment comprises a VH1 comprising
the CDR-H1, CDR-H2, and CDR-H3 of a VH having the sequence set forth in SEQ ID NO:40Z;
and a VL1 comprising the CDR-L1, CDR-L2, and CDR-L3 of a VL having the sequence set
forth in SEQ 1D NO:403.

[6265] In some embodiments, the first antigen-binding fragment comprises one, two, three, four,
five, or six CDRs of antibody TY25238 as shown in Table 7. In some embodiments, the first
antigen-binding fragment comprises a VHI and/or a VL1 of antibody TYZ5238 as shown in
Table 8. In some embodiments, the first antigen-binding fragment comprises a scFv of antibody
TY25238 as shown in Table 9. In some embodiments, the first antigen-binding fragment
comprises a heavy chain of antibody TY25238 as shown in Table 12.

[8266] In some embodiments, the first antigen-binding fragment comprises a VHT sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to the amino acid sequence of SEQ 1D NO: 410, In certain embodiments, a VHI
sequence contains substitutions (e.g., conservative substitutions), insertions, or deletions relative
to the amino acid sequence of SEQ ID NO: 410, but retains the same ability to bind human CD3
as the antibody comprising SEQ ID NG: 410, In certain embodiments, a total of 1 to 13 amino
acids have been substituted, inserted and/or deleted in SEQ ID NO: 410. In certain embodiments,
substitutions, insertions, or deletions occur in regions outside the CDRs (7e., inthe FRs). Ina
particular embodiment, the VHI comprises one, two or three CDRs selected from the group
consisting of: (a) a CDR-HT comprising the amino acid sequence of SEQ ID NG:390, (b) a
CDR-H2 comprising the amino acid sequence of SEQ ID NO:394, and (¢} a CDR-H3
comprising the amino acid sequence of SEQ 1D N(G:395.

(62677 In some embodiments, the first antigen-binding fragment comprises a VL1 having at least
90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or 10(% sequence identity to the
amino acid sequence of SEQ ID NO:411. In certain embodiments, a VL1 sequence contains

substitutions {e.g., conservative substitutions), insertions, or deletions relative to the amino acid
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sequence of SEQ 1D NO: 411, but retains the same ability to bind human CD3 as the antibody
comprising SEQ ID NO: 411, In certain embodiments, a total of 1 to 11 amino acids have been
substituted, inserted and/or deleted in SEQ ID NQO: 411, In certain embodiments, the
substitutions, insertions, or deletions occur in regions outside the CDRs (7.e., in the FRs). Ina
particular embodiment, the VL1 comprises one, two or three CDRs selected from the group
consisting of {a) a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:397,; (b) a CDR-
12 comprising the amino acid sequence of SEQ 12 NO:380; and (¢} a CDR-L3 comprising the
amine acid sequence of SEQ 1D NO:381.

[8268] In some embodiments, the first antigen-binding fragment comprises a VHI1 comprising a
CDR-HI comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-HZ comprising the
amino acid sequence of SEQ ID NO: 394, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO: 395, and a VL1 comprising a CDR-L1 comprising the amino acid sequence of SEQ
1D NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ I NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG: 381,

[6269] In some embodiments, the first antigen-binding fragment comprises a VHI comprising
the amino acid sequence of SEQ ID NO: 410, and a VL1 comprising the amino acid sequence of
SEQID NG: 411

[8278] In some embodiments, the first antigen-binding fragment comprises a VHI comprising
the CDR-H1, CDR-H2, and CDR-H3 of a VH having the sequence set forth in SEQ D NG:416;
and a VL1 comprising the COR-L1, CDR-L2, and CDR-L3 of a VL having the sequence set
forth in SEQ 1D NO:411.

(8271} In some embodiments, the first antigen-binding fragment comprises the amino acid
sequence of SEQ 2 NO: 421 or SEQ 1D NO: 422,

[8272] Any one of the masking moieties for anti-CD3 antibodies described herein may be used,
inchuding, for example, the masking moieties of section F. “Masking Motety (MM)”, Tables B,
18-22, 13A and 40. In some embodiments, the first masking moiety (MM 1) comprises an amino
acid sequence according to Formula (1X): PYDDPDCPSHXSDCDX: (SEQ 1D NO: 6683,
wherein X; is D or E, and X5 i3 N or Q. In some embodiments, the first masking moiety (MM1)
comprises an amino acid sequence according to Formula (X):

KXo XD XX sCXe XD X XoX 10T X 11X 12 (SEQ 1D NO: 669), wherein Xiis A or D, Xz is A, D,
or P,X5is D H, or P, XyisFor P, XsisDor P, Xegis Dor P, X7is Aor P, Xgis D, N, or P, Xo is
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AN orP, Xipis D, H,or 8, Xypis H, P,or Y, and X2 is N, P, or Y. In some embodiments, the
first masking moiety (MM1) comprises the amino acid sequence of EVGSY (SEQ ID NO: 667)
at the N-terminus of the MM 1. In some embodiments, the first masking moiety (MM1)
comprises the amino acid sequence of SEQ ID NO: 417 (EVGSYPYDDPDCPSHESDCDQ). In
some embodiments, the first masking moiety (MM 1) comprises the amino acid sequence of SEQ
1D NO: 35, In some embodiments, the first masking moiety (MM1) comprises an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 585-588. In some embodiments,
the first masking moiety (MM1) comprises an amnino acid sequence selected from the group
consisting of SEQ ID NOs: 597-399.

[8273] In some embodiments, the masking efficiency of the MM1 13 at least about any one of 2,
2.5, 5,10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 490, 500, 510,
550, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 4000, 3000, 10000, or more. In some
embodiments, the masking efficiency of the MM is about any one of 2-10, 10-20, 20-50, 50-
100, 40-510, 50-500, 100-200, 100-500, 200-500, 300-500, 400-500, 400-600, 500-1000, 1000-
5000, 5000-10000, 10-100, 100-500, 100-1000, 1000-10000, 10-1000, or 10606-10000. In some
embodiments, the masking efficiency of the MM1 13 at least 50. In some embodiments, the
masking efficiency of the MM 1s at least about any one of 40, 41, 42, 43, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, or 60. In some embodiments, the masking efficiency of the
MM 15 50-500. In some embodiments, the masking efficiency of the MM1 15 500. In some
embodiments, masking efficiency is measured as the difference i affinity of an activatable
antibody comprising the first masking moiety for binding s target (e.g., human CD3} before
activation relative to the affinity of the affinity of a corresponding unmasked antibody (“parental
antibody”} lacking the first masking moiety or the activatable antibody after activation for
binding its target {e.g., human CD3). In some embodiments, masking efficiency is measured as
the difference in activity {e.g., activation of NFAT promoter) of an activatable antibody
comprising the first masking motety for binding its target {e.g., human CD3} before activation
relative to the activity of the parental antibody or the activatable antibody after activation. In
some embodiments, masking efficiency is measured as the difference in the level of binding a
cell expressing its target {(e.g., a cell expressing human CD3) for an activatable antibody
comprising the first masking moiety before activation relative to the activity of the parental

antibody or the activatable antibody after activation. In some embodiments, the masking
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efficiency is measured by dividing the ECso of an activatable antibody comprising the first
masking moiety before activation by the ECso of the parental antibody. The ECsy values may be
measured in an ELISA assay or a Jurkat NFAT reporter assay, see e.g., the methods of Example
3. In some embodiments, the masking efficiency is measured by dividing the ks of an activatable
antibody comprising the first masking moiety before activation by the &, of the parental antibody.
[6274] Any one of the cleavage moieties described herein may be used, including, for example,
the cleavable moieties of section G. “Cleavable Moiety (CM)” and Tables 13A, 18-22 and 40. In
some embodiments, the first cleavable moiety (CM1) comprises an amino acid sequence selected
from the group consisting of SEQ I3 NOs: 77, 418, 420, 431 and 477-490, and 516-3535. In some
embodiments, the first cleavable moiety (CM1) comprises the anuno acid sequence of SEQ ID
NO: 418 (GGGPLGLAGGS). In some embodiments, the first cleavable moiety (CM1)
comprises the amino acid sequence of SEQ ID NG: 77 (GGGPLGLAGSGGS).

[8275] The second antigen-binding fragment may specifically bind a target antigen, such as a
tumor antigen. In some embodiments, the target antigen 1s a tumor antigen. In some
embodiments, the target antigen 18 a tumor-associated antigen (TAA). In some embodiments, the
target antigen 1s selected from the group consisting of CI3 19, CD20, EpCAM, CEA, PSMA,
CD33, EGFR, HER2, EphA2, MCSP, ADAMI7, PSCA, 17-A1, NKG2D, TROP2, CD79B,
Nectin-4, BCMA, CD22, CB38, EGFR, GD2, SLAMF7, CD30, EpCAM, MUCIE, MUCIS6,
CD123,CD37, FOLRY, MET, FLT3, GPC3, CEACAMS, CLDNI8, CSFI, Integrin alpha §,
NCAML, PTPRC, CD138, NaPiZb, MSLN, DLL3, GPRCSD, GPNMB, ICAMI, SSTR2,
carcinoma associated antigen CTAAL6, CA9, ENG, ACVRLI, CB30, CSPG4, EGFL7, FLTI,
HAVCRI, HGF, HLA-DRB, IGFIR, TPBG, ERBR3, and STEAPZ. In some embodimenis, the
target antigen is HER2. In some embodiments, the target antigen 1s CD20. In some
embodiments, the target antigen is TROP2. The second antigen-binding fragment may be derived
from any one of the non-CD3 antibodies {e.g., anti-HERZ antibodies and anti-CD20 antibodies)
described in section H. “Target binding moiety (TBM}.”

[8276] In some embodiments, the second antigen-binding fragment is fused to a second masking
moiety (MM2) via a second cleavable moiety (CMZ2). In some embodiments, the second antigen-
binding fragment is not masked. In some embodiments, the second antigen-binding fragment is
not fused to a second masking moiety. Any suitable masking moieties may be used, for example,

anti-HERZ masking moieties described in Section F, “Masking Moiety (MM).” Any suitable
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cleavable moietics may be used, for example, cleavable moieties described in Section G,
“Cleavable Motety (CM).”

(62771 In some embodiments, the activatable multispecific antibody comprises a second antigen-
binding fragment comprising a second immunoglobulin light chain variable domain (VL2) and a
second immunoglobulin heavy chain variable domain (VHZ) of an antibody that specifically
binds HER2. In some embodiments, the second antigen-binding fragment comprises 1, 2, 3, 4, 5,
or 6 CDRs of trastuzumab. In some embodiments, the second antigen-binding fragment
comprises 1,2, 3, 4, 5, or 6 CDRs as shown in Table 18, In some embodiments, the VH2
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO: 423, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 424, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO: 71, and the VL.2 comprises a CDR-L1 comprising the ammo acid
sequence of SEQ ID NO: 72, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 73,
and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 74. In some embodiments,
the VHZ comprises the amino acid sequence of SEQ 1D NOG: 73, and the VL2 comprises the
amno acid sequence of SEQ ID NO: 76. In some embodiments, the second antigen-binding
fragment 13 fused to a second masking moiety (MM2) via a second cleavable moiety (CM2}. In
some embodiments, the MM2 comprises an amino acid sequence according to Formla (XI):
ESXI1XCXaXuDPFXCQXe (SEQ ID NO: 670), wherein Xiis Dor E, X0 s A, F, V,or Y, Xs is
DorE XaisAorL, Xsis D orE, and Xeis A, F, or Y. In some embodiments, the MM2
comprises an amino acid sequence according to Formula (XH):

KKK aKaXsXeCXXDPYECKoX 19 (SEQ ID NO: 671), wherein Xt is A, H,or §, X2 is A, B, or
S, Xais A, T,orV, XsisP, 5, or T, XsisDorE, Xegis AorV, XsisDor E, Xgis Aor L, Xgis
(3,58, 0r T, and Xigis A, H, or V. In some embodiments, the MMZ comprises an amino acid
sequence according to Formmla (XU YNSDDDCX(SXYDPYTCYY (SEQ ID NO: 672),
wherein X1 is A, I, or V, and X5 is H or R. In some embodimenis, the MM2 comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 39, 419, 432-476, and 491-
515. In some embodiments, the MM2 comprises the amino acid sequence of SEQ ID NO: 419
(ESDACDADPFDCQA). In some embodiments, the MMZ comprises the amino acid sequence
of SEQ ID NG: 36. In some embodiments, the CM2 comprises an amino acid sequence selected

from the group consisting of SEQ 1D NOs: 77, 418, 420, 431 and 477-490, and 516-355. In some
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embodiments, the CM2 comprises the amino acid sequence of SEQ ID NO: 420, In some
embodiments, the CM2 comprises the amino acid sequence of SEQ 1D NO: 77.

[6278] In some embodiments, the activatable multispecific antibody comprises a second antigen-
binding fragment comprising a second immunoglobulin light chain variable domain (VL2) and a
second immunoglobulin heavy chain variable domain (VHZ) of an antibody that specifically
binds CDZ20. In some embodiments, the second antigen-binding fragment comprises 1, 2, 3,4, S,
or 6 CDRs as shown in Table C. In some embodiments, the VH2 comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NG: 556, 3 CDR-H2 comprising the anmuno acid
sequence of SEQ ID NO: 557, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NO: 558, and the VL2 comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D
NO: 559, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 560, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG: 561 In some embodiments, the VH2
comprises the amino acid sequence of SEQ ID NO: 562, and the VL2 comprises the amino acid
sequence of SEQ [D NO: 563.

[6279] In some embodiments, the activatable multispecific antibody comprises an Fe region. In
some embodiments, the Fe region 15 of the human IgG1 subclass. In some embodiments, the Fo
region 18 of the human IgG4 subclass. In some embodiments, the activatable multispecific
antibody comprises any one of the Fe regions as described m Section J, “Fe regions and CH3
domains.” In some embodiments, the activatable multispecific antibody comprises any one of the
CH3 domain mutations as described in Section I, “Fc regions and CH3 domains,” including
mutations as described in Tables B-F.

(82881 In some embodiments, the activatable multispecific antibody comprises a first CH3
domain and a second CH3 domain, wherein the first CH3 domain comprises D356K, E357K
8364K and $400C substitutions and the second CH3 domain comprises L3510, K370D, N390C
and K439D substitutions, or the first CH3 domain comprises 1.351D, K370D, N390C and
K439D substitutions and the second CH3 domain comprises D356K, E357K, §364K and 5400C
substitutions.

(62817 In some embodiments, the activatable multispecific antibody is a bispecific antibody. In
some embodiments, the activatable multispecific antibody is an activatable BiTE molecule.

Exemplary activatable BiTE molecules are shown, for example, in Tables 2 and 3A.
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[68282] In some embodiments, the activatable multispecific antibody is an activatable BiTE
targeting human CD3 and HERZ.

[6283] In some embodiments, there is provided an activatable HER2xCD3 BiTE comprising a
first polypeptide comprising the amino acid sequence of SEQ ID NO: 115, a second polypeptide
comprising the amino acid sequence of SEQ 1D NO: 116, and a third polypeptide comprising the
amino acid sequence of SEQ ID NO: 117,

[0284] In some embodiments, there is provided an activatable HER2xCD3 BiTE comprising: a
first polypeptide comprising the amino acid sequence of SEQ 1D NO: 425, a second polypeptide
comprising the amino acid sequence of SEQ 1D NOG: 426, and a third polypeptide comprising the
amine acid sequence of SEQ 1D NO: 112,

(82857 In some embodiments, there is provided an activatable HER2xCD3 BiTE comprising: a
first polypeptide comprising the amino acid sequence of SEQ ID NO: 427, a second polypeptide
comprising the amino acid sequence of SEQ 1D NO: 428, and a third polypeptide comprising the
amino acid sequence of SEQ D NG: 112,

[6#286] In some embodiments, there is provided an activatable HER2xCD3 BiTE comprising: a
first polypeptide comprising the amino acid sequence of SEQ ID NO: 429, a second polypeptide
comprising the ammo acid sequence of SEQ 1D NO: 430, and a third polypeptide comprising the
amino acid sequence of SEQ 1D NG: 115,

[6287] In some embodiments, there 1s provided an activatable HER2xCD3 BiTE comprising: a
first polypeptide comprising the amino acid sequence of SEQ 1D NO: 83, a second polypeptide
comprising the amino acid sequence of SEQ 1D NG: 84, and a third polypeptide comprising the
amino acid sequence of SEQ [D NQ: 5.

[6288] In some embodiments, there is provided an activatable HER2xCD3 BiTE comprising: a
first polypeptide comprising the amino acid sequence of SEQ ID NO: 683, a second polypeptide
comprising the amino acid sequence of SEQ ID NG: 684, and a third polypeptide comprising the
amino acid sequence of SEQ [ NO: 685.

[6289] In some embodiments, the activatable multispecific antibody 1s an activatable BITE
targeting human CD3 and CD20.

[82960] In some embodiments, there is provided an activatable CD20xCD3 BiTE comprising: a

first polypeptide comprising the amino acid sequence of SEQ 1D NO: 564, a second polypeptide
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comprising the amino acid sequence of SEQ 11D NO: 565, and a third polypeptide comprising the
amino acid sequence of SEQ ID NG: 567.

[6291] In some embodiments, there is provided an activatable CD20xCD3 BiTE comprising: a
first polypeptide comprising the amino acid sequence of SEQ ID NO: 564, a second polypeptide
comprising the amino acid sequence of SEQ ID NQO: 565, and a third polypeptide comprising the
amino acid sequence of SEQ ID NG: 569,

682921 In some embodiments, the activatable multispecific antibody is an activatable BiTE
targeting human CD3 and TROP2.

[8293] In some embodiments, the activatable multispecific antibody 1s an activatable BiTE
targeting human CD3 and BCMA.

[8294] In some embodiments, the activatable multispecific antibody is an activatable BiTE
targeting human CD3 and CD19.

(62957 In some embodiments, the activatable multispecific antibody 1s cross-reactive with a CD3
polypeptide from at least one non-human species selected from the group consisting of
cynomoigus monkey, mouse, rat and dog.

B. Masked multispecific anii-CD3 antibodies

[6296] As described above, the present disclosure 13 based mn part on the discovery of anti-CD3
antibodies that bind CD3 with a relatively weak binding affinity (see, for example, FIGS, 21A-
21C and Table 6), as well as masking moieties that block binding of the anti-CD3 antibodies
with high efficiency {see, for example, Tables 4-3). In general, a masked antibody comprises a
masking moiety that binds to the target-binding motety of the antibody, thus reducing binding of
the antibody to the target when the masking moiety is bound to the target-binding moiety. A
masked antibody may contain a cleavable or a non-cleavable linker between the masking moiety
and the antigen-binding fragment. Without wishing to be bound by theory, when the masked
antibody contains a non-cleavable linker, it is believed that a masked antibody is in a state of
dynamic equilibrium between a masked state in which the target-binding moiety is bound to the
masking moiety, and a target-bound state in which the target-binding moiety 1s bound to the
target. Accordingly, the relative binding affinities of the masking moiety for the target-binding
motety and the target-binding moiety for the target, as well as the local concentrations of the
target and the masked antibody, determine the extent to which the antibody actually engages the

target. Without wishing to be bound by theory, it is believed that masked multispecific antibodies
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with refatively weak affinities for CD3 and/or high masking efficiency for blocking CD3 binding
have less severe side effects than traditional BiTE molecules. Pue to this reduction in the
severity of side effects, it is believed that the masked multispecific antibodies described herein
allow for a greater therapeutic window. That 15, masked mulktispecific antibodies described herein
may be administered to treat disease effectively without producing toxic effects such as cytokine
storm commonly associated with traditional BiTE molecules, e.g., BiTE molecules having
stronger {D3 binding affinities.

[8297] In some embodiments, there 15 provided a multispecific antibody comprising: a) a first
antigen-binding fragment comprising a VH1 and a VL1 of an anti-CD3 antibody that specifically
binds CD3, wherein the first antigen-binding fragment is fused to a first masking motety (MM1};
and b} a second antigen-binding fragment comprising a VHZ and a VL2 of an antibody that
specifically binds a target antigen (e.g., a tumor antigen, such as HER2, CD20, TROP2, BCMA,
or CD19); wherein the MM1 13 fused to the N-ternunus of the VL1, wherein the MM competes
with CD3 1o specifically bind the CD3-binding moiety; wherein the multispecific antibody binds
to C3 via the first antigen-binding fragment; and wherein the first antigen-binding fragment
binds CD3 with half-maximal binding at a concentration of antibody (ECso) that 13 at least 10 nM
{e.g., at least 100 nM) as determmed by an ELISA assay {e.g., as described in Example 3). In
NFAT reporter assay {e.g., the assay in Example 3}). In some embodiments, the first antigen-
binding fragment is selected from the group consisting of a Fab, a Fv, a scFab and a scFv. In
some embaodiments, the first antigen-binding fragment is a scFv comprising, from N-terminus to
C-terminus, VL1, an optional linker, and VHI.

[6288] In some embodiments, the masked multispecific antibody is an activatable antibody. In
some embodiments, the muliispecific antibody comprise a cleavable moiety. See, for example,
activatable multispecific T cell engagers.

[8299] In some embodiments, the multispecific antibody is a not an activatable multispecific
antibody. In some embodiments, the multispecific antibody does not comprise a cleavable
moiety. In some embodiments, the first antigen-binding fragment comprises a first
immunoglobulin Hght chain variable domain (VL1) and a first immunoglobulin heavy chain
variable domain {VH1) of an anti-CD3 antibody, and wherein the MM is fused to the N-

terminus of the VL1 via a first non-cleavable linker (NCL1). In some embodiments, the NCL1 is
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any one of the non-cleavable linkers known in the art. In some embodiments, the NCL1 is any

one of the non-cleavable linkers described herein in Section 1. Linker,

[6386] In some embodiments, there is provided a multispecific antibody comprising a first

polypeptide, a second polypeptide, and a third polypeptide, wherein:

(1} the first polypeptide comprises a structure represented by the formula:

VH2-CH1-hinge-CH2-first CH3 (la);

(i) the second polypeptide comprises a structure represented by the formula:

MM I-NCLI-VLi-VHI-hinge-CH2-second CH3 (1b); and

(ii1) the third polypeptide coraprises a structure represented by the formula:

wherein:

VLZ-CL (1¢)y;

VL1 is a first immunoglobulin light chain variable domain;

VHI is a first immunogiobulin heavy chain variable domain;

VL2 1s a second immunoglobulin light chain variable domain;

VHZ is a second immunoglobulin heavy chain variable domain;

CL is an immmunoglobulin light chain constant domain;

CH1 is an immunoglobulin heavy chain constant domain |

CH?2 is an immunoglobulin heavy chain constant domain 2;

first CH3 is 2 first immunoglobulin heavy chain constant domain 3;
second CH3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CH2 domains;
MM is a masking moiety; and

NCL1 is a non-cleavable linker;

wherein VHI and VL1 associate to form a scFv that specifically binds CD3 with half-maximal

binding at a concentration of antibody (ECso) that 15 at least 10 nM {e.g., at least 100 nM) as

determined by an ELISA assay {(e.g., as described in Example 8), wherein VHZ and VL2

associate to form a Fv that specifically binds a target antigen {e.g., a tumor antigen, such as

HER2, CDH20, TROP2, BCMA, or CD19), wherein the MM competes with CD3 to specifically

bind the CD3-binding moiety; and wherein the multispecific antibody binds to CD3 via the first

antigen-binding fragment. In some embodiments, the MM has a masking efficiency of at least

50 as determined by a Jurkat NFAT reporter assay (e.g, the assay in Example 3). In some
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embodiments, the multispecific antibody (e.g., the second polypeptide thereof) comprises an
amino acid linker between VL1 and VHI.
[6381] In some embodiments, there is provided a multispecific antibody comprising a first
polypeptide, a second polypeptide, a third polypeptide, and a fourth polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VHI-CHI-hinge-CH2-first CH3 (3a);
(i1) the second polypeptide comprises a structure represented by the formula:
VH2-CHI-hinge-CH2-second CH3 (3b);
(ii1) the third polypeptide coraprises a structure represented by the formula:
MM1-NCL1-VLI1-CL (3¢); and
(iv) the fourth polypeptide comprises a structure represented by the formula:
VE2-CL (3d);
wherein:
VLI is a first immunoglobulin light chain variable domain;
VHI is a first immunoglobulin heavy chain variable domain;
V1.2 is a second immunoglobulin light chain variable domain;
VH2 is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CH1 is an immunogiobulin heavy chain constant domain |
CH2Z is an immunoglobulin heavy chain constant domain 2;
hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains; and
MMT1 is a masking moiety;
NCL1 is a non-cleavable linker;
wherein VHI and VL1 associate to form a first Fv that specifically binds CD3 with half-maximal
binding at a concentration of antibody (ECso) that 1s at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay {e.g., as described in Example 8); wherein VL2 and VH2
associate to form a second Fv that specifically binds a target antigen {e.g., a tumor antigen, such
as HERZ, CD20, TROP2, BCMA, or CD19), wherein the MM 1 competes with CD3 to
specifically bind the CD3-binding moiety; and wherein the muliispecific antibody binds to CD3
via the first antigen-binding fragment. In some embodiments, the MM1 has a masking efficiency

of at least 50 as determined by a Jurkat NFAT reporter assay {e.g., the assay in Example 3).
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[8362] In some embodiments, there is provided a multispecific antibody comprising: a) a first
antigen-binding fragment that specifically binds CD3, wherein the first antigen-binding fragment
1s fused to a first masking moiety (MM1}; and b) a second antigen-binding fragment that
spectfically binds a target antigen {e.g., a tumor antigen, such as HER2, CDZ0, TROP2, BCMA,
or C319), wherein the second antigen-binding fragment s fused to a second masking motety
(MM2)} via a cleavable motety (CM); wherein the MM competes with CD3 to specifically bind
the CD3-binding moiety, wherein the CM comprises a cleavage site; wherein the MM2 inhibits
binding of the multispecific antibody to the target antigen when the CM is not cleaved, wherein
the multispecific antibody binds the target antigen via the second antigen-binding fragment when
the CM s cleaved; and wherein the first antigen-binding fragment binds CD3 with half-maximal
binding at a concentration of antibody (ECso) that 15 at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay (e.g., a5 described 1n Example 5). Io some embodiments, the
MM1 has a masking efficiency of at least 50 as determined by a Jurkat NFAT reporter assay
(e.g., the assay in Examplie 3).
[6#363] In some embodiments, there 1s provided a multispecific antibody comprises a first
polypeptide, a second polypeptide, and a third polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VH2-CHI-hinge-CH2-first CH3 (2a);
(ii) the second polypeptide comprises a structure represented by the formmia:
MMi- NCL1-VL1-VHi-hinge-CH2-second CH3 (2b); and
(ii1) the third polypeptide comprises a structure represented by the formula:
MM2-NCL2-VL2-CL (2¢);
wherein:
VL1 is a first immunoglobulin light chain variable domain;
VH1 is a first immunoglobulin heavy chain variable domain;
VL2 is a second immunogiobulin light chain variable domain;
VHZ is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CHI is an immunoglobulin heavy chain constant domain 1;
CH2 is an immunoglobulin heavy chain constant domain 2;

first CH3 is a first immunoglobulin heavy chain constant domain 3;
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second CHS3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;
MM is a first masking moiety,
MNCL1 is a first non-cleavable linker;
MM2 is a second masking moiety; and
MNCL2 is a second non-cleavable linker;
[8304] wherein VH1 and VL1 associate to form a scFv that specifically binds CD3 with half-
maxumnal binding at a concentration of antibody (ECso) that is at least 10 nM {e.g., at least 100
nM) as deterrined by an ELISA assay (e.g., as described in Example 8), wherein VH2 and VL2
associate to form a Fv that specifically binds a target antigen {(e.g, a tumor antigen, such as
HER2, CD20, TROP2, BCMA, or CD19), wherein the MM competes with CD3 to specifically
bind the CD3-binding moiety; wherein the multispecific antibody binds to CD3 via the first
antigen-binding fragment; wherein the MM2 inhibits binding of the multispecific antibody to the
target antigen; and wherein the multispecific antibody binds the target antigen via the second
antigen-binding fragment. In some ermnbodiments, there 1s provided a multispecific antibody
comprises a first polypeptide, a second polypeptide, and a third polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VH2-CHI-hinge-CH2-first CH3 (2a);
(ii) the second polypeptide comprises a structure represented by the formmia:
MMi- NCL1-VL1-VHi-hinge-CH2-second CH3 (2b); and
(ii1) the third polypeptide comprises a structure represented by the formula:
MM2-CM-VL2-CL (2¢);
wherein:
VL1 is a first immunoglobulin light chain variable domain;
VH1 is a first immunoglobulin heavy chain variable domain;
VL2 is a second immunoglobulin light chain variable domain;
VHZ is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CHI is an immunoglobulin heavy chain constant domain 1;
CH2 is an immunoglobulin heavy chain constant domain 2;

first CH3 is a first immunoglobulin heavy chain constant domain 3;
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second CHS3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;
MM is a first masking moiety,
NCL1 is a non-cleavable linker;
MM?2 is a second masking moiety;
CM is a cleavable moiety comprising a cleavage site;
wherein VH1 and VL1 associate te form a scFv that specifically binds CD3 with half~maximal
binding at a concentration of antibody (ECso) that is at least 10 nM (e.g., at least 100 M) as
deternined by an ELISA assay (e.g., as described in Example 5), wherein VH2 and VL2
associate to form a Fv that specifically binds a target antigen {(e.g, a tumor antigen, such as
HER2, CD20, TROP2, BCMA, or CD19), wherein the MM competes with CD3 to specifically
bind the CD3-binding moiety; wherein the multispecific antibody binds to CD3 via the first
antigen-binding fragment; wherein the MM2 1nhibits binding of the multispecific antibody to the
target antigen when the CM 1s not cleaved; and wherein the multispecific antibody binds the
target antigen via the second antigen-binding fragment when the CM 13 ¢cleaved. In some
embodiments, the MM has a masking efficiency of at least 50 as determuned by a Jurkat NFAT
reporter assay {(e.g., the assay i Example 3). In some embodiments, the multispecific antibody
{e.g., the second polypeptide thereof) comprises an amino acid linker between VL1 and VHI
[¢365] In some embodiments, there 1s provided a multispecific antibody comprising a first
polypeptide, a second polypeptide, a third polypeptide, and a fourth polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VHI-CHI-hinge-CH2-first CH3 (4a);
(i) the second polypeptide comprises a structire represented by the formmlia:
VH2-CH1-hinge-CHZ-second CH3 (4b);
(i) the third polypeptide comprises a structure represented by the formula:
MMI-NCLI-VL1-CL {4¢); and
(iv) the fourth polypeptide comprises a structare represented by the formula:
MM2-NCL2-VL2-CL (4d);
wherein:
VLI is a first immunoglobulin light chain variable domain;

VH1 is a first immunogliobulin heavy chain variable domain;
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VL2 is a second immunoglobulin light chain variable domain;
VHZ is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin lght chain constant domain;
CHI is an immunoglobulin heavy chain constant domain 1;
CHZ is an immunoglobulin heavy chain constant domain 2;
hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;
MM is a first masking moiety;
MNCL is a first non-cleavable linker
MM?2 is a second masking moiety; and
NCL2 is a first non-cleavable linker;
wherein VH1 and VL1 associate to form a first Fv that specifically binds CD3 with half-maximal
binding at a concentration of anttbody (ECse) that is at least 10 nM (e.g., at least 100 uM) as
deternuned by an ELISA assay (e.g., as described in Example 5); wherein VL2 and VH2
associate to form a second Fv that specifically binds a target antigen (e.2., a tumor antigen, such
as HERZ2, CD20, TROP2, BCMA, or CD19), wherein the MM competes with CD3 to
specifically bind the CD3-binding molety; wherein the multispecific antibody binds to CD3 via
the first antigen-binding fragment; wherein the MM2 mhibits binding of the multispecific
antibody to the target antigen when the CM is not cleaved; and wherein the multispecific
antibody binds the target antigen via the second antigen-binding fragment when the CM 1s
cleaved. In some embodiments, there is provided a multispecific antibody comprising a first
polypeptide, a second polypeptide, a third polypeptide, and a fourth polypeptide, wherein:
(i} the first polypeptide comprises a structure represented by the formula:
VHI-CH1-hinge-CH2-first CH3 (4da);
(ii) the second polypeptide comprises a structure represented by the formula:
VHZ-CHI1-hinge-CH2-second CH3 (4b);
(iii) the third polypeptide comprises a structure represented by the formmla:
MM1-NCL1-VL1-CL (4c¢); and
(iv) the fourth polypeptide comprises a structure represented by the formula:
MM2-CM-VL2-CL (4d);
wherein:

VL1 is a first immunoglobulin light chain variable domain:
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VHI is a first immunogiobulin heavy chain variable domain;

VL2 is a second immunoglobulin light chain variable domain;

VH2 is a second immunogicbulin heavy chain variable domain;

CL is an immunoglobulin light chain constant domain;

CH1 is an immunoglobulin heavy chain constant domain 1]

CH2 is an immunoglobulin heavy chain constant domain 2;

hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;

MM is a first masking moiety:

NCL1 is a non-cleavable linker;

MM?2 is a second masking moiety;

CM is a cleavable moiety comaprising a cleavage site;
wherein VHI and VL1 associate to form a first Fv that specifically binds CD3 with balf~maximal
binding at a concentration of antibody (ECso) that 15 at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay (e.g., as described in Example 8); wherein VL2 and VH2
associate to form a second Fv that specifically binds a target antigen {e.g., a tumor antigen, such
as HER2, CD20, TROP2Z, BCMA, or CD19), wherein the MM competes with CD3 to
specifically bind the CD3-binding moiety; wherein the multispecific antibody binds to CD3 via
the first antigen-binding fragment; wherein the MM2 inhibits binding of the multispecific
antibody to the target antigen when the UM 1s not cleaved, and wherein the multispecific
antibody binds the target antigen via the second antigen-binding fragment when the CM s
cleaved. In some embodiments, the MM has a masking efficiency of at least 530 as determined
by a Jurkat NFAT reporter assay {e.g., the assay in Example 3).
[8#306] In some embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3)}
with weak binding affinity. In some embodiments, the first antigen-binding fragment binds CD3
with a relatively weak binding affinity relative to the Kp of a reference antibody for CD3. In
some embodiments, the first antigen-binding fragment binds CD3 with a higher dissociation
constant than the reference antibody for CD3. In some embodiments, the first antigen-binding
fragment binds CD3 with a lower association constant than the reference antibody for CD3. In
some embodiments, the reference antibody s SP34. In some embodiments, the binding affinity
of the first antigen-hinding fragment to CD3 is measured when the first antigen-binding fragment

is present as an isolated antigen-binding fragment or as part of a monospecific antibody. In some
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embodiments, the binding affinity of the first antigen-binding fragment to CD3 1s measured
when the first antigen-binding fragment is present in a multispecific antibody.

[8307] In some embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3)
with half-maximal binding at a concentration of antibody (ECso) that is at least about any one of
0,10, 11, 12, 13, 14, 15, 20, 30, 40, 50, 60, 70, 75, 80, 85, 90, 95, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 125, 130, 135, 140,
145 150, 160, 175, 200, 250 or more nM as determined by an enzyme-linked immunosorbent
assay (ELISA), including any value or range i between these values. In some embodiments, the
first antigen-binding domain binds human CD3 with an ECse of about any one of 10-50, 50-100,
100-150, 150-200, 10-100, 10-110, 9-111, 10-113, 75-150, 100-150, 10-150, 10-200, 530-123, 10-
20, 20-50, 5G-75, 75-125, 90-120, 100-120, 100-110, 110-120, 50-150, S0-200, or 10-250 nM, as
determined by an enzyme-linked omunosorbent assay (ELISA). Tn some embodiments, the
ECso1s determined by an ELIS A measuring binding of an unmasked multispecific antibody to
CD3 {e.g., human CD3 or human CD36e). In some embodiments, the first antigen binding
fragment 1s a scFv, and the ECso1s determined by an ELISA measuring binding of an unmasked
multispecific antibody to CD3 {e.g., human CD3 or human CD38¢). In some embodiments, the
ECsp1s determined by an ELIS A measuring binding of a parental maltispecific antibody that
iacks an MM to CD3 (e.g., human CD3 or human CD348g). In sorme embodiments, the first
antigen binding fragment 15 a scFv, and the ECso 13 determined by an ELISA measuring binding
of a parental multispecific antibody that lacks an MM to CD3 {(e.g., human CD3 or human
CD36¢g). In some embodiments, the ECso is determined by an ELISA measuring binding of an
antigen-binding fragment that binds CD3 {e.g., an isolated anti-CD3 scFv or scFv-Fe fusion
protein) to CD3 (e.g., human CD3 or human CD338g).

[8308] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with an ECso that 1s at least about anv one of 2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 200, 300, 400, 500 times or more
higher than the ECso of a reference antibody {e.g., SP34}, including any value or range in
between these values. In some embodiments, the first antigen-binding fragment hinds CD3 (e.g.,
human CD3) with an ECso that is about any one of 2-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-
75, 75-100, 100-200, 200-500, 2-5, 5-10, 5-20, 5-30, 5-40, 5-50, 5-35, 5-60, 10-20, 10-30, 10-40
10-50, 16-60, 20-40, 20-55, 30-60, 10-30, or 5-100 times the ECso of a reference antibody {(e.g.,

>
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SP34). In some embodiments, the ECso of the first antigen-binding fragment and the reference
antibody are measured under the same experimental conditions. In some embodiments, the ECso
of the first antigen-binding fragment and the reference antibody are measured in the same
antibody format. In some embodiments, the ECso 1s deternmined by measuring binding of an
unmasked multispecific antibody and an unmasked multispecific reference antibody to CD3
{e.g., human CD3 or human CD3dg). In some embodiments, the unmasked multispecific
reference antibody comprises a CD3-binding moiety corresponding to SP34 (e.g., comprising the
six CDRs of SP34). In some embodiments, the ECso1s determined by measuring binding of a
parental multispecitic antibody that lacks an MM and a reference parental multispecific antibody
that lacks an MM to CD3 {e.g,, human CD3 or human CD38¢). Tn some embodiments, the
reference parental multispecific antibody that an MM comprises a CD3-binding moilety
corresponding to SP34 {(e.g., comprising the six CDRs of 8P34). In some embodiments, the Kd
of the first antigen-binding fragment binds CD3 and the ECsp of the reference antibody are
determined by an ELISA, such as the ELISA as described in Example 3. In some embodiments,
the Kd of the first antigen-binding fragment binds CD3 and the ECsp of the reference antibody
are determined by a cell-based assay, such as a Jurkat NFAT reporter assay as described n
Example 3.

[838%] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with a relatively weak dissociation constant (Kd} compared to a reference antibody {e.g., SP34},
such as at least aboutany one of 2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70,
75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 200, 200, 400, 500 times or more weaker than
the Kd of the reference antibody, including any value or range in between these values. In some
embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3) with a
dissociation constant (Kd) that is about any one of 2-10, 10-20, 20-30, 30-40, 40-59, 50-60, 60-
75, 75-100, 100-200, 200-500, 2-5, 5-10, 5-20, 5-30, 5-40, 5-50, 5-55, 5-60, 10-20, 10-30, 10-40,
10-50, 10-60, 20-40, 20-55, 30-60, 10-30, or 5-100 times weaker than the Kd of a reference
antibody {(e.g., SP34). In some embodiments, the Kd of the first antigen-binding fragment and the
reference antibody are measured under the same experimental conditions. In some embodiments,
the Kd of the first antigen-binding fragment and the reference antibody are measured in the same
antibody format. In some embodiments, the K¢ is determined by measuring binding of an

unmasked multispecific antibody and an unmasked multispecific reference antibody to CD3
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{e.g., human CD3 or human CD38g). In some embodiments, the unmasked multispecific
reference antibody comprises a CD3-binding moiety corresponding to SP34 {e.g., comprising the
six CDRs of SP34). In some embodiments, the Kd is determined by measuring binding of a
parental multispecific antibody that lacks an MM and a reference parental multispecific antibody
that lacks an MM to CD3 {e.g., human CD3 or human CD33g). In some embodiments, the
reference parental multispecific antibody that lacks an MM comprises a CD3-binding moiety
corresponding to SP34 (e.g., comprising the six CDRs of SP34). In some embodimenits, the Kd
of the first antigen-binding fragment binds CD3 and the Kd of the reference antibody are
deternined by an ELISA.

[8318] In some embodiments, the first antigen-binding fragment binds CD3 {(e.g., human CD3)
with a dissociation constant (Kd) of at least about any one of 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 125, 150, 1753, 200, 250, 300, 400, 500 or more nM, including any value or range n
between these values. In some embodiments, the first antigen-binding fragment binds CD3 (e.g.,
human CD3) with a dissociation constant (Kd) of at least about any one of 1, 10, or 100 uM,
mncluding any value or range in between these values (when in the activated form). In some
embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3) with a
dissociation constant (Kd) of about any one of 16-50, 50-100, 100-200, 200-500, 5060-1000, 10-
100, 160-500, 100-1000, 50-200, 50-250, 56-500 or 10-1000 nM.

[€311] In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3}
with a relatively fast off-rate (ko5 compared to a reference antibody (e.g., SP34), such as at ieast
about any one of 2, 5, 10, 20, 50, 100, 200 times or more faster than the ko of the reference
antibody, including any value or range in between these values.

[#312] In some embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3)}
with a relatively slow on-rate (ko) compared to a reference antibody {e.g., SP34), such as at least
about any one of 2, 5, 10, 20, 50, 100, 200 times or more slower than the A, of the reference
antibody, including any value or range in between these values.

[6#313] In some embodiments, the first antigen-binding fragment binds CD3 {e.g., human CD3)}
with a relatively small dissociation constant (k) compared to a reference antibody {(e.g., SP34),
such as at least about any one of 2, 5, 10, 20, 50, 100, 200 times or more smaller than the &y of

the reference antibody, including any value or range in between these values.
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(8314} In some embodiments, the first antigen-binding fragment binds CD3 (e.g., human CD3)
with a relatively large association constant (k,) compared to a reference antibody {e.g., $P34),
such as at least about any one of 2, 5, 10, 20, 30, 100, 200 times or more larger than the &, of the
reference antibody.
[6315] Methods of measuring the ability of an antibody (e.g , a masked multispecific antibody)
to bind an antigen are known in the art, including, without limitation, via BlAcore analysis,
surface plasmon resonance, ELISAs, flow cytometry, and cell-based assays {e.g., measuring
binding to Jurkat cells) (See e.g., Example 5 and Table 6). The ECs, dissociation constant (k),
affimty constant (k.}, off-rate (koy), and/or on-rate (k) of binding to CD3 {(e.g., human CD33)
may be measured in vartous contexts. In some embodiments, binding to CD3 (e.g., human CD3)
15 measured using an antigen-binding fragment that binds CD3 (e.g., a scFv or scFv-Fc fusion
protein). In some embodiments, binding to CD3 {e.g., human CD3) is measured using an
unmasked multispecific antibody. In some embodiments, binding to CD3 (e.g., human CD3) s
measured using an activatable antibody (e.g., activatable multispecific antibody} wherein the
cleavable moiety associated with the anti-CD3 antigen-binding fragment 1s cleaved. In some
embodiments, binding to human CD30¢ 13 measured. In some embodiments, binding to human
CD36e fused with an Fe fragment 1s measured. In some embodiments, binding to Jurkat cells 18
measured.
[6316] In some embodiments, an ELISA is performed using human CD3 (g and & chamn
heterodimer) fused with human Fc fragment as a binding substrate. An exemplary ELISA method
15 as follows:

1. 2 pg/mL of human CD3 (g and 6 chain heterodimer) fused with human Fc fragment is

prepared and used to coat AN ELISA plate at 2-8°C overnight.

3

After washing and blocking, 50 pb serial diluted G (e.g., a first antigen-binding

fragment, an unmasked muliispecific antibody, or an activatable antibody {e.g.,

activatable multispecific antibody} wherein the cleavable moiety associated with the anti-

CD3 antigen-binding fragment 1s cleaved} 1s added and incubated at 37°C for 1 hour.

3. Plates are washed three times and then incubated with 50 uL/well TMB substrate at room
temperature for aboui 20 minutes.

4. The reaction s stopped.

S. Absorbance at 450 nm is measured.
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6. The concentration of each aniibody that produced half-maximal binding to CD3ed is
determined as the ECso in nML

[8317] The first antigen-binding fragment and/or the second antigen-binding fragment may be of
any suitable format, mcluding, but are not limited to, a Fab, a Fv, a scFab and a scFv. The
antigen-binding fragment may have a single polypeptide chain, or two or more polypeptide
chains. The masking motety {e.g., MM1 or MM2) may be fused to the N-terminus of any one of
the polypeptide chain of an antigen-binding fragment that has multiple polypeptide chains. In
some embodiments, the masking motety (e.g., MM1 or MM2} 15 fused to the N-terminus of a VL
{e.g., VL1 or VL2} of the antigen-binding fragment. In some embodiments, the masking motety
{e.g., MM1 or MM2) 1s fused to the N-terminus of a VH {e.g., VHI1 or VH2) of the antigen-
binding fragment.
[8318] The first antigen-binding fragment may be derived from any one of the anti-CD3
antibodies described herein, which have an ECso of at least 10 nM {e.g., at least 100 nM) as
determined by an ELISA assay {(e.g., as described in Example 5). Any one of the anti-CD3
antibodies and antigen-binding fragments described in Section 1) “Anti-CD3 antibody” and
Tables 5B-5H may be used.
[€319] In some embodiments, the first antigen-binding fragment comprises one, two, three, four,
five, or six CDRs of an antibody as shown m Table 7. In some embodiments, the first antigen-
binding fragment of the multispecific antibody comprises one, two, three, four, five, or six CDRs
of the anti-CD3 antibody TY24051, TY25236, TY25023, TY25024, TY25237, TY25228,
TY25227, TY25230, TY25229, TY25238, TY25239, TY25243, TY25231, TY25244, TY25241,
or TY25240, as shown in Table 7. In some embodimenis, the first antigen-binding fragment
comprises a VH1 and/or a VL1 as shown in Table 8. In some embodiments, the first antigen-
binding fragment comprises a VH1T and/or a VL1 of the anti-CD3 antibody TY24031, TYZ25236,
TY25023, TY25024, TY25237, TY25228, TY25227, TY25230, TY25229, TY25238, TY25239,
TY25243,TY25231, TY25244, TY25241, or TY25240, as shown in Table 8.
[632¢] In some embodiments, the first antigen-binding fragment comprises one, two, three, four,
five, or six CDRs of antibody TY25023 as shown in Table 7. In some embodiments, the first
antigen-binding fragment comprises a VH and/or a VL of antibody TY25023 as shown in Table

8. In some embodiments, the first antigen-binding fragment comprises a scFv of antibody
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TY25023 as shown in Table 9. In some embodiments, the first antigen-binding fragment
comprises a heavy chain of antibody TY25023 as shown in Table 12.

[6321] In some embodiments, the first antigen-binding fragment comprises a VH1 sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to the amino acid sequence of SEQ 1D NO: 402, In certain embodiments, a VHI
sequence contains substitutions (e.g., conservative substitutions), insertions, or deletions relative
to the amino acid sequence of SEQ ID NO:402, but retains the same ability to bind CD3 as the
antibody comprising SEQ ID NG: 402, In certain embodiments, a total of 1 to 13 amino acids
have been substituted, inserted and/or deleted in SEQ ID NO: 402, In certain embodiments,
substitutions, insertions, or deletions occur in regions outside the CDRs (7.e., m the FRs). Ina
particular embodiment, the VH1 comprises one, two or three CDRs selected from the group
consisting of {a) a CDR-HI comprising the amino acid sequence of SEQ ID NG:390, (b) a
CDR-H2 comprising the amino acid sequence of SEQ ID NGO:392, and (¢} a CDR-H3
comprising the amino acid sequence of SEQ 1D NO:395,

[€322] In some embodiments, the first antigen-binding fragment comprises a VL1 having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or 100% sequence identity to the
amino acid sequence of SEQ ID N(O:403. In certain embodiments, a VL1 sequence contains
substitutions (e.g., conservative substitutions), insertions, or deletions relative to the amino acid
sequence of SEQ 1D NO:403, but retans the same ability to bind CD3 as the antibody
comprising SEQ 1D NG:403. In certain embodiments, a total of 1 to 11 amino acids have been
substituted, inserted and/or deleted in SEQ 1D NO: 403, In certain embodiments, the
substitutions, insertions, or deletions occur in regions outside the CDRs (e, inthe FRs). Ina
particular embodiment, the VL1 comprises one, two or three CDRs selected from the group
consisting of {a} a COR-L1 comprising the amino acid sequence of SEQ [D N(O:397, (b} a CDR-
1.2 comprising the amino acid sequence of SEQ ID NO:380; and (¢} a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:400.

[8323] In some embodiments, the first antigen-binding fragment comprises a VHI1 comprising a
CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-H2 comprising the
amino acid sequence of SEQ ID NO: 392, and a CDR-H3 comprising the amino acid sequence of

SEQ 1D NO: 395, and a VL1 comprising a CDR-L1 comprising the amino acid sequence of SEQ
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i3 NG: 397, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 400.

[8324] In some embodiments, the first antigen-binding fragment comprises a VH1 comprising
the amino acid sequence of SEQ 1D NO: 402, and a VL1 comprising the amino acid sequence of
SEQ ID NO: 403,

[8325] In some embodiments, the first antigen-binding fragment comprises a YH1 comprising
the CDR-H1, CDR-H2, and CDR-H3 of a VH having the sequence set forth in SEQ ID NG:40Z;
and a VL1 comprising the CDR-L1, CDR-L2, and CDR-L3 of a VL having the sequence set
forth in SEQ 1D NO:403.

[8326] In some embodiments, the first antigen-binding fragment comprises one, two, three, four,
five, or six CDRs of antibody TY25238 as shown in Table 7. In some embodiments, the first
antigen-binding fragment comprises a VHI and/or a VL1 of antibody TYZ5238 as shown in
Table 8. In some embodiments, the first antigen-binding fragment comprises a scFv of antibody
TY25238 as shown in Table 9. In some embodiments, the first antigen-binding fragment
comprises a heavy chain of antibody TY25238 as shown in Table 12.

[8327] In some embodiments, the first antigen-binding fragment comprises a VHI sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to the amino acid sequence of SEQ 1D NO: 410, In certain embodiments, a VHI
sequence contains substitutions (e.g., conservative substitutions), insertions, or deletions relative
to the amino acid sequence of SEQ ID NO: 410, but retains the same ability to bind human CD3
as the antibody comprising SEQ ID NG: 410, In certain embodiments, a total of 1 to 13 amino
acids have been substituted, inserted and/or deleted in SEQ ID NO: 410. In certain embodiments,
substitutions, insertions, or deletions occur in regions outside the CDRs (7e., inthe FRs). Ina
particular embodiment, the VHI comprises one, two or three CDRs selected from the group
consisting of: (a) a CDR-HT comprising the amino acid sequence of SEQ ID NG:390, (b) a
CDR-H2 comprising the amino acid sequence of SEQ ID NO:394, and (¢} a CDR-H3
comprising the amino acid sequence of SEQ 1D N(G:395.

[6328] In some embodiments, the first antigen-binding fragment comprises a VL1 having at least
90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or 10(% sequence identity to the
amino acid sequence of SEQ ID NO:411. In certain embodiments, a VL1 sequence contains

substitutions {e.g., conservative substitutions), insertions, or deletions relative to the amino acid
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sequence of SEQ 1D NO: 411, but retains the same ability to bind human CD3 as the antibody
comprising SEQ ID NO: 411, In certain embodiments, a total of 1 to 11 amino acids have been
substituted, inserted and/or deleted in SEQ ID NQO: 411, In certain embodiments, the
substitutions, insertions, or deletions occur in regions outside the CDRs (7.e., in the FRs). Ina
particular embodiment, the VL1 comprises one, two or three CDRs selected from the group
consisting of {a) a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:397,; (b) a CDR-
12 comprising the amino acid sequence of SEQ 12 NO:380; and (¢} a CDR-L3 comprising the
amine acid sequence of SEQ 1D NO:381.

[68329] In some embodiments, the first antigen-binding fragment comprises a VHI1 comprising a
CDR-HI comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-HZ comprising the
amino acid sequence of SEQ ID NO: 394, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO: 395, and a VL1 comprising a CDR-L1 comprising the amino acid sequence of SEQ
1D NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ I NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG: 381,

[6338] In some embodiments, the first antigen-binding fragment comprises a VHI comprising
the amino acid sequence of SEQ ID NO: 410, and a VL1 comprising the amino acid sequence of
SEQ ID NO: 411

[8331] In some embodiments, the first antigen-binding fragment comprises a VHI comprising
the CDR-H1, CDR-H2, and CDR-H3 of a VH having the sequence set forth in SEQ D NG:416;
and a VL1 comprising the COR-L1, CDR-L2, and CDR-L3 of a VL having the sequence set
forth in SEQ 1D NO:411.

[8332] In some embodiments, the first antigen-binding fragment comprises the amino acid
sequence of SEQ 2 NO: 421 or SEQ 1D NO: 422,

[8333] Any one of the masking moieties for anti-CD3 antibodies described herein may be used,
including, for example, the masking moieties of section F. “Masking Moiety (MM)”, Table B,
13A, and 40. In some embodiments, the first masking moiety (MM1) comprises an amino acid
sequence according to Formula (IX): PYDDPDCPSHX SDCD X, (SEQ ID NO: 668), wherein
X118 D or E, and Xs is N or Q. In some embodiments, the first masking moiety (MM1)
comprises an amino acid sequence according to Formula (X):

KXo XD XX sCXe XD X XoX 10T X 11X 12 (SEQ 1D NO: 669), wherein Xiis A or D, Xz is A, D,
or P,X5is D H, or P, XyisFor P, XsisDor P, Xegis Dor P, X7is Aor P, Xgis D, N, or P, Xo is
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AN orP, Xppis D, H,or 8, Xypis H, P,or Y, and X2 is N, P, or Y. In some embodiments, the
first masking moiety (MM1) comprises the amino acid sequence of EVGSY (SEQ ID NO: 667)
at the N-terminus of the MM 1. In some embodiments, the first masking moiety (MM1)
comprises the amino acid sequence of SEQ ID NO: 417 (EVGSYPYDDPDCPSHESDCDQ). In
some embodiments, the first masking moiety (MM 1) comprises the amino acid sequence of SEQ
D NO: 35, In some embodiments, the first masking moiety (MM1) comprises an amino acid
sequence selected from the group consisting of SEQ D NOs: 585-588. In some embodiments,
the first masking moiety (MM1) comprises an amnino acid sequence selected from the group
consisting of SEQ ID NOs: 597-399.

[8334] In some embodiments, the masking efficiency of the MM1 15 at least about any one of 2,
2.5, 5,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 490, 500, 510,
550, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 4000, 5000, 10000, or more. In some
embodiments, the masking efficiency of the MM is about any one of 2-10, 10-20, 20-50, 50-
100, 46-510, 50-500, 100-200, 100-500, 200-500, 300-500, 400-500, 400-600, 500-1000, 1000-
5000, 5000-10000, 10-100, 100-500, 100-1000, 1000-10000, 10-1000, or 100-10000. In some
embodiments, the masking efficiency of the MM 13 at least 50. In some embodiments, the
masking efficiency of the MM 1s at least about any one of 40, 41, 42, 43, 45, 46, 47, 48, 49, 50,

51, 52, 53, 54, 55, 56, 57, 58, 59, or 60. In some embodiments, the masking efficiency of the

2~ i

MM 15 50-500. In some embodiments, the masking efficiency of the MM1 1s 500, In some
embodiments, masking efficiency is measured as the difference in affinity of a masked antibody
comprising the first masking mosety for binding its target {e.g., human CD3) relative to the
affinity of the affinity of a corresponding unmasked antibody (“parental antibody™} lacking the
first masking moiety for binding its target {e.g., human CD3}. In some embodiments, masking
effictency is measured as the difference in activity {e.g., activation of NFAT promoter) of a
masked antibody comprising the first masking motety for binding its target (e.g., human CD3)
relative to the activity of the parental antibody. In some embodiments, masking efficiency is
measured as the difference in the level of binding a cell expressing s target {e.g., a cell
expressing human CD3) for a masked antibody comprising the first masking moiety relative to
the activity of the parental antibody. In some embodiments, the masking efficiency is measured
by dividing the ECso of a masked antibody comprising the first masking motety by the ECso of

the parental antibody. The ECso values may be measured in an ELISA assay or a Jurkat NFAT
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reporter assay, see e.g., the methods of Example 3. In some embodiments, the masking
efficiency is measured by dividing the &y of a masked antibody comprising the first masking
moiety before activation by the ks of the parental antibody.

[8335] The second antigen-binding fragment may specifically bind a target antigen, suchasa
tumor antigen. In some embodiments, the target antigen s a tumor antigen. In some
embodiments, the target antigen is a tumor-associated antigen (TAA). In some embodiments, the
target antigen is selected from the group consisting of CD19, CD20, EpCAM, CEA, PSMA,
CD33, EGFR, HERZ, EphA2, MCSP, ADAM17, PSCA, 17-Al1, NKG2D, TROP2, CD79B,
Nectin-4, BCMA, CD22, CD38, EGFR, GD2, SLAMF7, CD30, EpCAM, MUC!, MUCI6,
CD123,CD37, FOLRIL, MET, FLT3, GPC3, CEACAMS, CLDNIR, CSF1, Integrin alpha 3,
NCAMI, PTPRC, CD138, NaPiZb, MSLN, DLL3, GPRC3D, GPNME, ICAM{, SSTR2,
carcinoma associated antigen CTAALS, CA9, ENG, ACVRLIL, CD80, CSPG4, EGFL7, FLTI,
HAVCRI, HGF, HLA-DRB, IGFIR, TPBG, ERBR3, and STEAPZ. In some embodiments, the
target antigen 1s HER2. In some embodiments, the target antigen 15 CD20. In some
embodiments, the target antigen 1s TROP2. The second antigen-binding fragment may be derived
from any one of the non-CD3 antibodies (e.g., anti-HER2 antibodies and anti-CD20 antibodies)
described in section H. “Target binding motety (TBM)}.”

[8336] In some embodiments, the second antigen-binding fragment 18 not masked. In some
embodiments, the second antigen-binding fragment is not fused to a second masking moiety. Any
suttable masking moieties may be used, for example, anti-HERZ masking moteties described in
Section F, “Masking Moiety (MM).” In some embodiments, the second antigen-binding fragment
15 fused to a second masking motety (MM2) via a second cleavable motety {CM2). Any suitable
cleavable moieties may be used, for example, cleavable moieties described in Section G,
“Cleavable Motety ({CM).” In some embodiments, the second antigen-binding fragment is fused
to a second masking moiety (MM2) via a second non-cleavable Hnker (NCL2}. Any suitable
non-cleavable linker may be used, for example, non-cleavable linkers described in Section I
“Linker.”

163377 In some embodiments, the second antigen-binding fragment is fused to a second masking
motety {MMZ) via a second cleavable moiety (CM2). In some embodiments, the second antigen-
binding fragment is not masked. In some embodiments, the second antigen-binding fragment is

not fused to a second masking motety. Any suitable masking moieties may be used, for example,
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anti-HER2 masking moieties described in Section F, “Masking Moiety (MM)}.” Any suitable
cleavable moieties may be used, for example, cleavable moieties described in Section G,
“Cleavable Moiety (CM).”

[8338] In some embodiments, the multispecific antibody comprises a second antigen-binding
fragment comprising a second mmmunoglobulin hight chain vanable domain (VL2) and a second
mmmunoglobulin heavy chain variable domain (VH2) of an antibody that specifically binds
HER2. In some embodiments, the second antigen-binding fragment comprises 1, 2, 3, 4, 5, or 6
CDRs of trastuzurab. In some embodiments, the second antigen-binding fragment comprises 1,
2,3, 4,5, or 6 CDRs as shown in Table 18, In some embodiments, the VH2 comprises a CDR-
H1 comprising the amivo acid sequence of SEQ ID NO: 423, a CDR-H2 comprising the amino
acid sequence of SEQ ID NO: 424, and a CDR-H3 comprising the amino acid sequence of SEQ
1D NO: 71, and the VL2 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO: 72, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 73, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG: 74. In some embodiments, the VHZ
comprises the amino acid sequence of SEQ ID NO: 75, and the VL2 comprises the anmino acid
sequence of SEQ ID NO: 76. In some embodiments, the second antigen-binding fragment s
fused to a second masking motety (MM2} via a second cleavable moiety (CM2}. In some
embodiments, the MM?2 comprises an amino acid sequence according to Formula (XI):

ESX I XoCXaXuPPFXsCOXs (SEQ D NO: 670), wherein XaisDor E, Xs is A, F, V,or Y, Xa is
DorE, XsisAorkl, XsisDorE, and Xsis A, F, or Y. In some embodiments, the MM2
comprises an amino acid sequence according to Formula (XI):

XXX XX s XU K7 XsDPYECXoX 0 (SEQ 1D NO: 671), wherein Xy is A, H,or 8§, X0 is A, B, or
S, Xais A, T, orV, XuisP, S,or T, XsisDorE, Xsis Aor V, X7is DorE, Xgis Aor L, Xois
Q, S, or T, and X0 is A, H, or V. In some embodiments, the MM2 comprises an amino acid
sequence according to Formula (X1 YNSDDDCX SXoYDPYTCYY (SEQ ID NO: 672,
wherein Xiis A, I, or V, and X5 is H or R. In some embodiments, the MMZ2 comprises an aming
acid sequence selected from the group consisting of SEQ 1D NOs: 39, 419, 432-476, and 491~
315 In some embodiments, the MM?Z comprises the amino acid sequence of SEQ ID NO: 419
(ESDACDADPFDCQA). In some embodiments, the MM2 comprises the amino acid sequence
of SEQ 1D NO: 36. In some embodiments, the CMZ comprises an amino acid sequence selected

from the group consisting of SEQ 1D NOs: 77, 418, 420, 431 and 477-490, and 516-555. In some
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embodiments, the CM2 comprises the aming acid sequence of SEQ ID NO: 420, In some
embodiments, the CM2 comprises the amino acid sequence of SEQ 1D NO: 77.

[8339] In some embodiments, the multispecific antibody comprises a second antigen-binding
fragment comprising a second immunoglobulin hight chain variable domain (VL2) and a second
mmmunoglobulin heavy chain variable domain {(VH2) of an antibody that specifically binds
(D20, In some embodiments, the second antigen-binding fragment comprises 1,2, 3,4, 5, 0r 6
CDRs as shown in Table €. In some embodiments, the VH2 comprises a CDR-H1 comprising
the amino acid sequence of SEQ ID NO: 356, a CDR-H2 comprising the amino acid sequence of
SEQ ID NO: 557, and a CDR-H3 comprising the ammo acid sequence of SEQ 1D NO: 538, and
the VL2 comprises a CDR-L1 comprising the amino acid sequence of SEQ 13 NO: 559, a CDR-
L2 comprising the aroino acid sequence of SEQ ID NO: 560, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 561, In some embodiments, the VH2 comprises the amino
acid sequence of SEQ ID NO: 562, and the VL2 comprises the amino acid sequence of SEQ ID
NO: 563,

[634¢] In some embodiments, the multispecific antibody comprises an Fe region. In some
embodiments, the Fc region 13 of the human IgG1 subclass. In some embodiments, the Fe region
15 of the human IgG4 subclass. In some embodiments, the multispecific antibody comprises any
one of the Fc regions as described in Section J, “Fe regions and CH3 domains.” In some
embodiments, the multispecific antibody comprises any one of the CH3 domain mutations as
described in Section J, “Fc regions and CH3 domains,” including mutations as described in
Fables D-F.

(03417 In some embodiments, the multispecific antibody comprises a first CH3 domain and a
second CH3 domain, wherein the first CH3 domain comprises D356K, E3537K, S364K and
S400C substitutions and the second CH3 domain comprises £.351D, K370D, N390C and K439D
substitutions, or the first CH3 domain comprises L3510, K370D, N390C and K439D
substitutions and the second CH3 domain comprises D356K, F357K, 8364K and S400C
substitutions.

[6342] In some embodiments, the multispecific antibody is a hispecific antibody. In some
embodiments, the multispecific antibody binds human CD3 and HER2. In some embodiments,
the multispecific antibody binds human CD3 and CD20. In some embodiments, the multispecific

antibody binds human CD3 and TROPZ2. In some embodiments, the multispecific antibody binds
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human CD3 and BCMA. In some embodiments, the multispecific antibody binds human CD3
and CD19.

[8343] In some embodiments, the multispecific antibody is cross-reactive with a CD3
polypeptide from at least one non-human species selected from the group consisting of
cynomolgus monkey, mouse, rat and dog.

C. Activatable anti-CD3 antibodies

[0344] Also provided herein are activatable antibodies (“activatable anti-CD3 antibodies”) that
target CD3 (e.g., buman CD3). The activatable antibodies may be derived from any anti-CD3
antibodies known 1n the art, including, but not limited to, SP34, OKT3, as well as vanants,
mutants and derivatives thereof.

[#345] The present application provides activatable antibodies, activatable antibody fragments,
and polypeptides that target CD3, comprising a masking moiety (MM) comprising an anuno acid
sequence selected from the group consisting of SEQ 1D NOs: 35, 417, 585-588, and 597-599.
[8346] The present application also provides activatable antibodies, activatable antibody
fragments, and polypeptides that target CD3, comprising a masking moiety (MM) comprising the
amino acid sequence of EVGSY (SEQ ID NO: 667) at the N-terminus of the MM. Further, the
present application provides activatable antibodies, activatable antibody fragments, and
polypeptides that target CD3, comprising a2 masking motety (MM) comprising an amino acid
sequence according to Formula (IX): PYDDPDCPSHXSDCDX, (SEQ ID NO: 668), wherein
Xy1is Dor E, and X2 is N or Q. The present application also provides activatable antibodies,
activatable antibody fragments, and polypeptides that target CD3, comprising a masking moiety
(MM} comprising an amino acid sequence according to Formula (X):

KXo XXX C XX DX XoX 10U X 11 X2 (SEQ ID NO: 669), wherein Xy is Aor D, Xois A, D,
or P, Xsis D H, or P, Xa4is For P, XsisDorP, Xsis Dor P, Xsis Aor P, Xsis D, N, or P, Xo is
ANo P, XppisD H oS XpisH,P,orY,and Xppis N, P,or Y.

i} Activatable anti-CD3 antibodies derived from SP34 and low-affinity mutants
[8347] The present application provides activatable antibodies, activatable antibody fragments,

and polypeptides that target CD3, comprising a masking moiety (MM). In some embodiments,
the activatable antibody comprises a MM comyprising the amino acid sequence of EVGSY (SE(Q
1D NQO: 667) at the N-terminus of the MM. In some embodiments, the activatabie antibody

comprises a MM comprising an amino acid sequence according to Formula (IX):
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PYDDPDCPSHXSDCDX0 (SEQ 1D NO: 668), wherein X1 is D or E, and X5 is N or Q. In some
embodiments, the MM comprise an anino acid sequence selected from the group consisting of
SEQ 1D NOs: 35, 417 and 597-599. In some embodiments, the MM comprises the aming acid
sequence of SEQ 1D NO: 35. In some embodiments, the MM comprises the amino acid sequence
of SEQ D NO: 35 or 417,

[6348] In some embodiments, there 1s provided an antibody light chain comprising a polypeptide
comprising, from N-terminus to C-terminus, a MM, a cleavable moiety (CM), and a target
binding motety {TBM), wherein the MM comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 35, 417, and 597-599; wherein the CM comprises at least a
first cleavage site; and wherein the TBM comprises a VL of an anti-CD3 antibody.

[68349] In some embodiments, there 1s provided an antibody heavy chain corprising a
polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a TBM, wherein the
MM comprises an amine acid sequence selected from the group consisting of SEQ 1D NQOs: 35,
417, and 597-599; wherein the CM comprises at least a first cleavage site; and wherein the TBM
comprises a VH of an anti-CD3 antibody.

[835¢] In some embodiments, there 1s provided an activatable antibody targeting CD3
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises an anuno acid sequence selected from the group consisting of
SEQ ID NOs: 35, 417, and 597-599, wherein the MM mhibits binding of the activatable antibody
to CD3 when the CM 1s not cleaved; wherein the UM comprises at least a first cleavage site;
wherein the TBM comprises a VL, and the activatable antibody further comprises a second
polyvpeptide comprising a VH; and wherein the activatable antibody binds CD3 via the VH and
VL when the CM is cleaved.

[6351] In some embodiments, there is provided an activatable antibody targeting CD3
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 35, 417, and 597-599, wherein the MM inhibits binding of the activatable antibody
to CD3 when the CM is not cleaved; wherein the CM comprises at least a first cleavage site;
wherein the TBM comprises a VH, and the activatable antibody further comprises a second
polypeptide comprising a VL; and wherein the activatable antibody binds CD3 via the VH and

VL when the CM s cleaved.
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[6352] In some embodiments, there is provided an activatable antibody targeting CD3
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
scFv of an anti-CD3 antibody, wherein the MM comprises an amino acid sequence selected from
the group consisting of SEQ [ NOs: 35, 417, and 597-599, wherein the MM inhibits binding of
the activatable antibody to CD3 when the UM is not cleaved; wherein the CM comprises at least
a first cleavage site; and wherein the activatable antibody binds CD3 via the scFv when the CM
is cleaved.

[8353] In some embodiments, there i3 provided an activatable antibody targeting CD3
comprising, from N-terminus to C-terminus, a masking moiety (MM), a cleavable motety (CM),
and a CD3-binding motety, wherein: a) the CD3-binding motety comprises a VL and the
activatable antibody further comprises a second polypeptide comprising a VH; b) the CD3-
binding motety comprises a VH and the activatable antibody further comprises a second
polypeptide comprising a VL; ¢) the CD3-binding moiety comprises from the N-termious to the
C-terminus, a VL and a VH; or d) the CD3-binding moiety comprise from the N-terminus to the
C-terminus, 8 VH and a VL, wherein the CM comprises a cleavage site; wherein the MM inhibits
binding of the activatable antibody to CD3 when the CM 1s not cleaved; wherein the activatable
antibody binds CD3 via the VH and the VL. when the CM 1s cleaved; and whereimn the activatable
antibody binds D3 with half-maximal binding at a concentration of antibody (ECs0) that 15 at
least 10 nM {e.g., at least S0 nM, or at least 100 nM) as determined by an enzyme-linked
immunosorbent assay (ELISA}. In some embodiments, the first antigen-binding fragment binds
CD3 with a dissociation constant (Kd} of at least 56 oM. In some embodiments, the MM
comprises an amino acid sequence selected from the group consisting of SEQ ID NGs: 35, 417,
and 597-599.

(635471 Any one of the anti-CD3 antibodies and antigen-binding fragments that competitively
bind to the same epitope as SP34, incliding anti-CD3 antibodies described in Section 1) “Anti-
CD3 antibody” and Tables 5B-5H may be used.

[8355] In some embodiments, the TBM (7.e., CD3 binding moiety} comprises a VH comprising a
CDR-H1 comprising the amino acid sequence of SEQ ID NG: 61, a CDR-H2 comprising the
amino acid sequence of SEQ ID NO: 62, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NOG: 63; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of SEQ
1D NO: 64, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 65, and a CDR-L3
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comprising the amino acid sequence of SEQ ID NO: 66. In some embodiments, the CD3 binding
motety comprises a VH comprising the amino acid sequence of SEQ ID NO: 67, and/ora VL
comprising the amino acid sequence of SEQ 1D NO: 68, In some embodiments, the CD3 binding
motety is a scFv comprising the amino acid sequence of SEQ ID NG: 79. In some embodiments,
the MM comprises an amino acid sequence selected from the group consisting of SEQ 1D NOs:
35, 417 and 597-599.

[8356] In some embodiments, the TBM (f.e., CD3 binding moiety) comprises a VH comprising a
CDR-HI comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-HZ comprising the
amino acid sequence of SEQ ID NO: 392, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO: 395; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of
SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 398, and a
CDR-L3 comprising the arnino acid sequence of SEQ ID NO: 400. In sorme embodiments, the
CD3 binding moiety comprises a VH comprising the amino acid sequence of SEQ 1D NO: 402,
and/or a VL comprising the ammo acid sequence of SEQ 1D NO: 403, In some embodiments, the
CD3 binding moiety 1s a scFv comprising the amino acid sequence of SEQ ID NO: 421, In some
embodiments, the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 35, 417 and 597-599.

[8357] In some embodiments, the TBM {i.e., CD3 binding moiety) comprises a VH comprising a
CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 390, a CDR-H2 comprising the
amino acid sequence of SEQ D NO: 394, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO: 395; and/or a VL comprising a CDR-L1 comprising the amine acid sequence of
SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ D NO: 380, and a
CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381. In some embodiments, the
CD3 binding moiety comprises a VH comprising the amino acid sequence of SEQ 1D NO: 410,
and/or a VL comprising the amino acid sequence of SEQ 1D NO: 411, In some embodiments, the
CD3 binding moiety is a scFv comprising the amino acid sequence of SEQ 1D NO: 422, In some
embodiments, the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 35, 417 and 597-599.

[6358] Any one of the masking moieties for anti-CD3 antibodies described herein may be used,
inchuding, for example, the masking moieties of section F, “Masking Moiety (MM)” and Table

B, Table 13A and Table 40. In some embodiments, the MM comprises the amino acid sequence
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of SEQ ID NO: 417. In some embodiments, the MM comprises the aming acid sequence of SEQ
1D NQ: 35. In some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO:
597. In some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO: 598 In
some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO: 599.

[8359] Any one of the cleavage moieties described herein may be used, including, for example,
the cleavable moieties of section G, “Cleavable Moiety (CM)” and Tables 13A, 18-22 and 40. In
some embodiments, the CM comprises an amino acid sequence selected from the group
consisting of SEQ ID NOs: 77, 418, 420, 431 and 477-490, and 516-555. In some embodiments,
the CM comprises the amino acid sequence of SEQ ID NO: 418, In some embodiments, the CM
comprises the amine acid sequence of SEQ D NO: 77,

[836¢] In some embodiments, the activatable antibody targeting CD3 is a multispecific antibody,
such as a bispecific antibody. In some embodiments, the activatable antibody targeting CD3 15 a
bispecific T cell engager (B1TE) molecule, which also targets a tumor antigen, such as HERZ or
CD3.

[6#361] In some embodiments, the activatable antibody comprises a hght chain comprising an
amino acid sequence of TY23105, TY23110, TY23115, or TY23118, as shown in Table 3D In
some embodiments, the activatable antibody comprises a light chain comprising an amino acid
sequence selected from the group consisting of SEQ 1D NQOs: 589, 591, 593, and 595, In some
embodiments, the activatable antibody comprises a heavy chain comprising an aming acid
sequence of TY23105, TY23110, TY23115, or TY23118, as shown in Table 3D. In some
embodiments, the activatable antibody comprises a heavy chain comprising an aming acid
sequence selected from the group consisting of SEQ ID NQOs: 590, 592, 594, and 596.

i) Activatable anti-CID3 antibodies devived from OKT3
[8362] Also provided herein are activatable antibodies, activatable antibody fragments, and

polypeptides that target CD3, comprising a masking motety (MM) comprising an amino acid
sequence according to Formula (X} X1 XoXaDXaXsCXeX7DXsXoX 10CX 11 X 12 (SEQ 1D NO:
669), wherein X1is Aor D, Xois A, D, or P, X5is D, H or P, Xsis For P, Xsis Dor P, Xsis D
or P, X7is AorP, XeisD, N,or P, Xois A, M, or P, Xipis D, H, or 8§, Xy1is H, P,or Y, and X12
is N, P, or Y. In some embodiments, the activatable antibody comprises a MM comprising an
amino acid sequence selected from the group consisting of SEQ ID NO: 585-388. In some

embodiments, the MM comprises the amino acid of SEQ 1D NO: 585, In some embodiments, the
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MM comprises the amino acid of SEQ ID NO: 586, In some embodiments, the MM comprises
the amino acid of SEQ ID NO: 587, In some embodiments, the MM comprises the amino acid of
SEQ ID NG: 588,

[6363] In some embodiments, there 1s provided an antibody light chain comprising a polypeptide
comprising, from N-terminus to C-terminus, a MM, a cleavable moiety (CM), and a target
binding motety {(TBM), wherein the MM comprises an amino acid sequence selected from the
group consisting of SEQ D NO: 585-388; wherein the CM comprises at least a first cleavage
site; and wherein the TBM comprises a VL of an anti-CD3 antibody.

[8364] In some embodiments, there 1s provided an antibody heavy chain comprising a
polvpeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a TBM, wherein the
MM comprises an anmine acid sequence selected from the group consisting of SEQ 1D NO: 585-
588; wherein the CM comprises at least a first cleavage site; and wherein the TBM comprises a
VH of an anti-CD3 antibody.

[8365] In some embodiments, there 15 provided an activatable antibody targeting CD3
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 585-588, wherein the MM inhibits binding of the activatable antibody to CD3 when
the CM 1s not cleaved; wherein the CM comprises at least a first cleavage site; wherein the TBM
comprises a VL, and the activatable antibody further comprises a second polypeptide comprising
a VH; and wherein the activatable antibody binds T3 via the VH and VL when the CM 1s
cleaved.

[8366] Any one of the anti-CD3 antibodies and antigen-binding fragments that competitively
bind to the same epitope as OK T3, including anti-CD3 antibodies described in Table 3B may be
used.

[8367] In some embodiments, there is provided an activatable antibody targeting (D3
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 585-588, wherein the MM inhibits binding of the activatable antibody to CD3 when
the CM is not cleaved; wherein the CM comprises at least a first cleavage site; wherein the TBM

comprises a VH, and the activatable antibody further comprises a second polypeptide comprising
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a V1, and wherein the activatable antibody binds CD3 via the VH and VL when the CM is
cleaved.

[8368] In some embodiments, there is provided an activatable antibody targeting CD3
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
scFv of an anti-CD3 antibody, wherein the MM comprises an amino acid sequence selected from
the group consisting of SEQ 1D NO: 585-588, wherein the MM mhibits binding of the
activatable antibody to CD3 when the UM is not cleaved; wherein the CM comprises at leasta
first cleavage site; and wherein the activatable antibody binds CD?3 via the scFv when the CM s
cleaved.

[636%] In some embodiments, an activatable antibody s provided comprising, from N-terminus
to C-terminus, a masking moiety (MM), a cleavable moiety (CM), and a CD3-binding moiety,
wherein: a) the CD3-binding moiety comprises a VL and the activatable antibody further
comprises a second polypeptide comprising a VH; b) the CD3-binding moiety comprises a VH
and the activatable antibody further comprises a second polypeptide comprising a VL, ¢) the
CD3-binding motety comprises from the N-terminus to the C-terminus, a VL0 and a VH; or dj the
CD3-binding moiety comprises from the N-terminus to the C-termunus, a VH and a VL, and
wherein the UM comprises a cleavage stte; wherein the MM mhibits binding of the activatable
antibody to CD3 when the UM 1s not cleaved, wherein the activatable antibody binds CD3 via
the VH and the VL when the CM 1s cleaved, wherein the MM comprises an amino acid sequence
selected from the group consisting of SEQ 1D NG: 585-588.

[637¢] In some embodiments, the anti-CD3 antigen-binding fragment 1s selected from the group
consisting of a Fab, a Fv, a scFab and a scFv.

[#371] In some embodiments, the TBM (i.e., CD3 binding moiety} comprises a VH comprising a
CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 368, a CDR-H2 comprising the
amino acid sequence of SEQ ID NO: 369, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NOG: 370; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of
SEGQ ID NO: 371, a CDR-L2 comprising the amino acid sequence of SEQ ID NG: 372, and a
CDR-L3 comprising the amino acid sequence of SEQ ID NO: 373, In some embodiments, the
D3 binding motety comprises a VH comprising the amino acid sequence of SEQ ID NO: 366,

and/or a VL comprising the amino acid sequence of SEQ 1D NO: 367, In some embodiments, the
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MM comprises an aming acid sequence selected from the group consisting of SEQ ID NOs: 585-
S&8.

83721 Any one of the cleavage moieties described herein may be used, including, for example,
the cleavable moieties of section G, “Cleavable Moiety {CM)” and Tables 13A, 18-22 and 40. In
some embodiments, the CM comprises an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 77, 418, 420, 431 and 477-490, and 516-555. In some embodiments,
the CM comprises the amino acid sequence of SEQ 1D NO: 431

[8373] In some embodiments, the activatable antibody comprises a light chain comprising an
amino acid sequence of TY23100, TY23101, TY23102, or TY23104, as shown in Table 3C. In
some embodiments, the activatable antibody comprises a light chain comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 577, 579, 581, and 583. In some
embodiments, the activatable antibody comprises a heavy chain comprising an amino acid
sequence of TY23100, TY23101, TY23102, or TY23104, as shown in Table 3C. In some
embodiments, the activatable antibody comprises a heavy chain comprising an amino acid
sequence selected from the group consisting of SEQ 1D NQs: 578, 580, 582, and 584.

D. Activatable anti-HERZ2 antibodies

[€374] The present application provides activatable antibodies, activatable antibody fragments,
and polypeptides that target HER2, comprising a masking motety (MM} comprising an anuno
acid sequence selected from the group consisting of SEQ ID NQOs: 36, 419, 432-476, and 491~
515. In some embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 36 or
419,

[8375] In some embodiments, there 1s provided an antibody light chain comprising a polypeptide
comprising, from N-terminus to C-terminus, a MM, a cleavable moiety (CM), and a target
binding motety (TBM), wherein the MM comprises an amino acid sequence selected from the
eroup consisting of SEQ 1D NOs: 36, 419, 432-476, and 491-515; wherein the UM comprises at
least a first cleavage site; and wherein the TBM comprises a VL of an anti-HER2 antibody. In
some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO: 36 or 419.
[6376] In some embodiments, there is provided an antibody heavy chain comprising a
polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a TBM, wherein the
MM comprises an aming acid sequence selected from the group consisting of SEQ ID NQOs: 36,

419, 432-476, and 491-515; wherein the CM comprises at least a first cleavage site; and wherein
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the TBM comprises a VH of an anti- HERZ antibody. In some embodiments, the MM comprises
the amino acid sequence of SEQ ID NO: 36 or 419,

[8377] In some embodiments, there is provided an activatable antibody targeting HER2
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 36, 419, 432-476, and 491-515, wherein the MM inhibits binding of the
activatable antibody to HER2 when the CM 1s not cleaved; wherein the CM comprises at least a
first cleavage site; wherein the TBM comprises a VL, and the activatable antibody further
comprises a second polypeptide coraprising a VH; and wherein the activatable antibody binds
HER2 via the VH and VL when the CM 1s cleaved. In some embodiments, the MM comprises
the amino acid sequence of SEQ ID NO: 36 or 419.

[8378] In some embodiments, there is provided an activatable antibody targeting HERZ
comprising a first polypeptide comprising, from N-terminwus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises an amino acid sequence selected from the group counsisting of
SEQ ID NOs: 36, 419, 432-476, and 491-515, wherein the MM 1nhibits binding of the
activatable antibody to HERZ when the CM 13 not cleaved; wherein the UM comprises at least a
first cleavage site; wherein the TBM comprises a VH, and the activatable antibody further
comprises a second polypeptide comprising a VL; and wherein the activatable antibody binds
HER2 via the VH and VL when the UM 15 cleaved. In some embodiments, the MM comprises
the amino acid sequence of SEQ 1D NO: 36 or 419

[6379] In some embodiments, there 1s provided an activatable antibody targeting HER2
comprising a first polypeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
scFv and an anti-HER?2 antibody, wherein the MM comprises an amino acid sequence selected
from the group consisting of SEQ 1D NQOs: 36, 419, 432-476, and 491-515, wherein the MM
mhibits binding of the activatable antibody to HERZ2 when the CM is not cleaved; wherein the
CM comprises at least a first cleavage site; and wherein the activatable antibody binds HER2 via
the scFv when the CM is cleaved. In some embodiments, the MM comprises the amino acid
sequence of SEQ ID NO: 36 or 419.

[8380] In some embodiments, the TBM (7.e., HER2-binding moiety) comprises a VH comprising
an CDR-H1 comprising the amino acid sequence of SEQ 1D NG: 69, a CDR-H2 comprising the

amino acid sequence of SEQ ID NO: 70, and a CDR-H3 comprising the amino acid sequence of
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SEQ ID NG: 71; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of SEQ
1D NO: 72, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 73, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO: 74,

[6381] In some embodiments, the TBM (7.e., HERZ-binding moiety) comprises a YH comprising
an CDR-HI1 comprising the amino acid sequence of SEQ ID NO: 69 or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, a CDR-H2
comprising the amino acid sequence of SEQ ID NQO: 70 or a variant thereof comprising up o
about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO: 71 or a variant thereof comprising up to about 3 (such as
about any of 1, 2, or 3) amino acid substitutions; and/or a VL comprising a CDR-L1 comprising
the amino acid sequence of SEQ I NO: 72 or a variant thereof comprising up to about 3 (such
as about any of 1, 2, or 3) amino acid sabstitutions, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 73 or a variant thereof comprising up to about 3 (such as about any of
1, 2, or 3) amino acid substitutions, and a CDR-L3 comprising the amino acid sequence of SEQ
1D NG: 74 or a variant thereof comprising up to about 3 {such as about any of 1, 2, or 3) amino
acid substitutions.

[6382] In some embodiments, the TBM (7.e., HER2-binding moiety} comprises a VH comprising
an CDR-HI comprising the ammno acid sequence of SEQ ID NO: 423, a CDR-H2 comprising the
amino acid sequence of SEQ ID NO: 424, and a CDR-H3 comprising the anuno acid sequence of
SEQ 1D NG: 71; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of 8EQ
ID NG: 72, a CDR-L2 comprising the amino acid sequence of SEQ ID NG: 73, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO: 74,

[6#383] In some embodiments, the TBM (i.e., HERZ2-binding moiety) comprises a VH comprising
an CDR-H1 comprising the amino acid sequence of SEQ ID NO: 423 or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3} amino acid substitutions, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 424 or a variant thereof comprising up to
about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a CDR-H3 comprising the
amino acid sequence of SEQ D NO: 71 or a variant thereof comprising up to about 3 (such as
about any of 1, 2, or 3) amino acid substitutions; and/or a VL comprising a CDR-L1 comprising
the amino acid sequence of SEQ DD NO: 72 or a variant thereof comprising up to about 3 (such

as about any of 1, 2, or 3) amino acid substitutions, a CDR-L2 comprising the amino acid
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sequence of SEQ ID NO: 73 or a variant thereof comprising up to about 3 (such as about any of
1, 2, or 3) amino acid substitutions, and a CDR-L3 comprising the amino acid sequence of SEQ
1D NO: 74 or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino
acid substitutions.

[8384] In some embodiments, the TBM (7.e., HER2-binding moiety} comprises a VH comprising
the amino acid sequence of SEGQ ID NO: 75 and/or a VL comprising the amino acid sequence of
SEQ ID NG: 76.

[8385] In some embodiments, the TBM (7.e., HER2-binding motety) comprises a VH comprising
an amino acid sequence comprising at least 80% (e g, at least any one of 83%, §7%, 90%, 91%,
92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or more} sequence identity to the amino acid
sequence of SEQ ID NO: 75 and/or a VL comprising an amino acid sequence comprising at least
80% {e.g., at least any one of 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more) sequence identity to the amino acid sequence of SEQ ID NO: 76,

[8386] In some embodiments, the activatable antibody targeting HER2 1s a multispecific
antibody, such as a bispecific antibody. In some embodiments, the activatable antibody targeting
HERZ2 15 a bispecific T cell engager (B1TE) molecule, which also targets CD3.

E. General properties of activatable antibodies

{83871 The activatable antibodies, including activatable multispecific antibodies, activatable
anti-CD3 antibodies and activatable anti-HER2 antibodies described herein may have one or
more of the general properties described in this Section E.

[6388] In some embodiments, the activatable antibody comprises a polypeptide comprising a
target-binding moiety (TBM), a cleavable motety (M), and a masking moiety (MM). In some
embodiments, the TBM comprises an amino acid sequence that binds a target such as CD3,
HER2, CD20, TROP2, BCMA, or CI219. In some embodiments, the TBM comprises an
antigen-binding fragment {ABD) of an antibody. In some embodiments, the TBM 1s an antigen-
binding fragment. In some embodiments, the TBM comprises an antibody light chain variable
region {VL) and an antibody heavy chain variable region (VH}, wherein the VH and VL forms a
binding domain that binds the target in the absence of the MM. In some embodiments, the VH
and VL are covalently linked, e.g., in a scFv. In some embodiments, the VH and VL form an Fv
fragment. In some embodiments, the VH s linked to an antibody heavy chain constant region,

and the VL is linked to an antibody light chain constant region. In some embodiments, the
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activatable antibody comprises an Fc region comprising any one or combination of the
engineered disulfide bonds or salt bridges described herein. In some embodiments, the
activatable antibody comprises an F¢ region that does not comprise any one or combination of
the engineered disulfide bonds or salt bridges described herein.

[8389] In some embodiments, the activatable antibody comprises a polypeptide comprising the
structure, from N-terminus to C-terminus, of masking moiety (MM)-cleavable moiety (CM)-
VL, and the activatable antibody further coraprises a second polypeptide comprising a VH {e.g,,
a Fab fragment). In some embodiments, the activatable antibody comprises a polypeptide
comprising the structure, from N-terminus to C-terminus, oft masking motety (MM)-cleavable
motety (CM)-VL-VH (e.g., a scFv). In some embodiments, the activatable antibody comprises a
polypeptide comprising the structure, from N-terminus to C-terminus, oft masking motety
(MM)-cleavable moiety (CM}-VH, and the activatable antibody further comprises a second
polypeptide comprising a VL {e.g., a Fab fragment). In some embodiments, the activatable
antibody comprises a polypeptide comprising the structure, from N-terminus to C-terminus, of’
masking moiety (MM)~cleavable molety (CM)-VH-VL {e.g., a scFv).

[83%¢] In some embodiments, the activatable antibody comprises a polypeptide comprising the
structure, from N-terminus to C-terminus, of: masking motety (MM)-L1-cleavable molety (CM)-
1.2-VL, and the activatable antibody further comprises a second polypeptide comprising a VH
{e.g., a Fab fragment}. In some embodiments, the activatable antibody comprises a polypeptide
comprising the structure, from N-terminus to C-terminus, of: masking motety {(MM)-L1-
cleavable motety (CM)}-L2-VL-L3-VH {e.g., a scFv). In some embodiments, the activatable
antibody comprises a polypeptide comprising the structure, from N-terminus to C-termunus, of:
masking moiety (MM)-cleavable moiety ({CM}-L1-VH, and the activatable antibody further
comprises a second polypeptide comprising a VL {e.g., a Fab fragment). In some embodiments,
the activatable antibody comprises a polypeptide comprising the structure, from N-terminus to
C-terminus, of masking moiety (MM)-L1-cleavable motety (CM)-L2-VH-L3-VL (e.g., a scFv).
In some embodiments, L1, L2, and/or L3 are linkers. In some embodiments, each of L1, L2, and
L3 is a linker that can independently be either a bond or a peptide linker having an independently
selected length of 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8

or more, 9 or more, or 10 or more amino acids.
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[6391] In some embodiments, there is provided an activatable antibody comprising a first

polypeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3

domain, and a third polypeptide, wherein:

(1) the first polypeptide comprises a structure represented by the formula:

VH-CHI-hinge-CH2-first CH3;

(i1) the second polypeptide comprises a structure represented by the formula:

MMI-CM1-scFv-hinge-CH2-second CH3; and

(i1) the third polypeptide comprises a structure represented by the formula:

wherein:

MM2-CM2-VL-CL;

VL 15 an immunoglobulin light chain variable domain;

VH is an inmunoglobulin heavy chain variable domain;

scFv is a single-chain variable fragment;

CL is an immunoglobulin Hght chain constant domain;

CHU is an immunoglobulin heavy chain constant domain 1

CH2 s an immunoglobulin heavy chain constant domain 2;

hinge s an imrousoglobulin hinge region connecting the CH1 and CH2 domains;
MM is a first masking peptide;

MM?2 is a second masking peptide;

CM1 is a first cleavable peptide; and

M2 is a second cleavable peptide;

wherein VL and VH associate to form a first Fv that specifically binds a first target; wherein the

scFv specifically binds a second target; wherein MM1 inhibits the binding of the scFv to the first

target when CM1 is not cleaved; and whersin MM?Z inhibits the binding of the first Fv to the

second target when CM?2 is not cleaved. In some embodiments, the first CH3 domain and the

second CH3 domain do not comprise any one or combination of the engineered disulfide bonds

or salt bridges described herein. In some embodiments, the first CH3 domain and the second

CH?3 domain comprise any one or combination of the engineered disulfide bonds or salt bridges

described herein. In some embodiments, the first CH3 domain comprises N390C substitution and

the second CH?3 domain comprises S400C substitution, or the first CH3 domain comprises

S400C substitution and the second CH3 domain comprises N390C substitution. In some
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embodiments, the first CH3 domain comprises E357K, S364K and 8400C substitutions and the
second CH3 domain comprises L3510, K370D, and N390C substitutions, or the first CH3
domain comprises L3510, K370, and N390C substitutions and the second CH3 domain
comprises E337K, 8364K and S400C substitutions. In some embodiments, the first CH3 domain
comprises D356K, E357K, $364K and N3%0C substitutions and the second CH3 domain
comprises L.351D, K370D, K439D and S400C substitutions, or the first CH3 domain comprises
L3510, K3700, K439D and S400C substitutions and the second CH3 domain comprises
D356K, E3537K, 5364K and N390C substitutions. In some ernbodiments, the first CH3 domain
comprises D356K, E357K, 8364K and S400C substitutions and the second CH3 domain
comprises L.351D, K370D, N390C and K439D substitutions, or the first CH3 domain coraprises
L351D, K370D, N390C and K439D substitutions and the second CH3 domain comprises
D356K, E337K, 5364K and 5400C substitutions. In some embodiments, the activatable antibody
comprises an IgG1 Fe region, such as an 1gG1 Fc having an N297A substitution. In soroe
embodirents, the first target is a tumor antigen (e.g., HERZ, CD20, TROPZ, BCMA, or CDI9)
and the second target is CD3 (e.g., CD3e). In some embodiments, the first target is CD3 (e.g.,
CD3e) and the second target is a tumor antigen {e.g., HER2, CD20, TROPZ, BCMA, or CD319).
[€392] In some embodiments, there 1s provided an activatable antibody comprising a first
polypeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain, and a third polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
MMI1-CM1-VH-CHI-hinge-CH2-first CH3;
(ii) the second polypeptide comprises a structure represented by the formula:
MM2-CM2-scFv-hinge-CH2-second CH3; and
(iii) the third polypeptide comprises a structure represented by the formmla:
YL-CL;
wherein:
VL is an immunoglobulin light chain variable domain;
VH is an immunoglobulin heavy chain variable domain;
scFv is a single-chain variable fragment;
CL is an immunoglobulin Hght chain constant domain,

CH1 is an immunoglobulin heavy chain constant domain 1
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CHZ is an immunoglobulin heavy chain constant domain 2;

hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;

MMI is a first masking peptide;

MM?2 is a second masking peptide;

CM1 is a first cleavable peptide; and

CM2 is a second cleavable peptide;
wherein VL and VH associate to form a first Fv that specifically binds a first target; wherein the
scFv specifically binds a second target; wherein MM iohibits the binding of the first Fv to the
first target when CM1 is not cleaved; and wherein MM2 inhibits the binding of the scFv to the
second target when CM2 is not cleaved. Tn some embodiments, the first CH3 domain and the
second CH3 domain do not comprise any one or combination of the engineered disulfide bonds
or salt bridges described herein. In some embodirnents, the first CH3 domain and the second
CH3 domain comprise any one or combination of the engineered disulfide bonds or salt bridges
described herein. In some embodiruents, the first CH3 domain comprises N390C sabstitution and
the second CH3 domain comprises 3400C substitution, or the first CH3 domain comprises
S400C substitution and the second CH3 domain comprises N390C substitation. In some
embodiments, the first CH3 domain comprises E357K, S364K and S400C substitutions and the
second CH3 domain comprises L351D, K370D, and N390C substitutions, or the first CH3
domain comprises L351D, K370D, and N390C substitutions and the second CH3 domain
comprises E357K, S364K and S400( substitutions. In some embodiments, the first CH3 domain
comprises D356K, E357K, 8364K and N390C substitutions and the second CH3 domain
comprises L3510, K370D, K439D and 5400C substitutions, or the first CH3 domain comprises
L351D, K370D, K439D and S400C substitutions and the second CH3 domain comprises
D356K, EA57K, §364K and N380C substitutions. In some embodiments, the first CH3 domain
comprises D356K, E357K, 5364K and S400C substitutions and the second CH3 domain
comprises L351D, K370D, N390C and K439D substitutions, or the first CH3 domain comprises

351D, K370D, N390C and K439D substitutions and the second CH3 domain comprises

D356K, E357K, $364K and S400C substitutions. In some embodiments, the activatable antibody
comprises an 1gG1 Fc region, such as an IgG1 Fe having an N297A substitution. In some

embodiments, the first target is a tumor antigen {e.g., HERZ, CD20, TROPZ, BCMA, or CD19)
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and the second target is CD3 {e.g., CD3e). In some embodiments, the first target is CD3 (e.g.,
CD3e) and the second target is a tumor antigen {e.g., HER2, CD20, TROP2, BCMA, or CD19).
[6393] In some embodiments, there is provided an activatable antibody comprising a first
polypeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain, a third polypeptide, and a fourth polypeptide, wherein:
(1) the first polypeptide comprises a structure represented by the formula:
MMI-CM1-VHI-CH1-hinge-CH2-first CH3;
(i1) the secound polypeptide comprises a structure represented by the formula:
MM2-CM2-VH2-CH1-hinge-CH2-second CH3;
(i11) the third polypeptide comprises a structure represented by the formula:
VL1-CL; and
(iv) the fourth polypeptide comprises a structure represented by the formula:
VL2-CL;
wherein:
VLI is a first immunoglobulin light chain variable doroain;
VHI is a first immunoglobulin heavy chain variable domain;
V1.2 is a second immunoglobulin light chain variable domain;
VHZ is a second immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CH1 is an immunoglobulin heavy chain constant domain 1;
CH2 is an immunoglobulin heavy chain constant domain 2;
hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;
MM is a first masking peptide;
MM2 is a second masking peptide;
M1 is a first cleavable peptide; and
CM?2 is a second cleavable peptide;
wherein VL1 and VHI associate to form a first Fv that specifically binds a first target; wherein
VL2 and VH2 associate to form a second Fv that specifically binds a second target; wherein
MM inhibits the binding of the first Fv to the first target when CM1 is not cleaved; and wherein
MM?Z inhibits the binding of the second Fv to the second target when CM?Z is not cleaved. In

some ermbodiments, the first CH3 domain and the second CH3 domain do not comprise any one
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or combination of the engineered disulfide bonds or salt bridges described herein. In some
embodiments, the first CH3 domain and the second CH3 domain comprise any one or
combination of the engineered disulfide bonds or salt bridges described herein. In some
embodiments, the first CH3 domain comprises N390C substitution and the second CH3 domain
comprises S400C substitation, or the first CH3 domain comprises S400C substitution and the
second CH3 domain comprises N390C substitution. In some embodiments, the first CH3 domain

comprises E357K, 8364K and S400C substitutions and the second CH3 domain comprises

and N390C substitutions and the second CH3 domain corprises E357K, 8364K and S400C
sabstitutions. In some embodiments, the first CH3 domain coraprises D356K, E357K, $364K
and N390C substitutions and the second CH3 domain comprises L351D, K370D, K439D and
S400C sabstitutions, or the first CH3 domain comprises L351D, K370D, K439D and S400C
substitations and the second CH3 domain comprises D356K, E357K, S364K and N390C
sabstitutions. In some embodiments, the first CH3 domain coraprises D356K, E357K, 8364K
and 8400C substitutions and the second CH3 domain cornprises 1.351D, K370D, N390C and
K439D substitutions, or the {irst CH3 dowain comprises L3510, K370D, N3%0C and K439D
substitutions and the second CH3 domain comprises D3536K, E357K, S364K and 3400C
substitutions. In some embodiments, the activatable antibody comprises an IgG1 Fe region, such
as an 1gGl Fe having an N297A substitution. In some embodiments, the first target is a tumor
antigen {e.g., HER2, CD20, TROPZ, BCMA, or CD19) and the second target is CD3 (e.g.,
CD3e). In some embodiments, the first target is CD3 (e.g., CD3e) and the second targetis a
tamor antigen {e.g., HER2, CD20, TROPZ, BCMA, or CD19).
[6384] In some embodiments, there is provided an activatable antibody comprising a first
polypeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain, a third polypeptide, and a fourth polypeptide, wherein:

(i) the first polypeptide comprises a structure represented by the formula:

MMI-CM1- VHI-CHI-hinge-CH2-first CH3;
(ii) the second polypeptide comprises a structure represented by the formula:
VH2-CH1-hinge-CH2-second CH3;
(iii) the third polypeptide comprises a structure represented by the formula:

YL1-CL; and
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(iv) the fourth polypeptide comprises a structure represented by the formula:
MM2-CM2-VLE2-CL;

wherein:

VL1 is a first immunoglobulin light chain variable domain:

VHI is a first immunogiobulin heavy chain variable domain;

Y12 is a second immunoglobulin light chain variable domain;

VH2 is a second immunogicbulin heavy chain variable domain;

CL is an immunoglobulin Hght chain constant domain;

CH1 is an immunoglobulin heavy chain constant domain 1

CH2 is an immunoglobulin heavy chain constant domain 2;

hinge is an imrounoglobulin hinge region connecting the CH1 and CH2 domaius;

MM is a first masking peptide;

MM?2 is a second masking peptide;

CM1 is a first cleavable peptide; and

M2 is a second cleavable peptide;
wherein VL1 and VHI associate to form a first Fv that specifically binds a first target; wherein
VL2 and VH2 associate to form a second Fv that specifically binds a second target; wherein
MM inhibits the binding of the first Fv to the first target when CM1 is not cleaved; and wherein
MM2 inhibits the binding of the second Fv to the second target when CM2 1s not cleaved. In
some embodiments, the first CH3 domain and the second CH3 domain do not comyprise any one
or combination of the engineered disulfide bonds or salt bridges described herein. In some
embodiments, the first CH3 domain and the second CH3 domain comprise any one or
combination of the engineered disulfide bonds or salt bridges described herein. In some
embodiments, the first CH3 domain comprises N390C substitution and the second CH3 domain
comprises S400C substitution, or the first CH3 domain comprises 8400C substitution and the
second CH3 domain comprises N390C substitution. In some embodiments, the first CH3 domain
comprises E357K, 8364K and S400C substitutions and the second CH3 domain comprises
L3510, K370D, and N390C substitutions, or the first CH3 domain comprises L351D, K370D,
and N390C substitutions and the second CH3 domain comprises E357K, 8364K and 5400C
substitutions. In some embodiments, the first CH3 domain comprises D356K, E357K, 8364K
and N390C substitutions and the second CH3 domain comprises L3510, K370D, K439D and
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S400C substitutions, or the first CH3 domain comprises L3510, K370D, K439D and S400(
substitutions and the second CH3 domain comprises D356K, E357K, §364K and N350C
substitutions. In some embodiments, the first CH3 domain comprises D356K, E357K, S364K
and S400C substitutions and the second CH3 domain comprises L351D, K370D, N390C and
K439D gubstitutions, or the first CH3 domain comprises L351D, K370D, N3%0C and K439D
substitutions and the second CH3 domain comprises D356K, E357K, 364K and S400C
substitutions. In some embodiments, the activatable antibody comprises an IgG1 Fc region, such
as an 1gG1 Fe having an N297A sebstitution. In some ernbodiments, the first target is a turnor
antigen {e.g., HER2, CD20, TROPZ, BCMA, or CD19) and the second target is CD3 {(e.g.,
CD3e). In soroe embodiments, the first target 15 CD3 (e.g., CD3e) and the second target is a
tumor antigen {e.g., HER2, CD20, TROPZ, BCMA, or CD19).
[6385] In some embodiments, there is provided an activatable antibody comprising a first
polypeptide comprising a first CH3 dorain, a second polypeptide comprising a second CH3
domain, a third polypeptide, and a fourth polypeptide, wherein:
(i) the first polypeptide comprises a structure represented by the formula:
VHI1-CH1-hinge-CH2-first CH3;
(ii) the second polypeptide comprises a structure represented by the formula:
VH2-CHI-hinge-CH2-second CH3;
(ii1) the third polypeptide comprises a structure represented by the formula:
MMI-CM1-VL1-CL; and
(iv) the fourth polypeptide comprises a structure represented by the formula:
MM2-CM2-VL2-CL;
wherein:
VLI is a first immunoglobulin light chain variable domain;
VH1 is a first immunoglobulin heavy chain variable domain;
VL2 is a second immunoglobulin light chain variable domain:
VH2 is a second immunogiobulin heavy chain variable domain;
CL is an immunoglobulin Hght chain constant domain,
CH1 is an immunoglobulin heavy chain constant domain 1;
CHZ is an immunoglobulin heavy chain constant domain 2;

hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains;
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MMT is a first masking peptide;

MM?Z is a second masking peptide;

CM1 is a first cleavable peptide; and

CM2 is a second cleavable peptide;
wherein VL1 and VHI associate to form a first Fv that specifically binds a first target; wherein
VL2 and VH2 associate to form a second Fv that specifically binds a second target; wherein
MM inhibits the binding of the first Fv to the first target when CMI is not cleaved; and wherein
MM?2 inhibits the binding of the second Fv to the second target when CM2 is not cleaved. In
some embodiments, the first CH3 domain and the second CH3 dornain do not comprise any one
or combination of the engineered disulfide bonds or salt bridges described herein. In some
ervbodiments, the first CH3 domain and the second CH3 domain comprise any one or
combination of the engineered disulfide bonds or salt bridges described herein. In some
ervbodiments, the first CH3 domain comprises N390C substitution and the second CH3 domain
comprises S400C substitution, or the first CH3 domain comprises S400C substitution and the
second CH3 domain comprises N390C substitution. In some embodiments, the first CH3 domain
comprises E357K, S364K and 5400C substitutions and the second CH3 dowmain comprises
L.351D, K370D, and N390C substitutions, or the first CH3 domain comprises L351D, K370D,
and N390C substitations and the second CH3 domain comprises E357K, S364K and 5400
sttbstitations. In some embodiments, the first CH3 domain comprises D356K, E357K, S364K
and N390C substitations and the second CH3 domain comprises L3515, K3705, K439D and
S400C substitations, or the first CH3 domain comprises L331D, K370D, K439D and 5400C
substitutions and the second CH3 domain comprises 356K, E357K, 8364K and N390C
substitutions. In some embodiments, the first CH3 domain comprises D356K, E357K, §364K
and S400C substitutions and the second CH3 domain comprises L351D, K370D, N390C and
K439D substitutions, or the first CH3 domain comprises L351D, K370D, N390C and K439D
substitutions and the second CH3 domain comprises D356K, E357K, 5364K and S400C
substitutions. In some embodiments, the activatable antibody comprises an 1gG1 Fc region, such
as an 1gG1 Fc having an N297 A substitution. In some embodiments, the first target is a tumor
antigen {e.g., HER2, CD20, TROP2, BCMA, or CD19) and the second target is CD3 (e.g.,
CD3e). In some embodiments, the first target is CD3 (e.g., CD3e) and the second target is a

tumor antigen {e.g., HER2, CD20, TROP2, BCMA, or CD19).
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[8396] In some embodiments, the activatable antibody 1s designed based on any one of the
multispecific antibodies described herein, e.g., by fusing a masking motety (MM} to a target-
binding moiety (TBM) in the multispecific antibody via a cleavable moiety (CM), wherein the
MM inhibits binding of the TBM to its target when the CM 15 not cleaved. Activatable antibodies
have been described, for example, in W(O2019/149282, the contents of which are incorporated
herein by reference in its entirety. The activatable antibody may comprise any one of the TBMs
described in Section H, “Target binding moiety (TBM).” The activatable antibodies described
herein may comprise one or more hnkers described in Section [, “Linker”, e.g., disposed between
MM and CM, CM and TBM, or TBM and hinge region of an Fc.

[6397] The MM refers to an amino acid sequence that, when the CM of the activatable antibody
15 1ntact {e.g., uncleaved by a corresponding enzyme, and/or containing an unreduced cysteine-
cysteine disulfide bond), the MM winterferes with or inhibits binding of the TBM to its target. In
some embaodiments, the MM nterferes with or inhibits binding of the TBM to its target so
efficiently that binding of the TBM fo its target 1s extremely low and/or below the limit of
detection (e.g., binding cannot be detected in an ELISA or flow cytometry assay). The amino
acid sequence of the CM may overlap with or be included within the MM, It should be noted that
for sake of convenience “activatable antibody” are used herein to refer to an activatable antibody
or activatable antibody in both their uncleaved {or “native”} state, as well as m thewr cleaved
state. It will be apparent to the ordinanly skilled artisan that 11 some embodiments a cleaved
activatable antibody may lack an MM due to cleavage of the UM, e.g., by a protease, resulting in
release of at least the MM {e.g., where the MM 15 not joined to the activatable antibody by a
covalent bond {e.g., a disuffide bond between cysteine residues}).

[#398] The UM generally includes an amino acid sequence that is cleavable, for example, serves

as the substrate for an enzyme and/or a cysteine-cysteine pair capable of forming a reducible

"N non

disulfide bond. As such, when the terms "cleavage,” "cleavable" "cleaved" and the like are used
in connection with a CM, the terms encompass enzymatic cleavage, e.g., by a protease, as well as
disruption of a disulfide bond beiween a cysteine-cysteine pair via reduction of the disulfide
bond that can result from exposure to a reducing agent.

[6399] In some embodiments, the activatable antibodies do not induce ADCC effects. Methods
of measuring ADCC effects are known in the art. In some embodiments, the activatable

antibodies (when in active form or inactive form) do not ADCC effects by more than about 10%
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{ do not mduce ADCC by more than about 10%, more than about 5%, more than about 1 %,
more than about 0.1 %, more than about 0.01 %) relative to a control. In some embodiments, the
activatable antibodies comprise an Fe¢ region having reduced or no ADCC effects and/or reduced
or no crosslinking effects. 1n some embodiments, the activatable antibodies comprise an Fe
region having enhanced ADCC and/or crosslinking effects.

[8406] In some embodiments, the activatable antibodies {e.g., activatable BiTE molecules) are
capable of inhibiting tumor cell growth and/or proliferation. In some embodiments, the tumor
cell growth and/or proliferation is intubited by at least 3% (e.g., at least 5%, at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
0%, or at least 99%) when contacted with the activatable antibodies and T cells relative to
corresponding tumor cells not contacted with the activatable antibodies (or relative to
corresponding tumor cells contacted with an isotype control antibody and T cells). In some
embodiments, the activatable antibodies are capable of reducing tumor volume in a subject when
the subject 15 administered the activatable antibodies. In some embodiments, the activatable
antibodies (¢.g., activatable BiTE molecules) are capable of reducing tumor volume in a subject
by at least 5% (e.g., at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, or at least 99%) relative to the mital
tumor volume in the subject {e.g., prior to administration of the activatable antibodies; as
compared to a corresponding tumor in a subject administered an isotype control antibody).
Methods of monitoring tumor cell growth/proliferation, tumor volume, and/or tumor inhibition
are known in the art.

(84017 In some embodiments, the activatable antibodies have therapeutic effect on a cancer. In
some embodiments, the activatable antibodies reduce one or more signs or symptoms of a cancer.
in some embodiments, a subject suffering from a cancer goes into partial or complete remission
when administered the activatable antibodies.

F. Masking Moiety (MM)

[8402] The masked antibodies, multispecific antibodies {e.g., masked multispecific antibodies)
and activatable antibodies {e.g., activatable multispecific antibodies, activatable anti-CD3
antibodies, and activatable anti-HERZ2 antibodies) described herein comprise one, two or more
masking moieties. Sequences of exemplary masking moteties are shown in Table B below.

Masking moieties can be isolated from phage display libraries, for example, as described in
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WO2019/149282, which 18 incorporated herein by reference in its entirety. Sequences of
exemplary masking moteties are also shown in Tables B, 13A, 18-22 and 40.

[8403] In some embodiments, the masked, multispecific and/or activatable antibody comprises a
MM comprising the amino acid sequence of EVGSY (SEQ ID NO: 667) at the N-terminus of the
MM.

[8404] In some embodiments, the masked, multispecific and/or activatable antibody cornprises a
MM comprising an amino acid sequence according to Formula (IX): PYDDPDCPSHX SDCDX,
{(SEQ 1D NO: 668), wherein X; is D or E, and X is N or Q. In some embodiments, the masked,
multispecitic and/or activatable antibody coroprises a MM comprising an amino acid sequence
according to Formula (X): X1 X22GDXXsCReX7DXeXoX 10U X 11 X2 (SEQ 1D NG: 669), wherein
XiisAor D, Xois A D, or P 2Xais D H or P Xsis For P, Xsis Dor P, XeisDor P, Xyis A or
PXeisD, N, or P Xois AN, or P, Xppis D, Hor 5, Xuuis H, P,or Y, and X2 is N, P, or Y.
[8403] In some embodiments, the masked, multispecific and/or activatable astibody comprises a
MM comprising an argino acid sequence according to Formula (XI):

ESX IXoUaXuDPFXsCQX (SEQ 1D NG: 670), wherein X1 isDor E, X s A, F, V, or Y, Xais
DorE, XsisAor L, Xsis DorE, and Xs1s A, F, or Y. In some embodiments, the masked,
multispecific and/or activatable antibody corprises a MM comprising an amino acid sequence
according to Formula (XII): X XoXaXaXsXsCXPGDPYECKoX o (SEQ ID NO: 671), wherein
XKiis A H, or S, X0is A, D, or 8, X318 A, T,or V, Xy is P S, or T, Xs s Dor B, Xsis Aor V, X
sDorE XgisAork, Xois Q, S, or T, and Xiois A, H, or V. In some embodiments, the
masked, multispecific and/or activatable antibody comprises a MM comprising an amino acid
sequence according to Formmla (XU YNSDDDCX(SXYDPYTCYY (SEQ ID NO: 672),
wherein X1 is A, L or V, and Xy is Hor R,

[8486] In some embodiments, the masked, multispecific and/or activatable antibody comprises a
MM comprising the amino acid sequence of SEQ ID NO: 417, In some embodiments, the
masked, multispecific and/or activatable antibody comprises a MM comprising the amino acid
sequence of SEQ 1D NQ: 35.

[84677 In some embodiments, the masked, multispecific and/or activatable antibody comprises a
masking moiety comprising an amino acid sequence selected from the group consisting of SEQ
1D NQOs: 36, 419, 432-476, and 491-5135. In some embodiments, the masked, multispecific and/or

activatable antibody comprises a MM comprising the amino acid sequence of SEQ ID NG: 36, In
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some embodiments, the multispecific and/or activatable antibody comprises a MM comprising
the amino acid sequence of SEQ ID NG: 419,

[6488] In some embodiments, the masked, multispecific and/or activatable antibody comprises a
first masking moiety comprising the amino acid sequence of SEQ ID NO: 35 0r417,and a
second masking moiety comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 36 or 419, 432-476, and 491-515. In some embodiments, the masked,
multispecific and/or activatable antibody comprises a first MM comprising the anino acid
sequence of SEQ ID NO: 35, and a second MM comprising the amino acid sequence of SEQ 1D
NO: 36, In some embodiments, the masked, multispecific and/or activatable antibody comprises
a first MM comprising the amino acid sequence of SEQ ID NO: 417, and a second MM

comprising the ammo acid sequence of SEQ 1D NG: 419

TABLE B. Masking Moieties.

Masking

SEQIDNO | o

Sequence

PYDDPDCPSHX,SDCDX,
668 CD3IMM | X,:DE
X, NQ

KXoXDXXsUXe XD XXX 0CK 11 X2
Xi:AD
X ADP
X DHP
X4 FP
Xs:DP
669 CD3MM [ Xs:DP
X7 AP
Xs:DNP
Xo  ANP
Xw DHS
Xu: HPY
X NPY

ESXIXCXXDPFXSC0OX,
Xy BDE

X AFVY

670 HERZMM | X;:DE

X3 AL

Xs5:DE

Xs:AFY

KX KXy Ks X UK XeDPYECX X
671 HER2ZMM | X, AHS
X> CADS
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X3 ATV

X PST

Xs:DE

XKs  AY

X DE

Kg: AL

Xo: QST

Ko AHVY

YNSBDDCXSXoYDPYTCYY
672 HERZMM | X1 ATV

X HR
35 CDh3 MM EVGSYPYDDPDCPSHDSDCDN
419 HERZ MM | ESDACDADPFDCGA
417 CD3 MM EVGSYPYDDPDCPSHESDCDG
585 CD3 MM EVGSYYDNYNDCDNYDDBDCOYY
586 CD3 MM EVGSYNADYHGQCSDVPTDCLD
587 Ch3 MM EVGSYDSYDYNCYHDHHTCHD
588 CD3 MM EVGSYAYHDDDCPDDDYDCAS
597 D3 MM EVGSYDDPDFPCDPDDADCPN
508 CD3 MM EVGSYAPHDPDCPADPPSCYP
599 D3 MM EVGSYDADDPDCPADNNHCHY

[8409] In some embodiments, the masking peptide (MM) interferes with, obstructs, reduces the
ability of, prevents, inhibits, or competes with the corresponding target binding moiety for
binding to its target (e.g., an "inactive activatable antibody). In some embodiments, the masking
peptide (MM} interferes with, obstructs, reduces, prevents, inhibits, or competes with the target
binding moiety for binding to s target only when the antibody has not been activated {e.g.,
activated by a change in pH (increased or decreased), activated by a temperature shift (increased
or decreased), activated after being contacted with a second molecule (such as a small molecule
or a protein ligand), etc.). In some embodiments, activation induces cleavage of the cleavable
motety. In some embodiments, activation induces conformation changes in the polypeptide(s)
(e.g., displacement of the MM}, leading to the MM no longer preventing the activatable antibody
from binding to its target. In some embodiments, the MM interferes with, obstructs, reduces the

ability of, prevents, mhibits, or competes with the target binding motety for binding to its target
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only when the cleavable moiety (CM]} has not been cleaved by one or more proteases that cleave
within the cleavable moiety (CM). In some embodiments, the MM has a masking efticiency of at
least 2.0 (e.g., at least 2.0, at least 3.0, at least 4.0, at least 5.0, at least 6.0, at least 7.0, at least
8.0, at least 9.0, at least 10, at least 25, at least 50, at least 75, at least 100, at least 150, at least
200, at ieast 300, at least 400, at least 500, at least 600, at least 700, at least 800, at least 900, at
least 1000, at least 1500, at least 2000, at least 2500, at least 3000, at least 4000, at least S000,
etc.) prior to activation. In some embodiments, masking efficiency 1s measured as the difference
in affinity of an activatable antibody comprising the MM for binding its target (before activation)
relative to the affinity of a polypeptide lacking the MM for binding its target {e.g., the difference
in affinity for a target antigen (such as CD3 or HER2) of an activatable antibody comprising a
MM (before activation) relative to a parental antibody lacking the MM, or the difference in
affinty for a target antigen (such as CD3 or HER2) of an activatable antibody comprising a MM
{before activation) relative to the affuuty for the target antigen of the activatable antibody after
activation). In some embodiments, the masking efficiency is measured by dividing the ECS0 for
binding of an activatable antibody comprising a MM (before activation) by the ECS0 of the
parental antibody (e.g., by measuring EC50 by ELISA}. In some embodiments, masking
efficiency 1s measured as the difference 10 affinity of an activatable antibody comprising the MM
for binding 1ts target before activation relative to the affinity of the activatable antibody
comprising the MM for binding its target after activation {e.g., the difference in affinity fora
target antigen {such as CD3 or HERZ) of an activatable antibody before activation relative to the
activatable antibody after activation). In some embodiments, the MM binds the target binding
motety (TBM), and prevents the activatable antibody from binding to its target {e.g., an
"inactive” activatable antibody). In some embodiments, the MM has a dissociation constant for
binding to the target binding moiety (TBM) that is greater than the dissociation constant of the
target binding moiety (TBM]} for its target. Dissociation constants can be measured, e.g., by
techniques such as ELISA, surface plasmon resonance or Bio-Layer Interferometry (BLI), or
flow cytometry.

(84187 In some embodiments, the MM does not interfere with, obstruct, reduce the ability of,
prevent, inhibit, or compete with the target binding moiety (YBM) for binding to its target after
the polypeptide has heen activated {e.g., activated by treatment with one or more proteases that

cleave within the cleavable moiety (CM), activated by a change in pH (increased or decreased),
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activated by a temperature shift (increased or decreased), activated after being contacted with a
second molecule (such as an enzyme}, etc.}. In some embodiments, the MM does not interfere
with, obstruct, reduce the ability of, prevent, inhibit, or compete with the target binding motety
(TBM) for binding to its target after the cleavable motety (CM) has been cleaved by one or more
proteases that cleave within the cleavable moiety (CM). In some embodiments, the MM has a
masking efficiency of at most about 1.75 {e.g., at most about 1.75, at most about 1.5, at most
about 1.4, at most about 1.3, at most about 1.2, at most about 1.1, at most about 1.0, at most
about 0.9, at most about 0.8, at most about 0.7, at most about 0.6, or at most about 0.5, etc ) after
activation {e.g., the relative affinity of the activatable antibody after activation as compared to
the affinity of a parental antibody).

(64117 In some embodiments, any of the MMs described herein may further comprise one or
more additional amino acid sequences {e.g., one or more polypeptide tags). Examples of suitable
additional amino acid sequence may include, without imitation, purification tags (such as his-
tags, flag-tags, maltose binding protein and glutathione-S-transferase tags), detection tags (such
as tags that may be detected photometrically {e.g., red or green fluorescent protein, etc.}), tags
that have a detectable enzymatic activity (e.g., alkaline phosphatase, etc.), tags containing
secretory sequences, leader sequences, and/or stabilizing sequences, protease cleavage sites (e.g.,
furin cleavage sites, TEV cleavage sites, Thrombin cleavage sites), and the like. In some
embodiments, the one or more additional amino acid sequences are at the N-terminus of the MM,
G. Cleavable Moiety (CM)

[6412] The activatable antibodies (e.g., activatable multispecific antibodies, activatable anti-CD3
antibodies, and activatable anti-HERZ antibodies} comprises one or more CMs, each of which 1s
disposed between a MM and a TBM.

[8413] In some embodiments, the CM comprises at least a first cleavage site (C81} {e.g., a first
protease cleavage site). In some embodiments, the first cleavage site is a first protease cleavage
site. Any suitable protease cleavage site recognized and/or cleaved by any protease(e.g., a
protease that is known to be co-localized with a target of a polypeptide comprising the CM}
known in the art may be used, including, for example, a protease cleavage site recognized and/or
cleaved by urokinase-type plasminogen activator (uPA); matrix metalloproteinases {e.g., MMP-
1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13, MMP-
14, MMP-15, MMP-16, MMP-17, MMP-19, MMP-20, MMP-23, MMP-24, MMP-26, and/or
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MMP-27}; Tobacco Etch Virus {TEV) protease; plasmin; Thrombin; PSA; PSMA;
ADAMS/ADAMTS (e.g., ADAM 8, ADAM 9, ADAMIO, ADAM1Z, ADAMIS,
ADAMIUY/TACE, ADAMDECIT ADAMTSE ADAMTS4, and/or ADAMTSS); caspases {e.g,,
Caspase-1, Caspase-2, Caspase-3, Caspase-4, Caspase-53, Caspase-0, Caspase-7, (Caspase-8,
Caspase-9, Caspase-10, Caspase-11, Caspase-12, Caspase-13, and/or Caspase-14); aspartate
proteases {e.g., RACE and/or Renin); aspartic cathepsins {e.g., Cathepsin D and/or Cathepsin E});
cysteine cathepsins (e.g., Cathepsin B, Cathepsin C, Cathepsin K, Cathepsin L, Cathepsin S,
Cathepsin V/L.2, and/or Cathepsin X/Z/P}; cysteine proteinases {e.g., Cruzipain, Legumain,
and/or Otubain-2}; KLKs {e.g, KLK4, KLK5, KLEK6, KLK7, KLE8, KLKI10, KLK11, KLK13,
and/or KLK14); metallo proteainases (e.g., Meprin, Neprilysin, PSMA, and/or BMP-1); serine
proteases {e.g., activated protein C, Cathepsin A, Cathepsin G, Chymase, and/or coagulation
factor proteases {such as FVIa, FIXa, FXa, FXla, FX1a)); elastase; granzyme B;
gsuanidinobenzoatase;, HirAl; human neutrophil elastase; lactoferrin; marapsin; N83/4A; PACE4,
tPA; tryptase; type 1 transmembrane serine proteases {TTSPs) (e.g., BESC1, DPP-4, FAP,
Hepsin, Matriptase-2, MT-SP1/Matriptase, TMPRSSZ, TMPRSS3 and/or TMPRSS4); ete. In
some embodiments, the first protease cleavage site 1s a cleavage site for a protease selected from
uPA, MMP-1, MMP-2, MMP-3, MMP-8, MMP-9, MMP-14, TEV protease, plasmin, Thrombin,
Factor X, PSA, PSMA, Cathepsin I, Cathepsin K, Cathepsin S, ADAMIC0, ADAM12,
ADAMTS, Caspase-1, Caspase-2, Caspase-3, Caspase-4, Caspase-5, Caspase-6, Caspase-7,
Caspase-8, Caspase-9, Caspase-10, Caspase-11, Caspase-12, Caspase-13, Caspase-14, and
TACE. In some embodiments, the first protease cleavage site 1s a cleavage site for a protease
selected from uPA, MMP-2, MMP-9, and/or TEV protease. In some embodiments, the protease
cleavage comprises an aming acid sequence selected from SGRSA (SEQ 1D NO: 127), PLGLAG
(SEQ ID NO: 128), and ENLYFQG (SEQ 1D NO: 129}

[8#414] In some embodiments, the cleavable moiety (CM) further comprises at least a second
cleavage site {e.g., at least a second, at least a third, at least a fourth, at least a fifth, etc.). In some
embodiments, the cleavable motety (CM) further comprises a second cleavage site {(S2). In
some embodiments, the second cleavage site is a second protease cleavage site. The second
protease cleavage site may be any suitable protease cleavage site recognized and/or cleaved by
any of the proteases described above. In some embodiments, the first (CS1) and second (CS2)

cleavage sites are protease cleavage sites recognized and/or cleaved by the same protease. In
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some embodiments, the first (CS1) and second (C52) cleavage sites are protease cleavage sites
recognmized and/or cleaved by different proteases (e.g., the first protease cleavage site is
recognized and/or cleaved by uPA, and the second protease cleavage site is recognized and/or
cleaved by MMP-2; the first protease cleavage site is recognized and/or cleaved by uPA, and the
second protease cleavage site is recognmzed and/or cleaved by MMP-9; the first protease
cleavage site is recognized and/or cleaved by uPA, and the second protease cleavage site is
recognized and/or cleaved by TEV protease; etc.). In some embodiments, the at least second
cleavage site {CS2) 1s C-terminal to the first linker (I.1). In some emboduments, the cleavable
moiety (CM) comprises a structure, from N-ternunus to C-terminus, of: (C81)-L1-(C82).

[8415] In some embodiments, the cleavable moiety (CM) further comprises at least a second
linker {e.g., at least a second, at least a third, at least a fourth, at least a fifth, etc.). In some
embodiments, the cleavable motety (CM) further comprises a second hnker (1.2). The second
linker (1.2) may be any suitable hinker described above. In some embodiments, the first (I.1) and
second (1.2} linkers are the same. In some embodiments, the first (1.1} and second (L.2) hinkers
are different. In some embodiments, the at least second linker (1.2} 1s C-terminal to the second
cleavage site (CS2). In some embodiments, the cleavable moiety ({CM) comprises a structure,
from N-termunus to C-terminus, of: (C81)-L1-(CS82)-L2.

[3416] Exemplary cleavable moieties are shown in Tables 134, 18-22 and 40. In some
embodiments, the cleavable moiety comprises an amino acid sequence selected from the group
consisting of SEQ 1D NQs: 77, 127-129, 418, 420, 431 and 477-490, and 516-555. In some
embodiments, the cleavable moiety comprises the amino acid sequence of SEQ 1D NO: 418, In
some embodiments, the cleavable moiety comprises the amino acid sequence of SEQ 1D NO: 77
In some embodiments, the cleavable moiety comprises the amino acid sequence of SEQ 1D NO:
420.

H. Target binding moieiy (TEM)

(84177 The antibodies {e.g., masked antibodies, multispecific antibodies, activatable
multispecific antibodies, activatable anti-CD3 antibodies, and activatable anti-HER2 antibodies)
described herein comprises one or more target binding moieties (TBM), such as a CD3-binding
motety, a HER2-binding motety, a CD20-binding moiety, and a TROP2-binding moiety. In some
embodiments, the TBM comprises an antibody light chain variable region (VL) and/or an

antihody heavy chain variable region (VH}. In some embodiments, the TBM comprises a VL. In
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some embodiments, the TBM comprises a VH. In some embodiments, a TBM comprises a VL
and/or a VH specificity for any target of interest, including, for example, CD3, CD19, CD20,
EpCAM, CEA, PSMA, CD33, EGFR, HERZ, EphA2, MCSP, ADAM17, PSCA, 17-Al,
NKG2ZD, TROPZ, CD798B, Nectin-4, BCMA, CD22, CD3¢, EGFR, GD2, SLAMF7, CD30,
EpCAM, MUCE, MUCTS, CD123,CD37, FOLRI, MET, FLT3, GPC3, CEACAMS, CLDNI1§,
(CSF1, Integrin alpha 5, NCAMI, PTPRC, CD138, NaPi2b, MSLN, DLL3, GPRCS3D, GPNMB,
ICAMIL, SS§TR2, carcinoma associated antigen CTAALG, CA9, ENG, ACVRLI, CD80, CSPG4,
EGFL7, FLT1, HAVCRI1, HGF, HLA-DRB, IGFIR, TPBG, ERBB3, and STEAPZ. In some
embodiments, the TBM 1s an antigen-binding fragment,

[6418] In some embodiments, the TBM i3 a scFv comprising from the N-terminus to the C-
terminus: VL-L1-VH, wherein L} is a peptide linker. In some embodiments, the TBM is a seFv
comprising from the N-terminus to the C-erminus: VH-L1-VL, wherein L1 is a peptide hinker,
In some embodiment, L1 comprises the amine acid sequence of SEQ ID NGO 82 In some
embodiments, the TBM 1s a scFv comprising an engineered disuifide bond between VH and VL,
such as between {44 of VH and C100 of VL., wherein the numbering is based on Kabat
numbering. In some embodiments, the scFv comprises a first cysteine residue at position 44 in
the VH and a second cysteine residue at position 100 in the VL, wherein the first cysteine residue
and the second cysteine residue form a disulfide bond, and wherein the numbering s based on
Kabat numbering,

[841%] In some embodiments, the TBM comprises a full-length antibody light chain and/or a
full-fength antibody heavy cham. The antibody light chain may be a kappa or lambda light chain.
The antibody heavy chain may be in any class, such as IgG, IgM, IgE, IgA, or IgD. In some
embodiments, the antibody heavy chain 1s in the IgG class, such as 1gGl) 1662, 1gG3, or 2G4
subclass. An antibody heavy chain described herein may be converied from one class or subclass
to another class or subclass using methods known in the art.

(84287 In some embodiments, the TBM specifically binds a cell surface antigen. In some
embodiments, the cell surface antigen is an antigen on immune effector cells, such as T cells
(e.g., helper T cells, eytotoxic T cells, memory T cells, efc.), B cells, macrophages, and Natural
Killer (NK) cells. In some embodiments, the cell surface antigen i1s a T cell surface antigen, such

as CD3.
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(84217 In some embodiments, the cell surface antigen is a tumor antigen. Tumor antigens are
proteins that are produced by tumor cells that can elicit an immune response, particularly T-cell
mediated immune responses. In some embodiments, the tumor antigen is a tumor-specific
antigen (TSA) or a tumor-associated antigen (TAA). A TSA is unique to tumor cells and does not
occur on other cells n the body. A TAA associated antigen is not unigue to a tumor cell, and
mstead s also expressed on a normal cell under conditions that fail to induce a state of
immunologic tolerance to the antigen. The expression of the antigen on the tumor may occur
under conditions that enable the immune system to respond to the antigen. TAAs may be
antigens that are expressed on normal cells during fetal development, when the immune system
is immature, and unable to respond or they may be antigens that are normally present at
extremely low levels on normal cells, but which are expressed at rouch higher levels on tumor
cells.
[8422] Non-lhimiting examples of TSA or TAA antigens include the following: Differentiation
antigens such as MART-1/Melan A (MART-I}, gp 100 (Pmel 17), tyrosinase, TRP-1, TRP-2 and
tumor-specific multilineage antigens such as MAGE-1, MAGE-3, BAGE, GAGE-1, GAGE-2,
pl3; overexpressed embryonic antigens such as CEA; overexpressed oncogenes and mutated
tumor-suppressor genes such as pS3, Ras, HER2/neu; unigue tumor antigens resulting from
chromosomal translocations; such as BCR-ABL, EZA-PRL, H4-RET, IGH-IGK, MYL-RAR;
and viral antigens, such as the Epstein Barr virus antigens EBVA and the human papillomavirus
(HPV} antigens E6 and E7. Other large, protein-based antigens inciude TSP-180, MAGE-4,
MAGE-5, MAGE-6, RAGE, NY-ESO, pl85erbB2, pl80erbB-3, c-met, nm-23HI, PSA, TAG-72,
CA19-9 CA72-4, CAM 17.1, NuMa, K-ras, beta-Catenin, CDK4, Mum-1, p 15, p 16, 43-0F,
5T4, 791 Tegp72, alpha-fetoprotein, beta-HCG, BCA225, BTAA, CA 125, CA15-3\CA
729BCAA, CA 195, CA 242, CA-50, CAMA43, CD68\P1, CO-029, FGF-5, (3259,
Ga733\EpCAM, HTgp-175, M344, MA-30, MG7-Ag, MOV18, NB/70K, NY-CO- 1, RCAS 1,
SPCCAG16, TA-90\Mac-2 binding protein\cyclophilin C-associated protein, TAALS, TAGT2,
TLP, and TPS.
[8423] The activatable antibodies described herein may comprise TBMs derived from any
suitable antibodies targeting antigens of interest. Table C below shows antibody CDRs, VH, VL,

scHv sequences of exemplary TBMs described herein.
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TABLE C. Exemplary antibody sequences

SEQ
ib Antibody sequence | Amino acid sequence {(underlined are CDR sequences)
MO
61 CD3 CDR-H1 FTFNTYAMN
62 CD3 CDR-H2 GRIRSKYNNYATYYADSVKG
63 CD3 CDR-H3 HGNFGNSYVSWFAY
64 CD3 CDR-L1 OSSTGAVTTSNYAN
65 CD3 CDR-1.2 GTNERAP
66 CD3 CDR-L3 WYSNLWY
EVOLVESGGGLVQPGGSLRLSCAASGFTENTYAMNWVROA
67 CD3VH PGKG'E_.EWV GRIRSiK YNNYATYYVADSVEGRFTI SRDD SKNTLY
T LOMNSLRAEDTAVYYCVRHGNFGNSYVESWFAYWGOGTLVT
V8§
QAVVTQEPSLTVSPGGTIVTLICGSSIGAVT TSN YANW VQUKP
68 CD3 VL GQAPRGLIGGTNEKRAPGVPARFSGSLLGGKAALTLEGAQPED
EAEYYCALWYSNIWVFGGGTKLITVL
69 HER2 CDR-HI FNIKDTYIH
70 HERZ2 CDR-H2 ARIYPTNGYTRYADSVKG
71 HER2 CDR-H3 WGGDGFYAMDY
72 HERZ CDR-L1 RASQDVNTAVA
73 HERZ CDR-1.2 SASFLYS
74 HER2 CDR-L3 QOHYTTPPT
EVQLVESGGGLVOQPGGSLRLSCAASGENIKDTVIHWVROAP
75 HER2ZVH GKGLEWVARIYVPTNGYTRYADSVEGRFTISADTSKNTAYLGQ
MNSLRAEDTAVYYCSRIWGGDGEF YAMDYWGQGTLVTVSS
DIOMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQOKPG
76 HERZ VL KAPKLLIVSASFI YSGVPSRFSGSRSGTDFTLTISSLOPEDFAT
YYCQOHYTTPPTFGOGTRVEIKR
QAVVTQEPSLTVSPGGTVTLICGSSTGAVITSNYANWYQQK
PGOAPRGLIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPE
DEAEYYCALWYSNLWVFGGGTKLTVLRGGGGSGGGGSGG
79 anti-CD3 scFv GGSGGGGSEVQLVESGGGLYQPGGSLRLSCAASGEFTEFNTYA
MNWVRQAPGKGLEWVGRIRSKYNNYATYYADSVEKGRFETIS
RDDSKNTLYLOQMNSLRAEDTAVYYCVRHGNFGNSYVSWFA
YWGOQGTLVTVSS
EVQLVESGGGLVQPGGSLRLSCAASGYSISSGYHWSWIRQAP
GRGLEWLARIDWDDDKYYSTSLKSRLTISRDNSKNTLYLGL
23 Anti-CTLA4 scFv NSLRAEDTAVYYCARSYVYFDYWGOQGTLVTVSSGGGGEGE
i T GGRGGGGSGGGGSDIQLTOSPSSLSASVGDRVTITCRASQSY
ROGRFLAWYQOKPGRAPKLLIYDASNRATGIPSRFSGSGSGTD
FTLTISSLOPEDFATYYCQQSSSWPPTFGOGTKVEIKR
556 | Anti-CD20 CDR-HI | SYNMH
557 | Anu-CD20 CDR-H2 | AIYPGSGDTSYNQOKFKG
558 | Anti-CD20 CDR-H3 | STYYGGDWYFNY

>
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559 | Anu-CD20 CDR-L1 | RASSSVSYIH

560 | Anti-CD20 CDR-L2 | ATSNLAS

561 | Aoti-CD20 CDR-L3 | QUWTSNPPT

EVOLVQOSGAEVEKKPGSSVEVSCKASGYTFTISYNMHEWVRQA
562 | Anti-CD20 VH PGKGLEWIGAI YPGSGDTSYNOKFKGRVTITADKSTSTAYME
LSSERSEDTAVYYCARSTYYGGDWYFNVYWGOQGTLVTVSS

QIVLSQSPAILSASPGERVTMTURASSYVSYIHWEFQQKPGKSP
563 | Anti-CD20 VL KPWIYATSNLASGVPVRESGSGSGTISYSLTISRVEAEDAATYY
COOWISNPPTEFGGGTRVEIK

[8424] In some embodiments, the TBM is an anti-CD3 antibody or antigen-binding fragment
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chamn (such as 1gGl, 1gG2, 1gG4).
Any of the known anti-CD3 antibodies may be used in the present invention, inclading but not
fimited to, the Cris-7 monoclonal antibody (Reinherz, E. L. ef a/. {eds.), Leukocyte typing 11,
Springer Verlag, New York, (1986)), BC3 monoclonal antibody ( Anasetit ef of. (1990) J Exp.
Med. 172:1691}, OKT3 {Ortho multicenter Transplant Study Group (1985} N. £ngl. J. Med.
313:337) and derivatives thereof such as OKT3 ala-ala (Herold er af. (2003} J. Clin. Invest.
11:409}, visilizumab (Carpenter er al. (2002) Blood 99:2712), and 145-2C11 monoclonal
antibody (Hirsch er al. (1988} J. Immunol. 140: 3766}, Otelixizumab and Foralumab. Further
D3 binding molecules contemplated herein include UCHT-1 (Beverley, P C and Callard, R. E.
(1981} fur J. Immumol. 11: 329-334, SP34 (Silvana er. al. (1985) The EMBO Journal 4:337-
344) and CD3 binding molecules described in W0O2004/106380; W0O2010/037838;
WO2008/119567, WO2007/042261; WO2010/01 50918, WO2018/052503; W(02016/204966.
Additional anti-CD3 antibodies are described in section 1} “Anti-CD3 antibody” below.

[6425] In some embodiments, the TBM comprises a VH comprising an CDR-H1 comprising the
amine acid sequence of SEQ ID NO: 61, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO: 62, and/or a CDR-H3 comprising the amino acid sequence of SEQ ID NG: 63, In some
embodiments, the TBM comprises a VL comprising a CDR-L1 comprising the amino acid
sequence of SEQ 1D NG: 64, a CDR-L2 comprising the amimno acid sequence of SEQ ID NO: 65,
and/or a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 66. In some
embodiments, the TBM comprises a VH comprising the amino acid sequence of SEQ D NO: 67.
In some embodiments, the TBM comprises a VL comprising the amino acid sequence of SEQ ID
NO: 68. In some embodiments, the TBM comprises a scFv comprising the amino acid sequence

of SEQ 1D NG: 79.

i59



WO 2022/171192 PCT/CN2022/076000

[8426] In some embodiments, the TBM is an anti-HERZ antibody or antigen-binding fragment
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chain (such as 1gGl, 1gG2, 1gG4).
Any of the known anti-HERZ2 antibodies may be used in the present invention, including but not
limited to, trastuzumab (HERCEPTIN®) (1998, Cancer Res 58 (13):2825-2831), MDXH210
(Schwaab er al., 2001, Journal of Immunotherapy, 24(1).79-87), disitamab (Toxicol Leit. 2019
S0378-4274(19)30421-7), and pertuzumab (Agus DB, Gordon MS, Tavlor C, ef al. J Clin Oncol.
2005; 23(11):2534-2543). In some embodiments, the TBM 1s derived from trastuzumab or a
biosimilar thereof.

[8427] In some embodiments, the TBM comprises a VH comprising an CDR-H1 comprising the
amine acid sequence of SEQ ID NO: 69, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO: 70, and/or a CDR-H3 comprising the amine acid sequence of SEQ ID NO: 71, In some
embodiments, the TBM comprises a VL comprising a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 72, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 73,
and/or a CDR-L3 comprising the amino acid sequence of SEQ ID NG: 74, In some
embodiments, the TBM comprises a VH comprising the amino acid sequence of SEQ ID NG: 75
In some embodiments, the TBM comprises a VL. comprising the amino acid sequence of SEQ ID
NQG: 76.

[8428] In some embodiments, the TBM 1s an anti-CD20 antibody or antigen-binding fragment
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chain (such as IgGl, 1gG2, 1gG4).
Any of the known anti-CD20 antibodies may be used in the present invention, including but not
himited to, rituximab, ocrelizumab, obinutuzumab, ofatumumab, tositumomab, ublituximab, B-
Lyl, 1188, ATS0, Hi47, 2C6, 2F2, 2H7 and GA101, biosimilars thereof, and derivatives thereof
In some embodiments, the anti-CD20 antibody is a type I anti-CD20 antibody. In some
embodiments, the anti-CD20 antibody 15 a type I anti-CD20 antibody. Anti-CD20 antibodies
have been described, for example, in U.8. Pat. No. 7,879,984, W(2005/044859,
W{2004/035607, W(2005/103081, W(2004/056312, WG2007/031875, and W(O2015/095410.
The teachings of each of the aforementioned publications are hereby incorporated by reference.
In some embodiments, the TBM 1s derived from rituximab or a biosimilar thereof

[8429] In some embodiments, the TBM comprises a VH comprising an CDR-H1 comprising the
amino acid sequence of SEQ [D NO: 556, a CDR-H2 comprising the amino acid sequence of

SEQ 1D NO: 557, and a CDR-H3 comprising the anino acid sequence of SEQ 1D NO: 558;
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and/or a VL comprising a COR-L1 comprising the amino acid sequence of SEQ I NO: 559, 2
CDR-LZ comprising the amino acid sequence of SEQ 1D NO: 560, and a CDR-L3 comprising
the amino acid sequence of SEQ 1D NO: 561. In some embodiments, the TBM comprises a VH
comprising the amino acid sequence of SEQ 1D NG: 562 and/or a VL comprising the amino acid
sequence of SEQ ID NO: 563,

[8436] In some embodiments, the TBM is an anti-TROP2 antibody or antigen-binding fragment
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chain (such as IgGl, 1gG2, 1gG4).
Any of the known anti-TROPZ antibodies may be used 1n the present invention, including, but
not himited to, Datopotamab (Daiichi Sankyo Inc.), GA733, hRS7, BR110, IDAC Accession No.
141205-03, biosimilars thereof, and derivatives thereof. Anti-TROP2 antibodies have been
described, for example, in U.S. Patent No. 6,653,104, U.S. Patent No. 5,840,854, U.S. Pat. No.
7,420,040, U S, Pat. No. 7,420,041, and U.S. Patent No. 9,670,287

[6431] In some embodiments, the TBM is an anti-BCMA antibody or antigen-binding fragment
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chain (such as [gGl, [gG2, IgG4).
Auny of the known anti-BCMA antibodies may be used in the present invention, including, but
not limited to, belantamab mafodotin (GSK2857916), MEDI2228, CC-99712, 4CEA, the anti-
BCMA regions of teclistamab, pavuratamab, pacanalotama, and balnuctamab, biosimilars
thereof, and derivatives thereof. Anti-BCMA antibodies have been described, for example, in
Interpational Pablcation Nos. WO2001024811A 1, WO2002066516A2, WO2010104949A2,
U.8. Pat No. 7,083,785 and Gras, M.P. er al. Int Inmunol. 1995 Jul;7(7):1093-106).

[¢432] In some embodiments, the TBM is an anti-CD19 antibody or antigen-binding fragment
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chain (such as IgGl, 1gG2, 1gG4).
Any of the known anti-CD19 antibodies may be used in the present invention, including, but not
limited to, SAR3419, huBU12, loncastuximab, obexelimab, tafasitamab, taplitumomab, FM{C63,
SGN-19A, MDX-1342, SJ25C1, HD37, inebilizumab, GBR 401, B43, the anti-CD19 region of
duvortuxizumab, biosimilars thereof, and derivatives thereof. Anti-CD19 antibodies have been
described, for example, in U.S. Pat. No. 9,605,071, and International Publication Nos.
WO2011/147834A1 and WOZ017055328A1.

[8433] The term “CD3” is known in the art as a multi-protein complex of six chains (see, Abbas
and Lichtman, 2003; Janeway ef al., p172 and 178, 1999). In mammals, the complex comprises a

CD3 gamma chain, a CD3 delta chain, two CD3 epsilon chains, and a homodimer of D3 zeta
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chaing. The CD3 gamma, CD3 delta, and CD3 epsilon chains are highly related cell surface
proteins of the immunocglobulin superfamily containing a single immunoglobulin domain. The
transmembrane regions of the C3 gamma, CD3 delta, and CD3 epsilon chains are negatively
charged, which 1s a characteristic that allows these chains to associate with the positively charged
T cell receptor chains. The intraceliular tails of the CD3 gamma, CD3 delta, and CD3 epsilon
chains each contain a single conserved motif known as an immunoreceptor tyrosine-based
activation motif or [TAM, whereas each CD3 zeta chain has three. Without being bound by
theory, it is belhieved the ITAMs are important for the signaling capacity of a TCR complex. CD3
as used herein may be from various animal species, inchuding human, primate, mouse, rat, or
other maminals. For example, CD3 as used herein includes human CD3e (i.e., CD3 epsilon; e.g.,
UniProt accession number PO7766), as well as varants, 1soforms, and species homologs thereof
(e.g., mouse CD3e (e.g., UniProt accession number P22646), rat CD3e (e.g., UniProt accession
number AOAOGZK986), dog CD3e (e.g., UniProt accession number P27597), and cynomolgus
monkey CD3e (e.g., UniProt accesston nurmber Q95LIS5)).

[€434] The term “HER2” as used in the present application includes human HER2 (e.g., UniProt
accession number P04626), as well as variants, isoforms, and species homologs thereof {e.g.,
mouse HERZ (UniProt accession number P70424), rat HER2 (UniProt accession number
P06494), dog HERZ, and cynomolgus monkey HER2}. HERZ 15 also known as ERBB2.

[€435] The term “CD20” as used in the present application includes human CD20 {e.g., UniProt
accession number P11836), as well as variants, isoforms, and species homologs thereof (e.g.,
mouse CD20 (e.g., UniProt accession number P19437), rat CD20, dog CD20, and cynomolgus
monkey CD20). D20 is also known as MS4A1.

[#436] The term “TROPZ” as used in the present application includes human TROP2 (e.g.,
UniProt accession number PO9758}, as well as variants, 1soforms, and species homologs thereof
{e.g., mouse TROP2 {e.g., UniProt accession number Q8BGV3), rat TROP2 {e.g., UniProt
accession number Q6P976), dog TROPZ, and cynomolgus monkey TROP2 {e.g., UniProt
accession number AGAZKSUET71)). TROPZ 15 a transmembrane glycoprotein that transduces an
miracellular calcium signal and acts as a cell surface receptor, and the upregulation of TROP2 is
associated with cancer {see Zaman, 8., er al., Onco Targets Ther. 2019; 12: 1781-1790;
Goldenberg, D M. et al., Oncorarget. 2018 Jun 22; 9(48): 28989-29006). TROP2 is variously

referred to as trophoblast cell-surface antigen 2 (TROP2), tumor associated calcium signal
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transducer 2, {TACSTD2), eptihelial glycoprotein-1 (EGP1), GPS0, membrane component
surface marker-1 (M181), and gastrointestinal antigen 733-1 (GA7331).

[8437] The term “BCMA” as used in the present application includes human BCMA (e.g.,
UniProt accession number Q02223), as well as variants, isoforms, and species homologs thereof
(e.g., mouse BCMA {e.g., UniProt accession number O88472), rat BCMA, dog BCMA, and
cynomolgus monkey BCMA). BCMA is a cell surface receptor of the TNF receptor superfamily
which recognizes B-cell activating factor (BAFF). BCMA is variously referred to as B-cell
maturation antigen, BCM, tumor necrosis factor receptor superfamily member 17, TNFRSF17,
CD269, and TNFRSFI13A.

[6438] The term “CD19” as used in the present application includes hurnan CD19 (e.g., UniProt
accession number P153391), as well as variants, isoforms, and species homologs thereof {e.g.,
mouse CD19 (e.g., UniProt accession number P25918), rat CD19 (e.g., UniProt accession
number FILNH2), dog CD19 (e.z., UniProt accession number FIPJI6), and cynomolgus monkey
CDI19 (e.g., Uniprot accession nurnber AGAZKSWELY). CD19 is a B-lymphocyte antigen that is
variously referred to as Cluster of Differentiation 19, B-Lymphocyte Surface Antigen B4, T-Cell
Surface Antigen Leu-12, and CVID3.

[€43%] The TBMs described herein may bind a human target (e.g., CD3, CD20, HERZ TROPZ,
BCMA, or CD19). In some cases, 3 TBM may be completely specific for the human target and
may not exhibit species or other types of cross-reactivity. In other cases, a TBM also binds
targets from species other than human. In some embodiments, the TBM 1s cross-reactive with the
target molecule from at least one non-human species selected from the group consisting of

cynomelgus monkey, mouse, rat and dog.

i) Anti-CD3 antibody
[644¢] Also provided herein are 1solated antibodies or antigen-binding fragments thereof that

spectfically bind to CD3 {e.g,, human CI33). The anti-CD3 antibodies described herein may be
used as in any one of the masked anti-CD3 antibodies, multispecific anti-CD3 antibodies,
activatable anti-CD3 antibodies, and activatable multispecific T-cell engagers described herein.
[8441] In some embodiments, there is provided an isolated anti-CD3 antibody or antigen-binding
fragment thereof comprising a) a VH comprising a CDR-H1 comprising the amino acid sequence
according to Formula (I): X0 YAXGX3 (SEQ 1D NO: 382), wherein Xi is D, S, 0r T, X2 is L L, or

M, and Xz is N or T, or a variant thereof comprising up to about 3 amino acid substitutions, a
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CDR-HZ comprising the amino acid sequence according to Formula (II):
RIRSKYNNYATYYAX X VKX (SEQ 1D NO: 383), wherein Xais DorE, Xois S or T, and
X318 D, G, or 8, or a variant thereof comprising up to about 3 (5 (such as about any of [, 2, or 3}
amino acid substitutions, and a CDR-H3 comprising the amino acid sequence according to
Formula (1) HGNX(GXoSYVEXGXGAY (SEQ ID NG: 384), wherein Xis For Y, Xzis N or
T, X3is WorY, and X4 is F or W or a variant thereof comprising up to about 3 {such as about
any of 1, 2, or 3) amino acid substitutions; and b} a VL comprising a CDR-L1 comprising the
amino acid sequence according to Formmuida (V) X SSTGAVITXOXNY XN (SEQ 1D NO: 385),
wherein X118 A, G, or R, Xpis Sor T, Xais Gor S, and X418 A, P, or V, or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, a CDR-L.2
comprising the amino acid sequence according to Formula (V) GTX 2GRAP (SEQ ID NO:

386), wherein X1 is K or N, and Xz is F or K, or a variant thereof comprising up to about 3 (such
as about any of 1, 2, or 3) aroino acid substitations, and a CDR-L.3 comprising the arnino acid
sequence according to Formula (VI ALWYSXGXoWV (SEQ ID NO: 387), wherein X118 D, N,
or T, and X 1s L. or R, or a variant thereof coraprising up to about 3 (such as about anv of {, 2, or
3y amuno acid substitutions. In some embodiments, the amino acid substitutions are conservative
amino acid substitutions.

[8442] In some embodiments, there 15 provided an 1solated anti-CD3 antibody or antigen-binding
fragment thereof, comprising a VH comprising a CDR-HT comprising an amino acid sequence
according to Formula (1) Xy YAXGX: (SEQ ID NO: 382), wherein X3 18D, S, or T, X3 1s L L, or
M, and X5 1s N or T, a CDR-H2 comprising an amino acid sequence according to Formula (11}
RIRSKYNNYATYYAX 1 Xo VKX (SEQ ID NO: 383), wherein XjisDor E, Xz s S or T, and X5
is D, G, or S, and a CDR-H3 comprising an amino acid sequence according to Formula (1H):
HONXGXOSYVSXaX4AY (SEQ ID NO: 384), wherein Xiis For Y, X is Nor T, Xsis Wor Y,
and Xy is F or W, and a VL comprising a CDR-L1 comprising an amino acid sequence according
to Formula (IV): XGSSTGAVTXXGNY XN (SEQ 1D NO: 385), wherein X1 s A, G, or R, Xo is
SorT, XsisGor§ and Xyis A, P, or V, a CDR-L2 comprising an amino acid sequence
according to Formula (V) GTX2ORAP (SEQ 1D NO: 380), wherem Xy isKor N, and Xp s F or
K, and a CDR-L3 comprising an amino acid sequence according to Formula (V1)

ATWYSX2ZGWY (SEQ ID NO: 387), wherem X1 is D, N, or T,and X s Lor R
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[8443] In some embodiments, the anti-CD3 aniibody or antigen-binding fragment thereof
comprises a VH comprising & CDR-H1 comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 376 and 390, a CDR-H2 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 391-394, and a CDR-H3 comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 378 and 395; and a VL
comprising a CDR-L1 comprising an amino acid sequence selected from the group consisting of
SEQ ID NQGs: 396-398, a CDR-L2 comprising an amino acid sequence selected from the group
congisting of SEQ 1D NOs: 380 and 399, and a CDR-L3 comprising an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 381, and 400-401.

[8444] In soroe embodiments, there is provided an isolated anti-CD3 antibody or antigen-binding
fragroent thereof comprising a VH comprising a CDR-H1 comprising an ammino acid sequence
selected from the group consisting of SEQ 1D NOs: 376 and 390, or a variant thercof coruprising
up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions; a CDR-HZ comprising
an amino acid sequence selected from the group consisting of SEQ 1D NOs: 391-394, or a
variant thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino acid
substitutions, and a CDR-H3 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 378 and 395, or a variant thereof comprising up to about 3 (such as
about any of 1, 2, or 3) amino acid substitations; and a VL comprising a CDR-LI comprising an
arnino acid sequence selected from the group consisting of SEQ ID NOs: 396-398, or a variant
thereof comprising up to about 3 (such as about any of 1, 2, or 3} amino acid substitutions, a
CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:
380 and 399, or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino
acid substitutions, and a CDR-L3 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 381, and 400-401, or a variant thereof comprising up to about 3

{such as about any of 1, 2, or 3) amino acid substitutions. In some embodiments, the amino acid
substitution is a conservative amino acid substitution.

[6445] In some embodiments, there is provided an isolated anti-CD3 antibody or antigen-binding
fragment thereof comprising a VH comprising a CDR-H1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 376 and 390, a CDR-H2 comprising an
arnino acid sequence selected from the group consisting of SEQ 1D NOs: 391-394, and a CDR-

H3 comprising an amino acid sequence selected from the group consisting of SE( ID NOs: 378
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and 395, or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino
acid substitutions in COR-HI, CDR-H2 and/or CDR-H3: and a VL comprising a CDR-L1
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 396-
398, a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ
1D NOs: 380 and 399, and a CDR-L3 comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 381, and 400-401, or a variant thereof comprising up to about
3 (such as about any of 1, 2, or 3) amino acid substitutions in CDR-LI, CDR-L2 and/or CDR-L3.
In some embodirments, the amino acid substitution 1 a conservative amino acid substitution.
[8446] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises 1,2, 3,4, 5, or 6 CDRs of an antibody as shown in Table 8B, Table 5E, and/or Table
SH. In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof comprises
the VH of an antibody as shown in Table 3F. In some embodiments, the anti-CD3 antibody or
antigen-binding fragment thereof comprises the VL of an antibody as shown in Table 3G. In
some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof comprises the
VH and/or the VL of an antibody as shown in Table 3H. In some embodiments, the anti-CD3
antibody or antigen-binding fragment thereof comprises a VH comprising a CDR-HI1 comprising
an amino acid sequence selected from the group consisting of SEQ ID NGs: 376, 390, 601, and
602, a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ
ID NOGs: 377, 391-394, and 603, and a2 CDR-H3 comprising an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 378, 395, 604, and 605. In some embodiments, the
anti-CD3 antibody or antigen-binding fragment thereof comprises a VL comprising a CBR-L1
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 396-
398§, and 606-609, a CDR-LZ comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 380 and 399, and a CDR-L3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 381, 400-401, and 6190. In some
embodiments, the anti-CD3 antibody or antigen-binding fragment thereof comprises a VH
comprising 2 CDR-H1 comprising an amino acid sequence selected from the group consisting of
SEQ ID MNOs: 376, 390, 601, and 602 or a variant thereof comprising up to about 3 (such as
about any of 1, 2, or 3} amino acid substitutions, a CDR-HZ comprising an amino acid sequence
selected from the group consisting of SEQ ID NQOs: 377, 391-394, and 603 or a variant thereof

comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a CDR-
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H3 comprising an amino acid sequence selected from the group consisting of SEQ ID NQGs: 378§,
395, 604, and 605 or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3}
amino acid substitutions. In some embodiments, the anti-CD3 antibody or antigen-binding
fragment thereof comprises a VL comprising a CDR-L1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 396-398, and 606-609 or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, a CDR-L2
comprising an amino acid sequence selected from the group consisting of SEQ 1D NOs: 380 and
399 or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino acid
substitutions, and a CDR-L3 coruprising an arnino acid sequence selected frorn the group
counsisting of SEQ 1D NOs: 381, 400-401, and 6190 or a variant thereof corprising up to about 3
(such as about any of 1, 2, or 3) amino acid substitutions.

[8447] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising an amino acid sequence selected from the group consisting of SEQ
1D NGs: 67, 402, 403, 407, 409, 410, 412, 414-416, and 611-640. In some embodiments, the
anti~-CD3 antibody or antigen-binding fragment thereof comprises a VL comprising an amino
acid sequence selected from the group consisting of SEQ ID NOs: 68, 403, 404, 406, 408, 411,
413, and 641-666.

[8448] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises 8 VH comprising an amino acid sequence comprising at least 80% {(e.g., at least any
one of 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) sequence
identity to the group consisting of SEQ ID NQOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and
611-640. In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VL comprising an amino acid sequence comprising at least 80% {e.g., at least any
one of 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) sequence
identity selected from the group consisting of SEQ ID NOs: 68, 403, 404, 406, 408, 411, 413,
and 641-666.

[#449] In some embodiments, the anti-CUD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
376, a CDR-HZ comprising the amino acid sequence of SEQ [D NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 378, and a VL comprising a CDR-L1

comprising the amino actd sequence of SEQ 1D NG: 396, a COR-L2 comprising the amino acid
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sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 381

[6458] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 392, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NO: 397, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NOG: 400.

[8451] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NQ: 392, and 3 CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 401,

[€452] In some embodiments, the anti~-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a COR-HT comprising the amuino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 397, a CDR-L2 comprising the amino acid
sequence of SE(Q ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ D
NO: 381

[8453] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
376, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 393, and a COR-H3
comprising the amino acid sequence of SEQ 1D NG: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NOG: 396, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NG: 401,
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[8454] In some embodiments, the anti-CD3 aniibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
376, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
N 400,

[8455] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
376, a CDR~-H2 comprising the amino acid sequence of SEQ ID NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 398, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 399, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NQO: 400,

[6#456] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NQO: 394, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 397, a CDR-L2 comprising the aming acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NG: 381

[8457] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 391, and a CDOR-H3
comprising the amino acid sequence of SEQ ID NG: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NQO: 396, a CBR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 381,

[8458] In some embodiments, the anti-CD3 antibody or antigen-hinding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:

390, a CDR-HZ comprising the amino acid sequence of SEQ [D NO: 394, and a CDR-H3
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comprising the amino acid sequence of SEQ ID NQO: 395, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 381

[8459] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
376, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 378, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 397, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 400.

[8460] In sorme embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising 2 CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 393, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 378, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NQO: 331

[@461] In some embodiments, the anti~-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CPR-H1 comprising the amino acid sequence of SEQ ID NO:
390, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 378, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NQ: 381

[8462] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ D NO:
390, a CDR-H2 corprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 378, and a VL comprising a CDR-L1

comprising the amino acid sequence of SEQ ID NO: 397, a CDR-L2 comprising the amino acid
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sequence of SEQ [D NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 381

[6463] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
688, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 391, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 689, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NO: 398, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 399, and a CDR-L3 comprising the amino acid seqguence of SEQ ID
NO: 687.

[8464] In sorme embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
688, a CDR-HZ comprising the amino acid sequence of SEQ 1D NO: 377, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 689, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 690, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 399, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 687

[@465] In some embodiments, the anti~-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a COR-HT comprising the amuino acid sequence of SEQ 1D NO:
688, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 394, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 692, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 396, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino acid sequence of SEQ D
NO: 691,

[8466] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
396, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 399, and a COR-H3
comprising the amino acid sequence of SEQ ID NG: 687, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NOG: 390, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 394, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NG: 395
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[8467] In some embodiments, the anti-CD3 aniibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
397, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 381, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 688, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 394, and a CDR-L3 comprising the amino acid sequence of SEQ D
NC: 604,

[8468] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
397, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 399, and a CDR-H3
comprising the ammno acid sequence of SEQ ID NG: 691, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 390, 3 CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 394, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 639,

[6#469] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
396, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 399, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 691, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 390, a CDR-L2 comprising the aming acid
sequence of SEQ ID NO: 391, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NG: 604.

(84781 In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
397, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 399, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 687, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 688, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 393, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NGO: 604

[8471] In some embodiments, the anti-CD3 antibody or antigen-hinding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:

396, a CDR-HZ comprising the amino acid sequence of SEQ [D NO: 380, and a CDR-H3
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comprising the amino acid sequence of SEQ ID NO: 400, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 688, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 693, and a CDR-L3 comprising the amino acid sequence of SEQ 1D
NO: 692,

[8472] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
694, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 399, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG: 691, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 695, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 696, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NG: 604

[8473] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comaprises 2 VH comprising an anuno acid sequence according to Formula (VI
EVOLVESGGGLVX PGGSLRLSCAASGEFTEX G YARGWVROQAPGRGLEWVIXGRIRSKYN
NYATYYAXSVEX/RFTISRDXGSKNTLYLOX o NSLRAEDTAVY YCX oRHGNX (i GXnSYVS
WFAYWGQOGTIVTVSS (SEQ ID NO: 388), wherein X1 s Kor Q, Xots Nor 8, Xz s S or T,
KasHor N, XsisGor S, Xe s DorE, Xp1isDor G, Xz s Dor N, XewsTorl, XppisAorV,
XnwisForY, Xipis Nor T and a VL comprising an amino acid sequence according to Formula
(VL)

XiAVVTQEPSLIVSPGGTVTLTCXSSTGAVTITSNY X NW X QOKPGQAPRGLIGGTX s X6R
APGX/PARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSX s XoWVFGGGTELTVL (SEQ
D NG 389, wherein Xy s Eor (3, X015 A, G P or R XaisAor P XasForV, XsisKor N,
XetsForK, X51s A LT orV, XsisA, D, N, or T and Xsis Hor L.

[8474] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising an amino acid sequence selected from the group consisting of SEQ
ID NOs: 67, 402, 405, 407, 409, 410, 412, 414, 415, and 416; and a VL comprising an amino
actd sequence selected from the group consisting of SEQ 1D NOs: 69, 403, 404, 406, 408, 411,
and 413,

[8475] In some embodiments, the anti-CD3 antibody or antigen-hinding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 67, and a VL comprising

the amino acid sequence of SEQ ID NO: 68
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[8476] In some embodiments, the anti-CD3 aniibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 402, and a VL comprising
the amino acid sequence of SEQ 1D NO: 403,

[8477] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 402, and a VL comprising
the amino acid sequence of SEQ ID NO: 403

[0478] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 402, and a VL comprising
the amino acid sequence of SEQ ID NO: 404,

[8479] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 405, and a VL comprising
the amino acid sequence of SEQ ID NG: 406

[848¢] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 407, and a VL comprising
the amino acid sequence of SEQ 1D NG: 404

[8481] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amuno acid sequence of SEQ ID NO: 407, and a VL comprising
the amino acid sequence of SEQ 1D NG: 403,

[€482] In some embodiments, the anti~-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 407, and a VL comprising
the amino acid sequence of SEQ 1D NO: 408,

[8483] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 409, and a VL comprising
the amino acid sequence of SEQ 1D NO: 408

[#484] In some embodiments, the anti-UD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 410, and a VL comprising
the amino acid sequence of SEQ ID NG 411

[8485] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 412, and a VL comprising

the amino acid sequence of SEQ 1D NO: 413.
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[8486] In some embodiments, the anti-CD3 aniibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 410, and a VL comprising
the amino acid sequence of SEQ 1D NO: 413

[8487] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 414, and a VL comprising
the amino acid sequence of SEQ ID NO: 403

[0488] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 415, and a VL comprising
the amino acid sequence of SEQ I NO: 413,

[8489] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 416, and a VL comprising
the amino acid sequence of SEQ ID NG: 413,

[849¢] In some embodiments, the anti-CD3 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 416, and a VL comprising
the amino acid sequence of SEQ 1D NO: 411

[8491] In some embodiments, the 1solated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises one, two, three, four, five, or six CDRs of an antibody as
shown m Table 7. In some embodiments, the 1solated antibody or antigen-binding fragment
thereof that specifically binds CD3 comprises one, two, three, four, five, or six CDRs of the anti-
CD3 antibody TYZ24051, TY25236, TY25023, TY25024, TY25237, TY25228, TY25227,
TY25230, TY25229, TY25238, TY25239, TY25243, TY25231, TY25244, TY25241, or
TY25240, as shown in Table 7. In some embodiments, the isolated antibody or antigen-binding
fragment thereof that specifically binds CD3 comprises a VH and/or a VL as shown in Table &
in some embodiments, the 1solated antibody or antigen-binding fragment thereof that specifically
binds CD3 comprises a VH and/or a VL of the anti-CD3 antibody TY24051, TY25236,
TY25023, TY25024, TY25237, TY25228, TY25227, TY25230, TY25229, TY25238, TY25239,
TY25243,TY25231, TY25244, TY25241, or TY25240, as shown in Table 8.

[6492] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises one, two, three, four, five, or six CDRs of antibody TY25023
as shown in Table 7. In some embodiments, the antibody or antigen-binding fragment thereof

comprises a VH and/or a VL of antibody TY25023 as shown in Table 8. In some embodiments,
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the antibody or antigen-binding fragment thereof comprises a scFv of antibody TY25023 as
shown in Table 9. In some embodiments, the antibody or antigen-binding fragment thereof
comprises a heavy chain of antibody TY25023 as shown in Table 12.

[6493] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises a heavy chain variable domain (VH) sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the
amino acid sequence of SEQ [D NO:402. In certain embodiments, a VH sequence contains
substitutions {e.g., conservative substitutions), insertions, or deletions relative to the amino acid
sequence of SEQ 1D NG:402, but retains the same ability to bind CD3 as the antibody
comprising SEQ ID NO: 402, In certain emnbodiments, a total of 1 to 13 anuno acids have been
substituted, inserted and/or deleted in SEQ ID NO: 402, In certain embodiments, substitutions,
insertions, or deletions occur n regions outside the CDRs (f.e., in the FRs). In a particular
embodiment, the VH comprises one, two or three CDRs selected from the group consisting of:
(a) a CDR-HI comprising the amino acid sequence of SEQ 1D NO:390, (b) a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:392, and {c¢) a CDR-H3 comprising the
amno acid sequence of SEQ 1D N(G:395.

[€494] In anocther aspect, an 1solated antibody or antigen-binding fragment thereof that
spectfically binds CD3 1s provided, wherein the antibody or antigen-binding fragment thereof
comprises a light chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence 1dentity to the amino acid sequence of SEQ ID
NG:403. In certain embodiments, a VL sequence contains substitutions (e.g., conservative
substitutions), msertions, or deletions relative to the amino acid sequence of SEQ 1D N(G:403,
but retains the same ability to bind CD3 as the antibody comprising SEQ ID N(O:403. In certain
embodiments, a total of 1 to 11 amino acids have been substituted, inserted and/or deleted in
SE(Q ID NO: 403. In certain embodiments, the substitutions, insertions, or deletions occur in
regions outside the CDRs (i.e., in the FRs). In a particular embodiment, the VL comprises one,
two or three CDRs selected from the group consisting of (a} a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:397; (b) a CDR-L2 comprising the amino acid sequence of SEQ
1D NO:380; and {c) a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:400.

[8495] In some embodiments, the isolated antibody or antigen-binding fragment thereof that

specifically binds CD3 comprises a VH comprising a CDR-H1 comprising the amine acid
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sequence of SEQ D NO: 390, a CDR-HZ comprising the aming acid sequence of SE( 1D NO:
392, and & CDR-H3 comprising the amino acid sequence of SEQ 1D NG: 395 and a VL
comprising a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 397 a CDR-L2
comprising the amino acid sequence of SEQ 1D NG: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO: 400

[8496] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
spectfically binds CD3 comprises a VH comprising the anuno acid sequence of SEQ ID NO:
402, and the VL comprising the ammno acid sequence of SEQ 1D NO: 403,

(64977 In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises a VH CDR1, a VH CDR2, and a VH CDR3, respectively
comprising the amino acid sequences ofa CDR1, a CDR2, and a CDR3 of a VH having the
sequence set forth in SEQ ID NG:402; and a VL CDR1, a VL CDR2, and a VL CDR3,
respectively comprising the amino acid sequences of a CDR1, a CDR2, and a CDR3 of a VL.
having the sequence set forth in SEQ 1D NO:403.

[6498] In some embodiments, the 1solated antibody or antigen-binding fragment thereof that
spectfically binds CD3 comprises one, two, three, four, five, or six CDRs of antibody TY25238
as shown in Table 7. In some embodiments, the antibody or antigen-binding fragment thereof
comprises a VH and/or a VL of antibody TY25238 as shown 1n Table 8. In some embodiments,
the anttbody or antigen-binding fragment thereof comprises a scFv of antibody TY25238 as
shown in Table 9. In some embodiments, the antibody or antigen-binding fragment thereof
comprises a heavy chain of antibody TY25238 as shown in Table 12.

(84991 In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises a heavy chain variable domain {VH) sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the
amino acid sequence of SEQ ID N(O:410. In certain embodiments, a VH sequence contains
substitutions {e.g., conservative substitutions), insertions, or deletions relative to the amino acid
sequence of SEQ 1D NO: 410, but retains the same ability to bind CD3 as the antibody
comprising SEQ D NO: 410. In certain embodiments, a total of 1 to 13 amino acids have been
substituted, inserted and/or deleted in SEQ ID NO: 410. In certain embodiments, substitutions,
msertions, or deletions occur in regions outside the CDRs (i.e., in the FRs). In a particular

embodiment, the VH comprises one, two or three CDRs selected from the group consisting of’
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{a) a CDR-HI comprising the aming acid sequence of SEQ 1D N(:390, (b) a CDOR-H2
comprising the amino acid sequence of SEQ 1D NG:394, and {c¢) a CDR-H3 comprising the
amino acid sequence of SEQ 1D NO:395.

[8566] In another aspect, an isolated antibody or antigen-binding fragment thereof that
spectfically binds CD3 is provided, wherein the antibody or antigen-binding fragment thereof
comprises a light chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ ID
NO:411. In certain embodiments, a VL sequence contains substitutions {e.g., conservative
substitutions), nsertions, or deletions relative to the amino acid sequence of SEQ ID NO: 411,
but retains the same ability to bind CD3 as the antibody comprising SEQ D NO: 411, In certain
embodiments, a total of 1 to 11 amino acids have been substituted, inserted and/or deleted in
SEQ ID NO: 411, In certain embodiments, the substitutions, insertions, or deletions occur in
regions outside the CDRs {i.e., in the FRs). In a particular embodiment, the VL comprises one,
two or three CDRs selected from the group consisting of (a) a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:397; (b} a CDR-L2 comprising the amino acid sequence of SEQ
I3 NG:380; and (¢) a CDR-L3 comprising the anmino acid sequence of SEQ 1D NO:331.

[6561] In some embodiments, the 1solated antibody or antigen-binding fragment thereof that
specitfically binds CD3 comprises a VH comprising a CDR-H1 comprnising the anuno acid
sequence of SEQ I NOG: 390, a CDR-H2 comprising the ammno acid sequence of SEQ 1D NC:
394, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395 and a VL
comprising a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 397, a CDR-1.2
comprising the amino acid sequence of SEQ ID NO: 380, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO: 381,

(85627 In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises a VH comprising the amino acid sequence of SEQ 1D NO:
410, and a VL comprising the aming acid sequence of SEQ ID NO: 411,

[6563] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises a VH CDR1, a VH CDR2, and a VH CDR3, respectively
comprising the amino acid sequences of a CDR1, a CDR2, and a CDR3 of a VH having the
sequence set forth in SEQ ID NO:410; and a VL CDR1,a VL CDRZ, and a VL CDR3,
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respectively comprising the aming acid sequences of a CDR1, a CDR2, and a CDR3 of a VL
having the sequence set forth in SEQ ID NG:411

[6584] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
spectfically binds CD3 is a Fab, a Fv, or a scFv. In some embodiments, the isolated antibody or
antigen-binding fragment thereof that specifically binds CD3 1s a scFv comprising from the N-
terminus to the C-terminus: VL-L1-VH, wherein L1 1s a peptide linker. In some embodiments,
the TBM is a scFv comprising from the N-terminus to the C-terminus: VH-L1-VL, wherein L1 15
a peptide linker. In some embodiment, L1 comprises the amino acid sequence of SEQ ID NO:
82.

In some embodiments, the 1solated antibody or antigen-binding fragment thereof that specifically
binds CD3 comprises 1, 2, 3, 4, 5, or 6 CDRs as shown in Table 5B, Table 8D, Table 8E, and/or
Table 5H. In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD3 comprises a VH and/or VL as shown in Table 3C, Table 5F, Table 3G,
and/or Table SH. In some embodiments, the isolated antibody or antigen-binding fragment
thereof that specifically binds CD3 comprises a VH and/or a VL of the anti-CD3 antibody
TY25520, TY25521, TY25523, TY25524, TY25525, TY25526, TY25527, TY25528, TY25529,
or TY25531, as shown in Table SH.

(85857 In some embodiments, the 1solated antibody or antigen-binding {ragment thereof that
specifically binds CB3 binds human CD3. Tn some embodiments, the 1solated antibody, or
antigen-binding fragment thereof, 13 cross-reactive with a CD3 polypeptide from at least one
non-human species selected from the group consisting of cynomoligus monkey, mouse, rat and
dog.

[6566] In some embodiments, the isolated anti-CID3 antibody 1s a monospecific antibody, e.g., a
full-length antibody, a scFv, or a scFv-Fc. In some embodiments, the isolated anti-CD3 antibody
is a multispecific {e.g., bispecific) T-cell engager. In some embodiments, the isolated anti-CD3
antibody 1s an activatable antibody. In some embodiments, the isolated anti-CD3 antibody s an
activatable multispecific antibody, such as an activatable multispecific (e.g., bispecific) T-cell
engager.

i) Anti-CD20 antibody

[8507] Also provided herein are isolated antibodies or antigen-binding fragments thereof that

spectfically bind to CD20 (e.g., human CD20). The anti-CD20 antibodies described herein may
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be used as in any one of the multispecific anti-CD20 antibodies, activatable anti-CD20
antibodies, and activatable multispecific T-cell engagers described herein,

[6588] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
spectfically binds CD20 comprises 1, 2, 3, 4, 5, or 6 CDRs as shown in Tables C, 29 and 31. In
some embodiments, the isolated antibody or antigen-binding fragment thereof that specifically
binds CD20 comprises a VH and/or VL as shown in Tables €, 29 and 31

[6569] In some embodiments, the anti-CD20 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-H1 comprising the anuno acid sequence of SEQ 1D NO:
556, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 557, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 558, and a VL comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 559, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 560, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 561,

[851¢] In some embodiments, the anti-CD20 antibody or antigen-binding fragment thereof
comprises a VH comprising a CBR-HI comprising the amino acid sequence of SEQ 1D NO: 86,
a CDR-HZ comprising the amino acid sequence of SEQ 1D NO: 557, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO: 558, and a VL comprising a CDR-L1 comprising the
anmuno acid sequence of SEQ ID NO: 559, a CDR-1.2 comprising the amino acid sequence of
SEQ ID NO: 560, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: S61.
[8511] In some embodiments, the anti-CD20 antibody or antigen-binding fragment thereof
comprises a VH comprising a CDR-HI comprising the amino acid sequence of SEQ ID NO: 556
or &6 or a variant thereof comprising up to about 3 {such as about any of 1, 2, or 3) amino acid
substitutions, a CDR-H2 comprising the aming acid sequence of SEQ D NO: 557 or a variant
thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a
CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 558 or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a VL
comprising a CDR-L1 comprising the amino acid sequence of SEQ 1D NG: 559 or a variant
thereof corprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, a
CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 560 or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a CDR-

L3 comprising the anming acid sequence of SEQ ID NO: 561 or a variant thereof comprising up
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to about 3 {such as about any of 1, 2, or 3) amino acid substitutions. In some embodiments, the
amine acid substitution is a conservative amino acid substitution.

[6512] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
spectfically binds human CD20 comprises a VH CDR1, a VH CDRZ, and a VH CDR3,
respectively comprising the amino acid sequences of a CDR1, a CDR2, and a CDR3 of a VH
having the sequence set forth in SEQ 1D NO:562; and a VL CDR1,a VL CDR2, and a VL
CDR3, respectively comprising the amino acid sequences of a CDR1, a CDRZ, and a CDR3 of 2
VL having the sequence set forth in SEQ 1D NO:563. In some embodiments, the VH CDR1, VH
CDR2, VH CDR3, VL CDRI1, VL CDRZ, and/or VL. CDR3 comprises up to about 3 (such as
about any of 1, 2, or 3) amino acid substitations. In some embodiments, the amino acid
substitation s a conservative amino acid substitation.

[6513] In some embodiments, the 1solated antibody or antigen-binding fragment thereof that
specifically binds CD20 comprises a heavy chain variable domain (VH) sequence having at least
90%, 91%, 92%;, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence dentity to the
amino acid sequence of SEQ ID NO:562. In some embodiments, the VH comprises an aming
acid sequence comprising at least 80% {e.g., at least any one of 85%, 87%, 90%, 91%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99%, or more) sequence 1dentity to the ammo acid sequence
of SEQ 1D NO:562. In certain embodiments, a VH sequence contains substitutions (e.g.,
conservative substitutions), insertions, or deletions relative to the amino acid sequence of SEQ
i3 NO: 562, but retains the same ability to bind CD20 as the antibody comprising SEQ 1D NO:
362. In certain embodiments, a total of 1 to 13 amino acids have been substituted, inserted and/or
deleted in SEG 1D NO: 562. In certain embodiments, substitutions, insertions, or deletions occur
in regions outside the CDRs (i.e., in the FRs). In some embodiments, the VH comprises one, two
or three CDRs selected from the group consisting of: (a) a CDR-H1 comprising the aming acid
sequence of SEQ ID NO:556, (b} a CDR-H2 comprising the amino acid sequence of SEQ ID
N(:557, and (c) a CDR-H3 comprising the amino acid sequence of SEQ ID NO:558. In some
embodiments, the VH comprises one, two or three CDRs selected from the group consisting of:
(a) a CDR-HT comprising the aming acid sequence of SEQ I NO:86, (b) a CDR-HZ comprising
the amino acid sequence of SEQ ID NO:557, and (¢} a CDR-H3 comprising the amino acid
sequence of SEQ 1D NO:558.
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[8314] In another aspect, an 1solated antibody or antigen-binding fragment thereof that
specifically binds CD3 is provided, wherein the antibody or antigen-binding fragment thereof
comprises a light chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ ID
NO:563. In some embodiments, the VL comprises an amino acid sequence comprising at least
80% {e.g., at least any one of 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more} sequence identity to the amino acid sequence of SEQ 1D NO:563. In certain
embodiments, a VL sequence contains substitutions {(e.g., conservative substitutions), insertions,
or deletions relative to the amino acid sequence of SEQ D NO: 563, but retains the same ability
to bind CD20 as the antibody comprising SEQ ID NO: 563, In certain embodiments, a total of 1
to 11 amino acids have been substituted, 1nserted and/or deleted in SEQ ID NO: 563, In certain
embodimuents, the substitutions, insertions, or deletions occur in regions outside the CDRs (ie.,
i the FRs). In a particular embodiment, the VL comprises one, two or three CDRs selected from
the group consisting of (a) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:559;
{b) a CDR-L2 comprising the amino acid sequence of SEQ 1D NG:560; and (¢} a CDR-L3
comprising the amino acid sequence of SEQ 1D NO: 561

[6515] In some embodiments, the anti-CID20 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 562, and a VL comprising
the amino acid sequence of SEQ 1D NQO: 563,

[8516] In some embodiments, the anti-CD20 antibody or antigen-binding fragment thereof
comprises a VH comprising the aming acid sequence of SEQ ID NO: 87, and a VL comprising
the amino acid sequence of SEQ ID NO: &9.

[6517] In some embodiments, the anti-CD20 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ ID NO: 87, and a VL comprising
the amino acid sequence of SEQ 1D NO: 90.

[8518] In some embodiments, the anti-CD20 antibody or antigen-binding fragment thereof
comprises a VH comprising the amino acid sequence of SEQ 1D NO: 87, and a VL comprising
the amino acid sequence of SEQ ID NO: 91.

[6519] In some embodiments, the isolated antibody or antigen-binding fragment thereof that

specifically binds CD20 is a Fab, a Fv, or a scFv.
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[8328] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD20 comprises a light chain {e.g., an LC1) of antibody TY25455, TY25023,
or TYZ25238, as shown in Table 23. In some embodimenits, the isolated antibody or antigen-
binding fragment thereof that specifically binds CD20 comprises a light chain comprising the
amino acid sequence of SEQ 1D NO: 564.

[8521] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
spectfically binds CD20 comprises a heavy chain {e.g., an HC1} of antibody TY25455,
TY25023, or TY25238, as shown in Table 23. In some embodiments, the isolated antibody or
antigen-binding fragment thereof that specifically binds CD20 comprises a light chain
comprising the amino acid sequence of SEQ 1D NG: 565,

[8522] In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD20 1s more highly expressed than a reference antibody {e.g., rituxumab). Tn
some embaodiments, the isolated antibody or antigen-binding fragraent thereof that specifically
binds CD20 1s produced to a higher abundance of protem than a reference antibody (e. g,
rituximab}. In some embodiments, the isolated antibody or antigen-binding fragment thereof that
specifically binds CD20 1s more likely to be properly folded than a reference antibody {e.g.,
rituximab). In some embodiments, the expression, protein abundance, or level of proper folding
compared to a reference antibody (e.g, ritiximab} 1s measured under controlled expermmental
conditions. In some embodiments, the expression, protein abundance, or level of proper folding
compared to a reference antibody (e.g., rituximab} 1s measured with the isolated antibody or
antigen-binding fragment thereof that specifically binds CID20 and the reference antibody in an
activatable and/or multispecific format, as described herein.

[6523] In some embodiments, the isolated anti-CID20 antibody 15 a monospecific antibody, ¢.g., a
full-length antibody, a scFv, or a scFv-Fc. In some embodiments, the isolated anti-CD20
antibody is a multispecific (e.g., bispecific) T-cell engager. In some embodiments, the isolated
anti-CD20 antibody is an activatable antibody. In some embodiments, the isolated anti-C20
antibody is an activatable multispecific antibody, such as an activatable multispecific {e.g.,
bispecific) T-cell engager.

i Linker

[8524] The anubodies {e.g., multispecific antibodies, activatable multispecific antibodies,

activatable anti-CD3 antibodies, masked anti-CD3 antibodies, and activatable anti-HER2
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antibodies} described herein may comprise one or more linkers {e.g., L1, L2, L3, etc.) disposed
between the various regions in the polypeptides.

[8525] Any suitable linker {e.g, a flexible linker) known in the art may be used, including, for
example: glycine polymers {(G)n, where nn 15 an integer of at least 1 {e.g., at least one, at least 2, at
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, etc.); glycine-
serine polymers (GS)n, where n is an integer of at least 1 (e.g., at least one, at least 2, at least 3,
at feast 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, etc.) such as SGGGS
(SEQ ID NO: 80), GGGSGGGGS (SEQ ID NO: 81), {GaSh (SEQ ID NO: 82), GGGGS (SEQ
1D NG: 130), SGGS (SEQ ID NG: 131), GGSG (SEQ ID NO: 132), GGSGG (SEQ ID NO:
133), GSGSG (SEQ ID NO: 134), GSGGG (SEQ ID NO: 135), GGGSG(SEQ ID NG: 136),
and/or GSKSG (SEQ 1D NO: 137)); glycine-alanune polymers; alanine-serine polymers; and the
like. Lanker sequences may be of any length, such as from about I amino acid (e.g., glycine or
serine) to about 20 armino acids (e.g., 20 amino acid glycine polymers or glycine-serine
polymers), about 1 amino acid to about 15 amino acids, about 3 amino acids to about 12 aming
acids, about 4 amino acids to about 10 amino acids, about 5 amino acids to about 9 amino acids,
about 6 amino acids 1o about 8 amino acids, etc. In some embodiments, the Iinker 1s any of about
1,2,3,4,5,6,7,8 9 10, 11,12, 13, 14, 15,16, 17, 18, 19, or 20 amino acids in length.

J. Fe regions and CH3 domains

[6526] In some embodiments, the antibody (e.g., multispecific antibody, activatable
multispecific antibody, activatable anti-CD3 antibody, masked anti-CD3 antibody, activatable
anti-HERZ2 antibody, or activatable anti-CD20 antibody ) described herein comprises one or more
antibody constant regions, such as human heavy chain constant regions and/or human light chain
constant regions. In some embodiments, the human heavy chain constant region is of an isotype
selected from IgA, IgG, and IgD. In some embodiments, the human light chain constant region is
of an isotype selected from x and . In some embodiments, the antibody comprises a human IgG
constant region. In some embodiments, the antibody comprises a human 1gG4 heavy chain
constant region. In some embodiments, the antibody comprises a human IgG1 heavy chain
constant region. In some such embodiments, the antibody comprises an 8228P muiation in the
human 1G4 constant region.

[8527] Whether or not effector function is desirable may depend on the particular method of

treatment intended for an antibody. In some embodiments, when effector function is desirable, an
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antibody comprising a human IgG1 heavy chain constant region or a human IgG3 heavy chain
constant region is selected. In some embodiments, when effector function is not desirable, an
antibody comprising a human IgG4 or Ig(G2 heavy chain constant region is selected. In some
embodiments, the antibody comprises a human Ig(G1 heavy chain constant region comprising
one or more mutations that reduces effector function. In some embodiments, the antibody
comprises an 1gGl heavy chain constant region comprising an N297 A substitution.

[8528] The multispecific antibodies (including the activatable multispecific antibodies)
described herein may comprise CH3 domains having one or more engineered disulfide bonds,
one or more engineered {e.g., rearranged or mversed) salt bridges, or a combination thereof.
Unless stated otherwise, all amino acid residue numbering herein 1s based on EU numbering, and
the amino acid substitutions are relative to the wildtype (or naturally occurning) sequence at the
corresponding amino acid positions 1n a wild type (or naturally occurring) CH3 domain
sequence. It is appreciated that the mutations or substitutions described herein are applicable to
all 1e(G subclasses and allotypes. IgG allotypes have been described, for example, in Jefferis R
and Lefranc M. mdby 1:4, 1-7 (2009}, which 1s incorporated herein by reference n its entirety. In
some embodiments, the amino acid mutations or substitutions described herem are relative to a
wildtype CH3 domain sequence of an IgGl, such as Ig(Gl allotype Glim, 1{(a}, 2{x), 3{(f) or 17(2).
In some embodiments, the amino acid mutations or substitutions described herein are relative to
a wildtype CH3 domain sequence of an IgG4. For example, a D356K substitution relative to a
wildtype CH3 domain of one human Ig(Gl allotype (Uniprot ID PO1857; SEQ ID NO: 29} is
equivalent to an E356K substitution relative to a wildtype CH3 domain of a second human IgGl
allotype (SEQ 1D NO: 30), or a wildtype CH3 domain of a human [gG4 (SEQ D NO: 31}
Exemplary CH3 domain mutations are shown in Tables I¥ and E. In some embodiments, the
aming acid mutations or substitutions described herein are relative to a wildtype Fc region
sequence, &.g., an LgGl Fo region {(SEQ D NG: 32 or 33) or an Ig(G4 Fe region (SEQ ID NO:
34).

TABLE D. Fe mutations

Desi Mutations (first CH3 domain-second CH3 CH3 SEQ 1D NOs
Desigus .
domain)
N390C-8400°C 24,23
. S400C-N390°C 23,24
Dasulfide bond K330 V30TC %5 %
V397C-K392°C 26,25

i85




WO 2022/171192 PCT/CN2022/076000

K392C-8400°C 27,28

S400C-K392°C 28,27

E357KCT41IK-L351"DIK370°D 9,10

Charge designs | E357K:S364K-L351 D K370°D 11,12

D356K:E357KS304K-L351" D K370 D K439°D 13, 14

E357K:8364K:N390C-L351"D:K370°D:8400°C 15, 16

E357K:S364K:S400C-L331"D:K370°D:N3S0C 17,18

Chargetdisulfide | D356KE357K:S364K:N390C- 19, 20
bond designs L351TDK370°D:S400°CK439°D

D356KE357K:8364K.: 8400~ 21,22
ISTUDK370°DN390 C:K439°D

TABLE E. Fc mutations ID.

Mutations ChH3 . . .
D SEI;(?)H) Mutations (first CH3 domain-second CH3 domain)
(s
TRFO1 - T366S, L368A, Y407V, Y349C-T366'W, S3534°C
TRF0Z | - T350V, L351Y, FA405A, Y407V-T350°V, T366°L, K392'L, T394"W
TREO3 Ki196Q, S228P F296Y, E336K, R40YK, H435R, LA445P-K196°Q,
S S228°P F296°Y, R4A0YK, K439E, L445°P
TYMO1 1,2 T3668, L368A, Y407V, N390C-T366"W, 8400°C
TYMOZ |3,4 T3668S, L368A, Y407V, S400C-T366°W, N39O0 C
TYMO3 |- Y349C, L368Y, Y40TV-8354°C, T366°W
TYMO4 |- 1368V, Y407V-T366°W
TYMOS | 5,6 L368Y, Y407V, N39OC-T366"W, S400°C
TYMOG | 7,8 1368V, Y407V, S400C-T366"W N3 C
TYMO7 |9, 10 E357K:T41IK-L351"DK370°D
TYMO8 | 11,12 E357K:S364K-L351"DK370°D
TYMOS | 13,14 D or E3536KE357K:S364K-L351" D K370 D K439°D
TYM10 | 15,16 E357K:S364KN300C-L351" D K370°D:S400°C
TYMILE | 17,18 E357K 8364K:S400C-L351V D K370°D: N33O0’ C
TYM1Z2 |19, 20 D or E356K:E357K:S364K N3SOC-L351" B K376°D:S400°C:K439°D
TYMI3 | 21,22 D or B356K E357K:8364K:S400C-L35 D K370°D: N300’ C:K439°D

[8529] In some embodiments, the multispecific antibody {e.g., the activatable multispecific

antibody) comprises an engineered disulfide bond between C390 in a first CH3 domain and

C400 in a second CH3 domain, between 392 in a first CH3 domain and C397 in a second CH3

domain, or between €392 in a first CH3 domain and C400 m a second CH3 domain. In some

embodiments, the multispecific antibody {e.g., the activatable multispecific antibody) comprises

a rearranged salt-bridge network as compared to wildtype CH3 domains, e.g., among positions

357 and 411 n a first CH3 domain and positions 351 and 370 i a second CH3 domain {e.g.,
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E357TK T411K-L351 K370’ D), or among positions 357 and 364 in a first CH3 domain and
positions 351 and 370 in a second CH3 domain {e.g., E357K:8364K-L351"D:K370°D). In some
embodiments, the multispecific antibody comprises an inversed salt bridge as compared to
wildtype CH3 domains between position 356 in a first CH3 domain and position 439 in a second
CH3 domain {e.g., D356-K4397). The multispecific antibodies having CH3 mutations may have
high vield, superior stability {e.g., resistance to aggregation and precipitation at high temperature
or due to freeze-thaw cycles), and potent activity.

[6536] In some embodiments, the multispecific antibody {(e.g., the activatable multispecific
antibody) comprises CH3 domains having any one or combination of engineered residues, which
promote heterodimer formation as described herein. Heteromultimers comprising multiple
heterodimers formed by a first polypeptide comprising a first engineered CH3 domain and a
second polypeptide comprising a second engineered CH3 domain are also contemplated herein,
[6531] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody} comprises: 1} a first CH3 domain comprising a cysteine (C) residue at position 390 and
a second CH3 domain comprising a cysteine residue at position 400, or a first CH3 domain
comprising a cysteine residue at posttion 400 and a second CH3 domain comprising a cysteine
residue at position 390; or 11) a first CH3 domain comprising a cysteine residue at position 392
and a second CH3 domain comprising a cysteine residue at position 397, or a first CH3 domain
comprising a cysteine residue at position 397 and a second CH3 domain comprising a cysteine
residue at position 392; or i11) a first CH3 domain comprising a cysteine restdue at position 392
and a second CH3 domam comprising a cysteine residue at position 400, or a first CH3 domain
comprising a cysteine residue at position 400 and a second CH3 domain comprising a cysteine
residue at position 392; and wherein the amino acid residue numbering is based on EU
numbering.

[8#532] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody} comprises: a first polypeptide comprising a first CH3 domain and a second
polypeptide comprising a second CH3 domain, wherein: 1) the first CH3 domain further
comprises a positively charged residue at position 357 and the second CH3 domain further
comprises a negatively charged residue at position 351, or the first CH3 domain further
comprises a negatively charged residue at position 351 and the second CH3 domain further

comprises a positively charged residue at position 357; or 11} the first CH3 domain further
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comprises a positively charged residue at position 411 and the second CH3 domain further
comprises a negatively charged residue at position 370, or the first CH3 domain further
comprises a negatively charged residue at position 370 and the second CH3 domain further
comprises a positively charged residue at position 411; or 111} the first CH3 domain further
comprises a positively charged residue at position 364 and the second CH3 domain further
comprises a negatively charged residue at position 370, or the first CH3 domain further
comprises a negatively charged residue at position 370 and the second CH3 domain further
comprises a positively charged residue at posttion 364; or a combination of 1} and u), ora
combination or 1) and 1t), wherein the amino acid residue numbering s based on EU numbering,
Tn some embodiments, the first CH3 domain further comprises a positively charged residue at
posttion 356 and the second CH3 domain further comprises a negatively charged residue at
position 439, or first CH3 domain further comprises a negatively charged residue at position 439
and the second CH3 domain further comprises a posttively charged residue at position 356, and
wherein the amino acid residue numbering 18 based on EU numbering.

[6533] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody) comprises: a first polypeptide comprising a first CH3 domain and a second
polypeptide comprising a second CH3 domain, wherein: 1) the first CH3 domai comprises a
cysteine {C) residue at position 390 and the second CH3 domain comprises a cystemne restdue at
position 400, or the first CH3 domain comprises a cysteine residue at position 400 and the
second CH3 domain comprises a cysteine residue at position 390; or 11} the first CH3 domain
comprises a cysteine residue at position 392 and the second CH3 domain comprises a cysteine
residue at position 397, or the first CH3 domain comprises a cysteine residue at posttion 397 and
the second CH3 domain comprises a cysteine residue at position 392; or 111} the first CH3 domain
comprises a cysteine residue at position 392 and the second CH3 domain comprises a cysteine
residue at position 400, or the first CH3 domain comprises a cysteine residue at position 400 and
the second CH3 domain comprises a cysteine residue at position 392; and wherein: a} the first
(CH3 domain further comprises a positively charged residue at position 357 and the second CH3
domain further comprises a negatively charged residue at position 351, or the first CH3 domain
further comprises a negatively charged residue at position 351 and the second CH3 domain
further comprises a positively charged residue at position 357; or b) the first CH3 domain further

comprises a positively charged residue at position 411 and the second CH3 domain further
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comprises a negatively charged residue at position 370, or the first CH3 domain further
comprises a negatively charged residue at position 370 and the second CH3 domain further
comprises a positively charged residue at position 411, or ¢} the first CH3 domain further
comprises a positively charged residue at position 364 and the second CH3 domain further
comprises a negatively charged residue at position 370, or the first CH3 domain further
comprises a negatively charged residue at position 370 and the second CH3 domain further
comprises a positively charged residue at position 364; or a combination of a) and b), or a
combination of a} and ¢); wherein the anino acid residue numbering is based on EU numbering,
In some embodiments, the first CH3 domain further comprises a positively charged residue at
position 356 and the second CH3 domain further comprises a negatively charged residue at
posttion 439, or first CH3 domain further comprises a negatively charged residue at position 439
and the second CH3 domain further comprises a positively charged residue at position 356, and
wherein the amino acid residue numbering is based on EU numbering.

[8534] The CH3 domains may be derived from any naturally occurring immunogliobulin
molecules. In some embodiments, the CH3 domains are derived from an IgGl molecule, an IgG2
molecule, an 1gG3 molecule, or an Ig(G4 molecule. In some embodiments, the CH3 domains are
human CH3 domains. In some embodiments, the CH3 domains are derived from buman IgGl
molecules.

[6535] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody} comprises: a first polypeptide comprising a first CH3 domain and a second
polypeptide comprising a second CH3 domamn, wherein: 1) the first CH3 domain comprises
N390( substitution and the second CH3 domain comprises S400C substitution, or the first CH3
domain comprises S400C substitution and the second CH3 domain comprises N390C
substitution; or it} the first CH3 domain comprises K392C substitution and the second CH3
domain comprises ¥397C substitution, or the first CH3 domain comprises V397C substitution
and the second CH3 domain comprises K392C substitution; or i} the first CH3 domain
comprises K392C substitution and the second CH3 domain comprises S400C substitution, or the
first CH3 domain comprises S400C substitution and the second CH3 domain comprises K392C
substitution.

[8536] In some embodiments, the multispecific antibody {e.g., the activatable multispecific

antihody) comprises: a first polypeptide comprising a first CH3 domain and a second
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polypeptide comprising a second CH3 domain, wherein: 1) the first CH3 domain comprises
E357K and T411K substitutions and the second CH3 domain comprises £351D and K370D
substitutions, or the first CH3 domain comprises L351D and K370D substitutions and the second
CH3 domain comprises E357K and T411K substitutions; or 1) the first CH3 domain comprises
E357K and S364K substitutions and the second CH3 domain comprises L3510 and K370D
substitutions, or the first CH3 domain comprises L3510 and K370D substitutions and the second
CH3 domain comprises E357K and S364K substitutions; or 111} the first CH3 domain comprises
D356K, E357K and 8364K substitutions and the second CH3 domam comprises L3510, K370D
and K439D substitutions, or the first CH3 domain comprises L351D, K370D and K439D
substitutions and the second CH3 domain comprises D356K, E357K and S364K substitutions.
(85377 In some embodiments, the multispecific antibody {e.g, the activatable multispecific
antibody) comprises: a first polypeptide comprising a first CH3 domain and a second
polypeptide comprising a second CH3 domain, wherein the first CH3 domain comprises E357K,
S364K and N390C substitutions and the second CH3 domain comprises L351D, K370D, and
S400C substitutions, or the first CH3 domain comprises L3510, K370D, and S400C
substitutions and the second CH3 domain comprises E357K, 5364K and N390C substitutions.
[6538] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody) comprises: a first polypeptide comprising a first CH3 domain and a second
polypeptide compnising a second CH3 domain, wherein the first CH3 domain comprises E357K,
8364K and S400C substitutions and the second CH3 domain comprises L3510, K370D, and
N390C substitutions, or the first CH3 domain comprises L3510, K370D, and N390C
substitutions and the second CH3 domain comprises E337K, 8364K and S400C substitutions.
[8#539] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody} comprises: a first polypeptide comprising a first CH3 domain and a second
polypeptide comprising a second CH3 domain, wherein the first CH3 domain comprises D356K,
E357K, $364K and S400C substitutions and the second CH3 domain comprises 1.351D, K370D,
N390C and K439D substitutions, or the first CH3 domain comprises L3510, K370D, N390C
and K439D substitutions and the second CH3 domain comprises D356K, E337K, 8364K and
S400C substitutions.

[85408] In some embodiments, the multispecific antibody {e.g., the activatable multispecific

antihody) comprises: a first polypeptide comprising a first CH3 domain and a second
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polypeptide comprising a second CH3 domain, wherein the first CH3 domain comprises D356K,
E357K, 8364K and N390C substitutions and the second CH3 domain comprises L351D, K370D,
K439 and S400C substitutions, or the first CH3 domain comprises L3510, K370D, K439D and
S400C substitutions and the second CH3 domain comprises D356K, E357K, 8364K and N390C
substitutions.

[6541] In some embodiments, the multispecific antibody {e.g., the activatable multispecific
antibody} comprises an 1gG Fc region that comprises the engineered CH3 domains. The Fe
region may be derived from any suitable Fe subclasses, including, but not hmited to, 1gGl, 1gG2,
1gG3, and IgG4 subclasses.

[8542] Exemplary polypeptide sequences of CH3 domains {(or Fe regions) comprising the
engineered disulfide bond(s) and/or salt bridge(s) described herein include SEQ ID NOs: 1-28.
[6543] In some embodiments, the multispecific antibody (e.g ., the activatable multispecific
antibody) comprises: a first polypeptide comprising the amino acid sequence of SEQ ID NO: 1,
and a second polypeptide comprising the amino acid sequence of SEQ ID NO: 2. In some
embodiments, the multispecific antibody comprises: a first polypeptide comprising the amino
acid sequence of SEQ ID NQO: 3, and a second polypeptide comprising the amino acid sequence
of SEQ ID NO: 4. In some embodiments, the multispecific antibody comprises: a first
polypeptide comprising the anuno acid sequence of SEQ 1D NO: 5, and a second polypeptide
comprising the amino acid sequence of SEQ 1D NO: 6. In some embodiments, the multispecific
antibody comprises: a first polypeptide comprising the amino acid sequence of SEQ D NO: 7,
and a second polypeptide comprising the amino acid sequence of SEQ ID NG 8. In some
embodiments, the multispecific antibody comprises: a first polypeptide comprising the amino
acid sequence of SEQ IID NO: 9, and a second polypeptide comprising the amino acid sequence
of SEQ 1D NO: 10. In some embodiments, the multispecific antibody comprises: a first
polypeptide comprising the amino acid sequence of SEQ ID NO: 11, and a second polypeptide
comprising the amino acid sequence of SEQ ID NO: 12, In some embodiments, the muliispecific
antibody comprises: a first polypeptide comprising the amino acid sequence of SEQ ID NGO 13,
and a second polypeptide comprising the amino acid sequence of SEQ ID NO: 14. In some
embodiments, the multispecific antibody comprises: a first polypeptide comprising the amino
acid sequence of SEQ ID NO: 15, and a second polypeptide comprising the amino acid sequence

of SEQ ID NG: 16. In some embodiments, the multispecific antibody comprises: a first
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polypeptide comprising the amino acid sequence of SEQ 1D NO: 17, and a second polypeptide
comprising the amino acid sequence of SEQ 1D NO: 18, In some embodiments, the multispecific
antibody comprises: a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 19,
and a second polypeptide comprising the amino acid sequence of SEQ 1D NG: 20. In some
embodiments, the multispecific antibody comprises: a first polypeptide comprising the amino
acid sequence of SEQ 1D NO: 21, and a second polypeptide comprising the amino acid sequence
of SEQ D NO: 22, In some embodiments, the multispecific antibody comprises: a first
polypeptide comprising the amino acid sequence of SEQ 1D NO: 23, and a second polypeptide

comprising the ammo acid sequence of SEQ ID NG: 24,

Cysteine muiations
[6544] In some embodiments, the multispecific antibodies described herein (e.g , the activatable
multispecific antibodies described herein) comprise a first polyvpeptide comprising a first CH3
domain and a second polypeptide comprising a second CH3 domain, wheren the first CH3
domain comprises a first engineered cysteine residue and the second CH3 domain comprises a
second engineered cysteine residue, wherein the first engineered cysteine residue and the second
cysteine residue form a disulfide bond.
[6545] In some embodiments, the first CH3 domain comprises a C at position 390 and the
second CH3 domain comprises a C at position 400, or the first CH3 dormain comprises a C at
posttion 400 and the second CH3 domain comprises a C at position 390. In some embodiments,
the first CH3 domain comprises N390C substitution and the second CH3 domain comprises
S400C substitation, or the first CH3 domain comprises S400C substitution and the second CH3
domain comprises N390(C substitution.
[6546] In some embodiments, the first CH3 domain comprises a C at position 392 and the
second CH3 domain comprises a { at position 397, or the first CH3 domain comprises a C at
position 397 and the second CH3 domain comprises a C at position 392. In some embodiments,
the first CH3 domain comprises K392C substitution and the second CH3 domain comprises
V397C substitution, or the first CH3 domain comprises Y397C substitution and the second CH3
domain comprises K392C substitution.
[6547] In some embodiments, the first CH3 domain comprises a C at position 392 and the
second CH3 domain comprises a C at position 400, or the first CH3 domain comprises a C at

position 400 and the second CH3 domain comprises a C at position 392, In some embodiments,
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the first CH3 domain comprises K392C substitution and the second CH3 domain comprises
S400C substitution, or the first CH3 domain comprises S400C substitution and the second CH3

domain comprises K392 substitution.

Sailt bridge mutations
[6348] In some embodiments, the multispecific antibodies described herein (e.g , the activatable
multispecific antibodies described herein} comprise a first polypeptide comprising a first CH3
domain and a second polypeptide comprising a second CH3 domain, wherein the first CH3
domain comprises an engineered positively charged residue and the second CH3 domain
comprises an engineered negatively charged residue, wherein the engineered positively charged
residue and the engineered negatively charged residue form a salt bridge. The engineered salt
bridge may introduce new salt bridges between the CH3 domains, rearrange a salt-bridge
network among two or more amino acid residues, or reverse the charges on the amine acid
residues forming the salt bridge (7.e., “1uverse” a salt bridge) with respect to wildtype CH3
domains. In some embodiments, the engimeered positively charged residue substitutes a
negatively charged residue in a wildtype CH3 domain with a posttively charged residue. In some
embodiments, the engimeered negatively charged residue substitutes a positively charged residue
i a wildtype CH3 domain with a negatively charged residue. The rearranged and inversed salt
bridges may result in changes in the soelectric points (P} of the heterodimner and the homodimer
comprising the engineered CH3 domains, thereby allowing better separation of the heterodimer
from the homodimer mn a purification process.
[(549] In some embodiments, the first CH3 domain comprises a positively charged restdue at
position 357 and the second CH3 domatn comprises a negatively charged residue at position 351,
or the first CH3 domain comprises a negatively charged residue at position 351 and the second
CH3 domain comprises a positively charged residue at position 357, In some embodiments, first
{H3 domain comprises a K at position 357 and the second CH3 domain comprises a b at
position 351, or the first CH3 domain comprises a D at position 351 and the second CH3 domain
comprises a K at position 357, In some embodiments, first CH3 domain comprises a K at
position 357 and the second CH3 domain comprises an E at position 351, or the first CH3
domain comprises an F at position 351 and the second CH3 domain comprises a K at position
357. In some embodiments, first CH3 domain comprises an R at position 357 and the second

CH3 domain comprises a D at position 351, or the first CH3 domain comprises a I at position
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351 and the second CH3 domain comprises an R at position 357. In some embodiments, first
CH3 domain comprises an R at position 357 and the second CH3 domain comprises an E at
position 351, or the first CH3 domain comprises an E at position 351 and the second CH3
domain comprises an R at position 357, In some embodiments, the first CH3 domain comprises
E357K substitution and the second CH3 domain comprises L3510 substitution, or the first CH3
domain comprises L3510 substitution and the second CH3 domain comprises E357K
substitution.

[8556] In some embodiments, the first CH3 domain comprises a positively charged residue at
posttion 411 and the second CH3 domain comprises a negatively charged residue at position 370,
or the first CH3 domain comprises a negatively charged residue at position 370 and the second
CH3 domain comprises a positively charged residue at position 411, In some embodiments, first
CH3 domain comprises a K at position 411 and the second CH3 domain comprises a [ at
posttion 370, or the first CH3 domain comprises a D at position 370 and the second CH3 domain
comprises a K at position 411, In some embodiments, first CH3 domain comprises a K at
posttion 411 and the second CH3 domain comprises an E at position 370, or the furst CH3
domain comprises an E at position 370 and the second CH3 domain comprises a K at position
411. In some embodiments, first CH3 domain comprises an R at position 411 and the second
CH3 domain comprises a D at position 370, or the first CH3 domain comprises 3 D at position
370 and the second CH3 domain comprises an R at position 411, In some embodiments, first
CH3 domain comprises an R at position 411 and the second CH3 domain comprises an E at
position 370, or the first CH3 domain comprises an E at position 370 and the second CH3
domain comprises an R at position 411. In some embodiments, the first CH3 domain comprises
T411K substitution and the second CH3 domain comprises K370D substitution, or the first CH3
domain comprises K370D substitution and the second CH3 domain comprises T411K
substitution.

(83517 In some embodiments, the first CH3 domain comprises a positively charged residue at
position 364 and the second CH3 domain comprises a negatively charged residue at position 370,
or the first CH3 domain comprises a negatively charged residue at position 370 and the second
(CH3 domain comprises a positively charged residue at position 364, In some embodiments, first
CH3 domain comprises a K at position 364 and the second CH3 domain comprises a D at

position 370, or the first CH3 domain comprises a D at position 370 and the second CH3 domain
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comprises a K at position 364. In some embodiments, first CH3 domain comprises a K at
posttion 364 and the second CH3 domain comprises an E at position 370, or the first CH3
domain comprises an E at position 370 and the second CH3 domain comprises a K at position
364. In some embodiments, first CH3 domain comprises an R at position 364 and the second
CH3 domain comprises a D at position 370, or the first CH3 domain comprises a D at position
370 and the second CH3 domain comprises an R at position 364. In some embodiments, first
CH3 domain comprises an R at position 364 and the second CH3 domain comprises an E at
position 370, or the first CH3 domain comprises an E at position 370 and the second CH3
domain comprises an R at position 364, In some embodiments, the first CH3 domamn comprises
S364K substitution and the second CH3 domain comprises K370D substitution, or the first CH3
domain comprises K37013 substitution and the second CH3 domain comprises S364K
substitution.

(65527 In some embodiments, the first CH3 domain comprises a positively charged residue at
position 356 and the second CH3 domain comprises a negatively charged residue at position 439,
or the first CH3 domain comprises a negatively charged residue at position 439 and the second
CH3 domain comprises a positively charged residue at position 356. In some embodiments, first
CH3 domain comprises a K at position 356 and the second CH3 domain comprises a B at
position 439, or the first CH3 domain comprises a D at position 439 and the second CH3 domain
comprises a K at position 356, In some embodiments, first CH3 domain comprisesa K at
position 356 and the second CH3 domain comprises an E at position 439, or the first CH3
domain comprises an E at position 439 and the second CH3 domain comprises a K at position
356. In some embodiments, first CH3 domain comprises an R at position 356 and the second
CH3 domain comprises a D at position 439, or the first CH3 domain comprises a D at position
439 and the second CH3 domain comprises an R at position 356, In some embodiments, first
CH3 domain comprises an R at position 356 and the second CH3 domain comprises an E at
position 439, or the first CH3 domain comprises an E at position 439 and the second CH3
domain comprises an R at position 356. In some embodiments, the first CH3 domain comprises
D356K substitution and the second CH3 domain comprises K439D substitution, or the first CH3
domain comprises K439 substitution and the second CH3 domain comprises D356K

substitution.

i95



WO 2022/171192 PCT/CN2022/076000

[B353] Any of the engineered salt bridges described herein may be combined with each other. In
some embodiments, the first CH3 domain comprises a positively charged residue at position 357
and a positively charged residue at position 411 and the second CH3 domain comprises a
negatively charged residue at position 351 and a negatively charged residue at position 370, or
the first CH3 domain comprises a negatively charged residue at position 351 and a negatively
charged residue at position 370 and the second CH3 domain comprises a positively charged
residue at position 357 and a positively charged residue at position 411, In some embodiments,
the first CH3 domain comprises E357K and T411K substitutions and the second CH3 domain
comprises L351D and K370D substitutions, or the first CH3 domain comprises L351D and
K370D substitutions and the second CH3 domain comprises E357K and T411K substitutions.
[8554] In some embodiments, the first CH3 domain comprises a positively charged residue at
position 357 and a positively charged residue at position 364 and the second CH3 domain
comprises a negatively charged residue at position 351 and a negatively charged residue at
position 370, or the first CH3 domain comprises a negatively charged residue at position 351 and
a negatively charged residue at position 370 and the second CH3 domain comprises a positively
charged residue at position 357 and a positively charged residue at position 364, In some
embodiments, the first CH3 domain comprises E357K and 8364K substitutions and the second
CH3 domain comprises L3510 and K370D substitutions, or the first CH3 domain comprises
L.351D and K370D substitutions and the second CH3 domai comprises E357K and $364K
substitutions.

[6555] In some embodiments, the first CH3 domain comprises a positively charged residue at
position 356, a positively charged residue at posttion 357, and a positively charged residue at
position 364 and the second CH3 domain comprises a negatively charged residue at position 351,
a negatively charged residue at position 370, and a negatively charged residue at position 439, or
the first CH3 domain comprises a negatively charged residue at position 351, a negatively
charged residue at posiiton 370, and a negatively charged residue at position 439 and the second
(CH3 domain comprises a positively charged residue at position 356, a positively charged residue
at position 3537, and a positively charged residue at position 364. In some embodiments, the first
CH3 domain comprises D356K, E357K and S364K substitutions and the second CH3 domain
comprises L351D, K370D and K439D substitutions, or the first CH3 domain comprises L3510,

196



WO 2022/171192 PCT/CN2022/076000

K370D and K439D sebstitutions and the second CH3 domain comprises 356K, E357K and
$364K substitutions.

Other mutations
[8556] The CH3 domains or the Fc regions described herein may further comprise engineered

disulfide bonds and/or salt bridges listed in Table ¥ below.

TABLE F. Exemplary Fc mutations.

Mutation(s) in {irst polypeptide chain

Mutation(s) in second polypeptide chain

F403L

K400R

5364H, FA05A

Y349T, T394F

S364K, E357Q

L.368D, K370S

T366W

3665, L368A, Y407V

5354C, T366W

Y349C, T366S, L368A, Y407V

T35§, L351, F405, Y407

T3501s T350V, T3501, T3SOL or T350M
3511 L351Y

F450 is F450A, F450V, F450T or F4508

Y407 is Y407V, Y407 A or Y4071

T35¢, T366, K392, T3%4

T350 1 T3S0V, T350L, T350L or T350M
T366 1s T366L, T3661, T366V or T366M
K392 is K392F, K392L or K392M

T394 is T394W

D399K, E356K

K409D, K392D

D221E, P228E, L368E

D221R, P228R, K409R

C223E, E225E, P228E, L.368E

C223R, E225R, P228R, K409R

H435R

None

K196Q, S228P, F296Y, E356K, R409K,
H435R, 1445pP

K1960, S228P, F296Y, R409K, K439E, 1.445P

K400W D399V/F405T
K360E Q347R
Y349C/K360E/K400W 347R/8354C/D399V/F405T
K360E/K409W Q347R/D399V/F405T

Y 3498/K409W B357TW/D390V/F405T
Y3498/S354C/KA00W Y349C/E35TW/D390V/FA05T
T366K L351D
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Y349E or D and L368E L351D

Y349C/T366W D356CIT366S/36RAY A0TV/FA05K
Y349/ T366W/F405K D356CIT3668/L368A/Y407V
Y349C/T366W/K409E D336C/T3665/L368A/Y 407V /F405K
Y349C/T366W/K400A D336C/T3665/L368A/Y407V/F405K
5364K 1.368D

S5364K K3708

F405K K409F

F405R K409F

S364K/K409F L368D/F405R

5364K/K409F K370S5/F405R

S364K/K409W K370S/F405R

K370E or E356K and K409R E357K and K409R or K370E
354/364/407 347/349/35(0/351/366/368/370/407
349 351/354/357/360/364/366/368/407
P395K/P396K/V3STK T394D/P395D/P396D
FA4O05E/Y407E/K409E F405K/Y407K
M42RS/MN4A345/Y436H H435R

[8557] In some embodiments, the first CH3 domain further comprises a C at position 392 and
the second CH3 domain comprises a C at posttion 399, or the first CH3 domain comprises a C at
position 399 and the second CH3 domain comprises a C at position 392 In some embodiments,
the first CH3 domain further comprises K392C substitution and the second CH3 domain further
comprises D399C substitution, or the first CH3 domain further comprises D399C substitution
and the second CH3 domain further comprises K392( substitution.

[B558] In some embodiments, the first CH3 domain further comprises a C at position 394 and
the second CH3 domain comprises a C at position 354, or the first CH3 domain comprises a C at
position 354 and the second CH3 domain comprises a C at position 394, In some embodiments,
the first CH3 domain further comprises Y394C substitution and the second CH3 domain further
comprises 8354C substitution, o the first CH3 domain further comprises 8354 substitution and
the second CH3 domain further comprises Y394C substitution.

[8359] In some embodiments, the first CH3 domain further comprises a C at position 356 and

the second CH3 domain comprises a C at position 349, or the first CH3 domain comprises a C at
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position 349 and the second CH3 domamn comprises a C at position 356. In some embodiments,
the first CH3 domain further comprises 3356C substitution and the second CH3 domain further
comprises Y349C substitution, or the first CH3 domain further comprises Y349( substitution
and the second CH3 domain further comprises D356 substitution.

[0566] In some embodiments, the first CH3 domain further comprises K392D and K409D
substitutions and the second CH3 domain further comprises D356K and D399K substitutions, or
the first CH3 domain further comprises D356K and D399K substitutions and the second CH3
domain further comprises K392D and K409D substitutions.

(65617 In some embodiments, the first CH3 domain further comprises L368D and K3708
substitutions and the second CH3 domain further comprises E3537Q and S364K substitutions, or
the first CH3 domain further comprises E357Q and S364K substitutions and the second CH3
domain turther comprises L368D and K370S substitutions.

[6562] In some embodiments, the first CH3 domain further comprises L351K and T366K
substitutions and the second CH3 domain further comprises L3510 and L368E substitutions, or
the first CH3 domain further comprises L351D and L.368E substitutions and the second CH3
domain further comprises L351K and T366K substitutions.

[6563] In some embodiments, the first CH3 domain further comprises P393K, P396K and
V397K substitutions and the second CH3 domain comprises T394D, P395D and P396D
substitutions, or the first CH3 domaim further comprises T394D, P395D and P396D substitutions
and the second CH3 domain further comprises P395K, P396K and V397K substitutions.

[6564] In some embodiments, the first CH3 domain forther comprises FA0SE, Y407E and
K409EF substitutions and the second CH3 domain comprises F405K and Y407K substitutions, or
the first CH3 domain further comprises F405K and Y407K substitutions and the second CH3
domain further comprises F405E, Y407E and K409F substituiions.

[8#565] The multispecific antibodies (e.g., the activatable multispecific antibodies} comprising
engineered CH3 domains disulfide bonds and/or salt bridges described herein may further
comprise one of more knob-into-hole residues. “Knob-into-hole” or “KIH” refers to an approach
known in the art for making bispecific antibodies also known as the “protuberance-into-cavity”
approach (see, e.g., US Pat. No. 5,731,168). In this approach, two immunoglobulin polypeptides
(e.g., heavy chain polypeptides) each comprise an interface. An interface of one immunoglobulin

polypeptide interacts with a corresponding interface on the other immunoglobulin polypeptide,
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thereby allowing the two immunoglobulin polypeptides to associate. These interfaces may be
engineered such that a “knob” or “protuberance” {these terms may be used interchangeably
herem) located in the interface of one immunoglobulin polypeptide corresponds with a “hole” or
“cavity” {these terms may be used interchangeably herein) located in the interface of the other
mmunoglobulin polypeptide. In some embodiments, the hole is of identical or similar size to the
knob and suitably positioned such that when the two interfaces interact, the knob of one mnterface
i positionable in the corresponding hole of the other interface. Without wishing to be bound to
theory, this is thought to stabilize the heteromultimer and favor formation of the heteromultimer
over other species, for example homomultimers. In some ernbodiments, the KIH approach is
used in combination with the engineered disulfide bonds and/or salt bridges described herein to
promote the heteromultimerization of two different immunoglobulin polypeptides, creating a
bispecific antibody comprising two immunoglobulin polypeptides with binding specificities for
different epitopes. In some embodimuents, the CH3 domains of the activatable raultispecific
antibody described herein do not comprise KIH residues.

[6566] In some embodiments, the first CH3 domain further comprises T3368, 1L.368A and
Y407V substitutions and the second CH3 domain further comprises T366W substitution, or the
first CH3 domain further comprises T366W substitution and the second CH3 domain further
comprises T3368, L363A and Y407V substitutions.

[¢567] In some embodiments, the first CH3 domain comprises 1368V and Y407V substitutions
and the second CH3 domain comprises T366W substitution, or the first CH3 domain comprises
T366W substitution and the second CH3 domain comprises L3068V and Y407V substitutions.

K. Multispecific antibodies

[6568] Also provided are multispecific antibodies that correspond to the activatable multispecific
antibodies or masked multispecific antibodies described herein. In some embodiments, the
multispecific antibody is a bispecific antibody or a trispecific antibody. In some embodiments,
the multispecific antibody 1s a BiTE molecule. In some embodiments, the multispecific antibody
is a HER2xCD3 bispecific antibody that specifically binds to HERZ and CD3. In some
embodiments, the multispecific antibody is a CD20xCD3 bispecific antibody that specifically
binds to CD20 and CD3. In some embodiments, the multispecific antibody specifically binds
CD3 with a weak affinity, e g, an ECso of at least 10 nM (e.g., at least 100 nM) as determined by
an BELISA assay {(e.g., as described in Example 5), and/or a Kd of at least S0 nM. In some
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embodiments, the multispecific antibody does not comprise any masking moiety or cleavable
motety. In some embodiments, the multispecific antibody is obtained upon cleavage of the
cleavable moiety or cleavable moieties.
[656%] In some embodiments, there 13 provided a multispecific antibody comprising: a} a first
antigen-binding fragment comprising a YH1 and a VL1 of an anti-CD3 antibody that specifically
binds CD3; and b) a second antigen-binding fragment comprising a VH2 and a VL2 of an
antibody that specifically binds a target antigen {e.g., a tumor antigen, such as HER2, CD20,
TROP2, BCMA, or CD19). In some embodiments, the first antigen-binding fragment s selected
from the group consisting of a Fab, a Fv, a scFab and a scFv. In some embodiments, the second
antigen-binding fragment is selected from the group couvsisting of a Fab, a Fv, a scFab and a
scFv. In some embodiments, the first antigen-binding fragment 1s a Fab and the second antigen-
binding fragment 15 a Fab. In some embodiments, the first antigen-binding fragment is a Fab and
the second antigen-binding tfragment 1s a scFv.
[857¢] In some embodiments, there 15 provided a bispecific T cell engager {(BiTE) molecule
targeting CD3 and a tumor antigen {e.g., HER2, CD20, TROP2, BCMA, or CD19), comprising a
first polypeptide, a second polypeptide and a third polypeptide, wherem:

{1} the first polypeptide comprises a structure represented by the formula:

VHI-CHI-hinge-CH2-first CH3 (Sa);
{11} the second polypeptide comprises a structure represented by the formula:
scFv-hinge-CHZ-second CH3 (5b); and
(111} the third polypeptide comprises a structure represented by the formula:
VLI-CL (5¢);

wherein:

VL1 is a first immunoglobulin light chain variable domain;

/HZ 1s a first immunoglobulin heavy chain variable domain;

scFv is a single-chain variable fragment comprising a second immunoglobulin light chain

variable domain {(VL2Z) and a second immunoglobulin heavy chain variable domain

(VH2),

CL is an immunoglobulin light chain constant domain;

CH1 15 an immunoglobulin heavy chain constant domain 1;

CH?2 is an immunoglobulin heavy chain constant domain 2; and
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hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;
wherein VL and VH associate to form a first Fv that specifically binds the tumor antigen (e.g.,
HER2, CD20, TROP2, BCMA | or CD19); and wherein the scFv specifically binds CD3. In some
embodiments, the scFv binds CD3 with half-maximal binding at a concentration of antibody
(ECs0) that 1s at least 10 nM {e.g., at least 100 nM) as determined by an ELISA assay {e.g., as
described in Example 5). In some embodiments, the scFv binds CD3 with a dissociation constant
(Kd} of at least 50 oM.
[8571] In some embodiments, there i3 provided a bispecific T cell engager (B1TE) molecule
targeting CD3 and a tumor antigen {e.g., HER2, CD20, TROP2, BCMA, or CD19), comprising a
first polypeptide, a second polypeptide, a third polypeptide and a fourth polypeptide, whereimn:

(1) the first polypeptide coraprises a structure represented by the formula:

VHI-CH1-hinge-CH2-first CH3 (6a);
{11) the second polypeptide comprises a structure represented by the formula:
/H2-CHI-hinge~-CH2-second CH3 (6b);
{111} the third polypeptide coraprises a structure represented by the formula:
VLI1-CL {6¢); and
{1v} the fourth polypeptide comprises a structare represented by the formula:
VI2-CL (6d);

wherein:

VLT 1s a first immunoglobulin light chain variable domain;

VH1 is a first immunoglobulin heavy chain variable domain,;

VL2 is a second immunoglobulin light chain variable domain;

VH2 is a second immunoglobulin heavy chain variable domain;

CL 1s an immunoglobulin light chain constant domain;

CH1 is an immunoglobulin heavy chain constant domain 1,

CH?2 is an immunoglobulin heavy chain constant domain 2; and

hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;
wherein VL1 and VH]1 associate to torm a first Fv that specifically binds the tumor antigen (e.g.,
HER2, CH20, TROP2, BCMA, or CD19); and wherein VL2 and VH2 associate to form a second
Fv that specifically binds CD3. In some embodiments, the second Fv binds CD3 with half-
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maximal binding at a concentration of antibody (ECse) that is at least 10 nM (e.g., at least 100
v} as determined by an ELISA assay (¢.g., as described in Example 5). In some embodiments,
the second Fv binds CD3 with a dissociation constant (Kd) of at least SO nM.

[8572] In some embodiments, the scFv or the second Fv comprises a VH2 comprising a CDR-
HI comprising the amino acid sequence of SEQ ID NO: 61, a CDR-HZ comprising the amino
acid sequence of SEQ 1D NO: 62, and a CDR-H3 comprising the amino acid sequence of SEQ
1D NG 63; and/or a VL2 comprising a CDR-L1 comprising the amino acid sequence of SEQ ID
NO: 64, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 65, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NO: 66. Tn some embodiments, the scFv or the
second Fv comprises a VH2 comprising the amino acid sequence of SEQ ID NO: 67, and/or a
VL2 comprising the amuno acid sequence of SEQ ID NO: 68, In some ernbodiments, the sclv
comprises the anmine acid sequence of SEQ ID NG: 79,

[8573] In some embodiments, the scFv or the second Fv comprises a VHZ comprising a CDR-
H1 comprising the amino acid sequence of SEQ ID NO: 390, a CDR-HZ comprising the amino
acid sequence of SEQ 1D NO: 392, and a CDR-H3 comprising the amino acid sequence of SEQ
1D NG: 395; and/or a VL2 comprising a CDR-L1 comprising the amino acid sequence of SEQ
ID NG 397, a CDR-L2 comprising the amino acid sequence of SEQ I NO: 398, and a CDR-L3
comprising the amino acid sequence of SEQ ID NOG: 400, In some embodiments, the scFv or the
second Fv comprises a VHZ comprising the amino acid sequence of SEQ ID NO: 402, and/or a
VL2 comprising the amino acid sequence of SEQ ID NO: 403. In some embodiments, the sckFv
comprises the amino acid sequence of SEQ ID NO: 421,

[8574] In some embodiments, the scFv or the second Fv comprises a VHZ comprising a CDR-
H1 comprising the amino acid sequence of SEQ ID NO: 390, a CDR-H2 comprising the amino
actd sequence of SEQ 1D NO: 394, and a CDR-H3 comprising the amino acid sequence of SEQ
1D NO: 395; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of SEQ 1D
NG 397, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 381, In some embodiments, the scFv or the
second Fv comprises a VH2 comprising the amino acid sequence of SEQ ID NO: 410, and/or a
VL2 comprising the amino acid sequence of SEQ 1D NO: 411, In some embodiments, the scFv

comprises the amino acid sequence of SEQ ID NO: 422
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[B375] In some embodiments, the first Fv specifically binds HER2. In some embodiments, the
first Fv comprises a VH1 comprising an CDR-H1 comprising the amino acid sequence of SEQ
1D NG 69, 2 CDR-H2 comprising the amino acid sequence of SEQ ID NO: 70, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: 71; and/or a VL1 comprising a CDR-L1
comprising the amino acid sequence of SEQ 1D NO: 72, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO: 74, In some embodiments, the first Fv comprises a VHI comprising an CDR-H1 comprising
the amino acid sequence of SEQ ID NO: 423, a CDR-H2 comprising the amino acid sequence of
SEQ ID NO: 424, and a CDR-H3 comprising the ammno acid sequence of SEQ 1D NO: 71;
and/or a VL1 comprising a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 72, a
CDR-1.2 comprising the anmuno acid sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 74, In some embodiments, the first Fv comprises a VH]1
comaprising the amino acid sequence of SEQ 1D NO: 75 and/or a VL1 comprising the amine acid
sequence of SEQ ID NO: 76.

[6576] In some embodiments, the first Fv specifically binds CD20. In some embodiments, the
first Fv comprises a VHI comprising an CDR-H1 comprising the amino acid sequence of SEQ
ID NGO 556, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 557, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO: 558; and/or a VL1 comprising a CDR-
L1 comprising the amino acid sequence of SEQ ID NO: 559, a CDR-L2 comprising the anuno
actd sequence of SEQ 1D NO: 560, and a CDR-L3 comprising the amino acid sequence of SEQ
ID NO: 561, In some embodiments, the first Fv comprises a VHT comprising the amino acid
sequence of SEQ ID NO: 562 and/or a VL1 comprising the amino acid sequence of SEQ 1D NO:
563.

(853777 In some embodiments, the first CH3 domain comprises D3356K, E357K, 8364K and
S400C substitutions and the second CH3 domain comprises L351D, K370D, N390C and K439D
substitutions, or the first CH3 domain comprises L351D, K370D, N390C and K439D
substitutions and the second CH3 domain comprises D356K, E357K, 364K and 8400C
substitutions. In some embodiments, the bispecific T cell engager (BiTE) molecule comprises an
1gG1 Fe region, such as an 1gG1 Fe having an N297A substitution.

[8378] In some embodiments, there is provided a bispecific T cell engager molecule comprising

a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 112, a second
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polypeptide comprising the amino acid sequence of SEQ 11 NO: 113, and a third polypeptide
comprising the amino acid sequence of SEQ 1D NG: 114,

[6579] In some embodiments, there is provided a bispecific T cell engager molecule comprising
a first polypeptide comprising the amino acid sequence of SEQ D NO: 564, a second
polypeptide comprising the amino acid sequence of SEQ D NO: 565, and a third polypeptide
comprising the amino acid sequence of SEQ 1D NG: 566,

[058¢] In some embodiments, there is provided a bispecific T cell engager molecule comprising
a first polypeptide comprising the amino acid sequence of SEQ ID NO: 564, a second
polypeptide comprising the ammo acid sequence of SEQ ID NO: 565, and a third polypeptide
comprising the amino acid sequence of SEQ 1D NO: 568.

[8581] In some embodiments, the multispecific antibody (e.g., the CD20xCD3 BiTE,
HERZxCD3 BITE, TROP2xCD3 BiTE, BCMAxCD3 BiTE, or CD19xCD3 BiTE) is more
highly expressed than a reference antibody (e.g., an anti-CD20, anti-CD3, anti-HER2, anti-
TROP2, anti-BCMA, or anti-CD19 antibody that 1s not in a multispecific format). In some
embodiments, the multispecific antibody (e.g., the CD20xCD3 BiTE, HER2xCD3 BiTE,
TROP2ZxCD3 BiTE, BCMAxCB3 BiTE, or CD19xCD3 BITE} 15 produced to a higher
abundance of protein than a reference antibody {(e.g., an anti-CD20, antiCD3, anti-HER2, anti-
TROP2, anti-BCMA, or anti-CD19 antibody that ts not in a multispecific format). In some
embodiments, the multispecific antibody (e.g., the CD20xCD3 BiTE, HER2xCD3 BiTE,
TROPZxCD3 BITE, BCMAXCE3 BiTE, or CD19xCD3 BiTE) is more likely to be properly
folded than a reference antibody {e.g., an anti-CD20, antiCD3, anti-HER?2, anti-TROPZ, anti-
BCMA, or anti-CD19 antibody that is not in a multispecific format). In some embodiments, the
expression, protein abundance, or level of proper folding compared 0 a reference antibody is
measured under controlled experimental conditions. In some embodiments, the multispecific
antibody is an activatable multispecific antibody. In some embodiments, the multispecific
antibody is an unmasked multispecific antibody.

L. Masked antibodies

[8382] Also provided are masked antibodies. In some embodiments, a masked antibody
comprises any one of the target binding moieties described in Section H. Target binding moiety
(TBM), and any one of the masking moteties described in Section F. Masking Moiety (MM). In

some embodiments, a masked andibody further comprises a cleavable motety. In some
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embodiments, the masked antibody is an activatable antibody. See, Section A. Activatable
multispecific T cell engagers, Section . Activatable anti-CD3 antibodies and Section D.
Activatable anti-HERZ antibodies. In some embodiments, a masked antibody further comprises
a non-cleavable linker

i} Masked anti-CD3 antibodies

[8583] Also provided herein are masked antibodies (“masked anti-CD3 antibodies™) that target
CD3 (e.g., human CD3). The masked antibedies may be derived from any anti-CD3 antibodies
known 1u the art, mcluding, but not himited to, SP34, OK'T3, as well as variants, mutants and
derivatives thereof

[6584] The present application provides masked antibodies, masked antibody fragments, and
polypeptides that target CD3, comprising a masking moiety (MM) comprising an amino acid
sequence selected from the group consisting of SEQ ID NQOs: 35, 417, 585-588, and 597-599,
[8585] The present application also provides masked antibodies, rasked antibody fragments,
and polypeptides that target CD3, comprising a maskiog moiety (MM) comprising the amino
acid sequence of EVGSY (SEQ ID NO: 667) at the N-termious of the MM. Further, the present
application provides masked antibodies, masked antibody fragments, and polypeptides that target
CD3, comprising 2 masking moiety (MM) comprising an amino acid sequence according to
Formuda (IX): PYDDPDCPSHXSDCD X, (SEQ ID NO: 668), wherein X1 is Dor E, and Xz is N
or Q. The present application also provides masked antibodies, masked antibody fragmeuts, and
polypeptides that target CD3, comprising a masking moiety (MM) comprising an amino acid
sequence according to Formula (X X1 XoXaDXaXsCXeXyDXs XX 10U XK1 X 12 (SEQ 1D NO:
669), wherein X1 is Aor B, Xo is A, D, or P, Xsis D, H, or P, Xuis Far P, Xsis Dor P, Xgis D
or P, X7isAor P, Xgis D, N,or P, Xois A, N, or P, Xigis D, H, or S, Xyqis H, P,or Y, and X2
isN,PorY.

a) Masked anti-CD3 antibodies derived from SP34 and low-affinity mutants
[6#586] The present application provides masked antibodies, masked antibody fragments, and

polypeptides that target CD3, comprising a masking moiety (MM}, In some embodiments, the
masked antibody comprises a MM comprising the amino acid sequence of EVGSY (SEQ ID
NO: 667) at the N-terminus of the MM. In some embodiments, the masked antibody comprises a
MM comprising an amino acid sequence according to Formula (IX): PYDDPDCPSHX SDCDX:
(SEQ 1D NO: 668), wherein X is D or E, and X5 is N or Q. In some embodiments, the MM
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comprise an amino acid sequence selected from the group consisting of SEQ 1D NQOs: 35, 417
and 597-599. In some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO:
35, In some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO: 35 or
417,

[6587] In some embodiments, there is provided an antibody light chain comprising a polypeptide
comprising, from N-terminus to C-terminus, a MM, a non-cleavable linked (NCL), and a target
binding moiety (TBM), wherein the MM comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 35, 417, and 597-599; and wherein the TBM comprises a VL
of an anti-CD3 antibody.

[6588] In some embodiments, there 13 provided an antibody heavy chain comprising a
polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a TBM, wherein the
MM comprises an amino acid sequence selected from the group consisting of SEQ ID NQOs: 35,
417, and 597-599; and wherein the TBM comprises a VH of an anti-CD3 antibody.

[858%] In some embodiments, there 15 provided a masked antibody targeting CD3 comprising a
first polypeptide comprising, from N-termunus to C-terminus, a MM, a NCL, and a TBM,
wherein the MM comprises an amine acid sequence selected from the group consisting of SEQ
ID N(s: 35, 417, and 597-599, wherein the MM competes with CD3 to specifically bind the
CD3-binding moiety, wherein the TBM comprises a VL, and the masked antibody further
comprises a second polypeptide comprising a VH; and wherein the masked antibody binds CD3
via the VH and VL.

[658¢] In some embodiments, there 1s provided a masked antibody targeting CD3 comprising a
first polypeptide comprising, from N-terminus to C-termunus, a MM, a NCL, and a TBM,
wherein the MM comprises an amino acid sequence selected from the group consisiing of SEQ
ID NQOs: 35, 417, and 597-599, wherein the MM competes with CD3 to specifically bind the
CD3-binding moiety, wherein the TBM comprises a VH, and the masked antibody further
comprises a second polypeptide comprising a VL, and wherein the masked anttbody binds CD3
via the VH and VL.

[6391] In some embodiments, there is provided a masked antibody targeting CD3 comprising a
first polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a scFv of an
anti-CD3 antibody, wherein the MM comprises an amino acid sequence selected from the group

consisting of SEQ ID NOs: 35, 417, and 597-3599, wherein the MM competes with CD3 to
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specifically bind the CD3-binding moiety; and wherein the masked antibody binds CD3 via the
schv.

[8592] In some embodiments, there is provided a masked antibody targeting CD3 comprising,
from N-terminus to C-terminus, a masking moiety (MM}, a NCL, and a CD3-binding motety,
wherein: a) the CD3-binding moiety comprises a VL and the masked antibody further comprises
a second polypeptide comprising a VH; b) the CD3-binding moiety comprises a VH and the
masked antibody further comprises a second polypeptide comprising a VL; ¢} the CD3-binding
motety comprises from the N-terminus to the C-termunus, a VL and a VH; or d) the CD3-binding
moiety comprise from the N-terminus to the C-terminus, a VH and a VL; wherein the MM
competes with CD3 to specifically bind the CD3-binding moiety; wherein the masked antibody
binds CD3 via the VH and the VL, and wherein the masked antibody binds CD3 with half-
maximnal binding at a concentration of antibody (ECso) that is at least 10 nM {e.g., at least 50 nM,
or at least 100 nM) as determined by an enzyme-linked immunosorbent assay (ELISA). In some
embodiments, the first antigen-binding fragment binds CD3 with a dissociation constant (Kd) of
at Jeast SO oM. In some embodiments, the MM comprises an amino acid sequence selected from
the group consisting of SEQ 1D NQOs: 35, 417, and 597-599.

[6593] Any one of the anti-CD3 antibodies and antigen-binding fragments that competitively
bind to the same epitope as SP34, including anti-CD3 antibodies described 1n Section 1) “Anti-
CD3 antibody” and Tables 58-5H may be used.

[8594] In some embodiments, the TBM {(i.e., CD3 binding moiety} comprises a VH comprising a
CDR-H1 comprising the amino acid sequence of SEQ ID N 61, a CDR-H2 comprising the
amino acid sequence of SEQ 1D NQO: 62, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO: 63; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of SEQ
iD NO: 64, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 65, and a CDR-1L3
comprising the amino acid sequence of SEQ ID NO: 66. In some embodimenis, the CD3 binding
moiety comprises a VH comprising the amino acid sequence of SEQ ID NO: 67 and/ora VL
comprising the amino acid sequence of SEQ 1D NO: 68. In some embodiments, the CD3 binding
motiety is a scFv comprising the amino acid sequence of SEQ ID NO: 79. In some embodiments,
the MM comprises an amino acid sequence selected from the group consisting of SEQ ID NOs:

35, 417 and 597-599.
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[8595] In some embodiments, the TBM (i.e., CD3 binding moiety} comprises a VH comprising a
CDR-HI comprising the amino acid sequence of SEQ ID NO: 390, a CDR-HZ comprising the
amino acid sequence of SEQ [D NO: 392, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO: 395; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of
SEQ ID NG: 397, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 398, and a
CDR-L3 comprising the amino acid sequence of SEQ D NO: 400. In some embodiments, the
CD3 binding moiety comprises a VH comprising the amino acid sequence of SEQ ID NO: 402,
and/or a VL comprising the amino acid sequence of SEQ 1D NO: 403, In some embodiments, the
CD3 binding moiety ts a scFv comprising the amino acid sequence of SEQ ID NO: 421, In some
embodimuents, the MM comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 35, 417 and 597-599.

[6586] In some embodiments, the TBM (i.e., CD3 binding moiety) comprises a VH comprising a
CDR-H1 comprising the amivo acid sequence of SEQ ID NO: 390, s CDR-H2 comprising the
amino acid sequence of SEQ ID NO: 394, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NG: 395; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of
SEQ ID NO: 397, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and a
CDR-L3 compnising the anmino acid sequence of SEQ 1D NO: 381. In some embodiments, the
CD3 binding motety comprises a VH comprising the amino acid sequence of SEQ 1D NO: 4190,
and/or a VL comprising the amino acid sequence of SEQ ID NO: 411, In some embodiments, the
CD3 binding motety is a scFv comprising the amino acid sequence of SEQ 1D NO: 422, In some
embodiments, the MM comprises an amino actd sequence selected from the group consisting of
SEQ 1D NQGs: 35, 417 and 597-599.

[6597] Any one of the masking moieties for anti-CD3 antibodies described herein may be used,
mchuding, for example, the masking moieties of section F, “Masking Moiety (MM}~ and Tables
B, 18-22, 13A and 40. In some embodiments, the MM comprises the amino acid sequence of
SEQ ID NOG: 417, In some embodiments, the MM comprises the amino acid sequence of SEQ 1D
NO: 35, In some embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 597
In some embodiments, the MM comprises the amino acid sequence of SEQ 1D NO: 598. In some
embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 599,

[8398] Any one of the non-cleavable linkers (NCLs) described herein may be used, including,

for example, the cleavable moieties of section I, “Linker”
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[839%] In some embodiments, the masked antibody targeting CD3 is a multispecific antibody,
such as a bispecific antibody. In some embodiments, the masked antibody targeting CD3 is a
bispecific T cell engager (BiTE)} molecule, which also targets a tumor antigen, such as HER2 or
D3

[8600] In some embodiments, the masked antibody comprises a light chain comprising an amino
acid sequence of TY23105, TY23110, TYZ2311S, or TY23118, as shown in Fable 3B, In some
embodiments, the masked antibody comprises a light chain comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 589, 591, 593, and 595 In some
embodiments, the masked antibody comprises a heavy chain comprising an amino acid sequence
of TY23105, TY23110, TY23115, or TY23118, as shown in Table 3D In some embaodiments,
the masked antibody comprises a heavy chain comprising an amino acid sequence selected from
the group consisting of SEQ D NOs: 590, 592, 594, and 596.

b) Masked anti-CD3 antibodies derived from OKT3
(86817 Also provided herein are masked antibodies, masked antibody fragments, and

polvpeptides that target CD3, comprising a masking motety (MM} comprising an amino acid
sequence according to Formula (X): X1 XX DXaXsCXeXyDX XX 10U X 1 X2 (SEQ 1D NO:
669), wherein Xy is Aor B, Xo s A, D, or P, Xsis D H or P Xuis For P, Xsis Dor P, Xeis I
or P, X7 Aor P Xgis D, N, or P 2o s AN, or P, Xipis D, H, or S, Xypis H, PLor Y, and X
is N, P, or Y. In some embodiments, the masked antibody comprises a MM comprising an amino
acid sequence selected from the group consisting of SEQ ID NO: 585-388. In some
embodiments, the MM comprises the anmino acid of SEQ 1D NO: 585, In some embodiments, the
MM comprises the aming acid of SEQ 13 NO: 586. In some embodiments, the MM comprises
the amino acid of SEQ 1D NO: 587. In some embodiments, the MM comprises the amino acid of
SE(Q ID NO: 588,

[8662] In some embodiments, there is provided an antibody light chain comprising a polypeptide
comprising, from N-terminus to C-ternuinus, a MM, a non-cieavable linker (NCL), and a target
binding moiety (TBM), wherein the MM comprises an amino acid sequence selected from the
group consisting of SEQ [ NO: 585-588; and wherein the TBM comprises a VL of an anti-CD3
antibody.

[6663] In some embodiments, there 1s provided an antibody heavy chain comprising a

polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a TBM, wherein the
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MM comprises an amino acid sequence selected from the group consisting of SEQ 1D NO: 585-
588, and wherein the TBM comprises a VH of an anti-CD3 antibody.

[6684] In some embodiments, there is provided a masked antibody targeting CD3 comprising a
first polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a TBM,
wherein the MM comprises an amino acid sequence selected from the group consisting of SEQ
1D NQO: 585-588, wherein the MM competes with CD3 to specifically bind the CD3-binding
moiety, wherein the TBM comprises a VL, and the masked antibody further comprises a second
polypeptide comprising a VH; and wherein the masked antibody binds CD3 via the VH and VL.
[8603] Any one of the anti-CD3 antibodies and antigen-binding fragroents that competitively
bind to the same epitope as OKT3, including anti-CD3 antibodies described in Table 3B may be
used.

[8606] In sore embodiments, there 1s provided a masked antibody targeting CD3 comprising a
first polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a TBM,
wherein the MM comprises an aming acid sequence selected from the group consisting of SEQQ
1D NG: 585-588, wherein the MM competes with CD3 to specifically bind the CD3-binding
moiety, wheremn the TBM comprises a VH, and the masked antibody further comprises a second
polypeptide comprising a VL; and wherein the masked antibody binds CD3 via the VH and VL.
(86871 In some embodiments, there 1s provided a masked antibody targeting CD3 comprising a
first polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a s¢Fv of an
anti-CD3 antibody, wherein the MM comprises an amino acid sequence selected from the group
consisting of 8SEQ 1D NO: 585-588, wherein the MM competes with CD3 to specifically bind the
CD3-binding moiety, and wherein the masked antibody binds D3 via the scFv.

[6608] In some embodiments, a masked antibody is provided comprising, from N-terminus to C-
terminus, a masking moiety (MM), a NCL, and a CD3-binding moiety, wherein: a) the CD3-
binding moiety comprises a VL and the masked antibody further comprises a second polypeptide
comprising a VH; b} the CD3-binding moiety comprises a VH and the masked antibody further
comprises a second polypeptide comprising a VL; ¢} the CD3-binding moiety comprises from
the N-terminus to the C-terminus, a VL and a VH; or d) the CD3-binding moiety comprises from
the N-terminus io the C-terminus, a VH and a VL; and wherein the MM competes with CD3 to

specifically bind the CD3-binding moiety; wherein the masked antihody binds CD3 via the VH
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and the V1, wherein the MM comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 585-588.

[8689] In some embodiments, the anti-CD3 antigen-binding fragment is selected from the group
consisting of a Fab, a Fv, a scFab and a scFv.

[8618] In some embodiments, the TBM (f.e., CD3 binding moiety) comprises a VH comprising a
CDR-H! comprising the amino acid sequence of SEQ ID NO: 368, a CDR-HZ comprising the
amino acid sequence of SEQ [D NO: 369, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO: 370; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of
SEQ ID NO: 371, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 372, and a
CDR-L3 comprising the arino acid sequence of SEQ ID NO: 373, In sorme embodiments, the
CD3 binding moiety comprises a VH comprising the amino acid sequence of SEQ 1D NO: 366,
and/or a VL comprising the amino acid sequence of SEQ 1D NO: 367, In some embodiments, the
MM comprises an amine acid sequence selected from the group consisting of SEQ 1D NQOs: 585-
583.

[@611] Any one of the non-cleavable linkers (NCLs) described herein may be used, including,
for example, the cleavable moieties of section I, “Linker”

[€612] In some embodiments, the masked antibody comprises a light chain comprising an amino
acid sequence of TY23100, TY231061, TY23102, or TY23104, as shown in Table 3C. In some
embodiments, the masked antibody comprises a light chain comprising an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 577, 579, 581, and 583. In some
embodiments, the masked antibody comprises a heavy cham comprising an amino acid sequence
of TY23100, TYZ23101, TY23102, or TY23104, as shown in Table 3C. In some embodiments,
the masked antibody comprises a heavy chain comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 578, 580, 582, and 584.

i, Masked anti-HER2 antibodies

[8613] The present application provides masked antibodies, masked antibody fragments, and
polypeptides that target HER2, comprising a masking moiety (MM} comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 36, 419, 432-476, and 491-515. In
some embodiments, the MM comprises the amino acid sequence of SEQ ID NO: 36 or 419,
[8614] In some embodiments, there is provided an antibody light chain comprising a polypeptide

comprising, from N-terminus to C-terminus, a MM, a non-cleavable linker (NCL), and a target
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binding moiety (TBM), wherein the MM comprises an amino acid sequence selected from the
group consisting of SEQ [ NOs: 36, 419, 432-476, and 491-515; and wherein the TBM
comprises a VL of an anti-HERZ antibody. In some embodiments, the MM comprises the amino
acid sequence of SEQ 1D NO: 36 or 419

[0615] In some embodiments, there is provided an antibody heavy chain comprising a
polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a TBM, wherein the
MM comprises an aming acid sequence selected from the group consisting of SEQ ID NQOs: 36,
419, 432-476, and 491-515, and wherein the TBM comprises a VH of an anti- HERZ antibody. In
some embaodiments, the MM comprises the amino acid sequence of SEQ ID NO: 36 or 419,
[8616] In some embodiments, there 13 provided a masked antibody targeting HERZ2 comprising a
first polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a TBM,
wherein the MM comprises an amino acid sequence selected from the group consisting of SEQ
1D NOs: 36, 419, 432-476, and 491-515, wherein the MM competes with HERZ to specifically
bind the HER2-binding moiety; wherein the TBM comprises a VL, and the masked antibody
further coraprises a second polypeptide comprising a VH; and wherein the masked antibody
binds HER2 via the VH and VL. In some embodiments, the MM comprises the amino acid
sequence of SEQ ID NO: 36 or 419.

[8617] In some embodiments, there 15 provided a masked antibody targeting HER2 comprising a
first polypeptide comprising, from N-terminus to C-termunus, a MM, a NCL, and a TBM,
wherein the MM comprises an amino acid sequence selected from the group consisting of SEQ
ID NQOs: 36, 419, 432-476, and 491-515, wherein the MM competes with HER?2 to specifically
bind the HER2-binding moiety; wherein the TBM comprises a VH, and the masked antibody
further comprises a second polypeptide comprising a VL; and wherein the masked antibody
binds HERZ via the VH and VL. In some embodiments, the MM comprises the amino acid
sequence of SEQ 1D NO: 36 or 419.

[8618] In some embodiments, there is provided a masked antibody targeting HERZ2 comprising a
first polypeptide comprising, from N-terminus to C-terminus, a MM, a NCL, and a s¢Fv and an
anti-HER2 antibody, wherein the MM comprises an amino acid sequence selected from the
eroup consisting of SEQ D NOs: 36, 419, 432-476, and 491-515, wherein the MM competes

with HERZ? to specifically hind the HER2-binding moiety; and wherein the masked antibody
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binds HERZ via the scFv. In some embodiments, the MM comprises the amino acid sequence of
SEQ ID NO: 36 or 419

[6619] Any one of the non-cleavable linkers (NCLs) described herein may be used, including,
for example, the cleavable moieties of section I, “Linker”

[8620] In some embodiments, the TBM (7.e., HER2-binding moiety} comprises a VH comprising
an CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 69, a CDR-HZ comprising the
amino acid sequence of SEQ D NO: 70, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO: 71; and/or a VL comprising 3 CDR-L1 comprising the amino acid sequence of SEQ
1D NO: 72, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 73, and a CDR-L3
comprising the amino actd sequence of SEQ 1D NO: 74,

[8621] In some embodiments, the TBM (7.e., HER2-binding moiety} comprises a VH comprising
an CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 69 or a variant thereof
comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions, a CDR-H2
comprising the amino acid sequence of SEQ ID NG: 70 or a variant thereof comprising up o
about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a CDR-H3 comprising the
amino acid sequence of SEQ I NG: 71 or a variant thereof comprising up to about 3 {such as
about any of 1, 2, or 3) amino acid sebstititions; and/or a VL comprising a CDR-L1 comprising
the amino acid sequence of SEQ ID NG: 72 or a variant thereof comprising up to about 3 {such
as about any of 1, 2, or 3) amino acid substitutions, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 73 or a variant thereof comprising up to about 3 (such as about any of
1, 2, or 3} amino acid substitutions, and a CDR-L3 comprising the anmuno acid sequence of SEQ
i3 NO: 74 or a variant thereof comprising up to about 3 {such as about any of 1, 2, or 3) amino
acid substitutions.

[8622] In some embodiments, the TBM {f.e., HER2-binding moiety} comprises a VH comprising
an CDR-H1 comprising the amino acid sequence of SEQ 1D NG: 423, a CDR-H2 comprising the
amino acid sequence of SEQ D NO: 424, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO: 71; and/or a VL comprising a CDR-L1 comprising the amino acid sequence of SEQ
1D NG: 72, a CDR-L2 comprising the amino acid sequence of SEQ IID NO: 73, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG: 74.

[8623] In some embodiments, the TBM (7.e., HER2-binding moiety} comprises a VH comprising

an CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 423 or a variant thereof
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comprising up to about 3 (such as about any of 1, 2, or 3} amino acid substitutions, a CDR-H2Z
comprising the amino acid sequence of SEQ 1D NG: 424 or a variant thereof comprising up o
about 3 (such as about any of 1, 2, or 3) amino acid substitutions, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO: 71 or a variant thereof comprising up to about 3 (such as
about any of 1, 2, or 3) amino acid substitutions; and/or a VL comprising a CDR-L1 comprising
the amino acid sequence of SEQ ID NO: 72 or a variant thereof comprising up to about 3 (such
as about any of 1, 2, or 3} amino acid substitutions, a CDR-L2 comprising the amino acid
sequence of SEQ ID NO: 73 or a variant thereof comprising up to about 3 (such as about any of
1,2, or 3) amino acid substitutions, and a CDR-L3 comprising the anino acid sequence of SEQ
13 NO: 74 or a variant thereof coraprising up to about 3 (such as about any of |, 2, or 3) amino
acid substitutions,

[8624] In sorwe embodiments, the TBM (7.e., HER2-binding motety) comprises a VH comprising
the amino acid sequence of SEQ ID NO: 75 and/or a VL comprising the amino acid sequence of
SEQ ID NOG: 76,

[#625] In some embodiments, the TBM (7.e., HER2-binding moiety) comprises a VH comprising
an amino acid sequence comprising at least 80% (e.g., at least any one of 835%, 87%, 90%, 91%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more} sequence identity to the ammo acid
sequence of SEQ ID NO: 75 and/or a VL comprising an amino acid sequence comprising at least
&0% (e.g., at least any one of 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, S6%, 97%, 98%,
99%, or more} sequence 1dentity to the amino acid sequence of SEQ ID NO: 76.

[#626] In some embodiments, the masked antibody targeting HERZ 1s a meltispecific antibody,
such as a bispecific antibody. In some embodiments, the masked antibody targeting HER2 s a

bispecific T cell engager (BiTE) molecule, which also targets CD3.

{fl. Variants and derivatives

[6627] Also contemplated herein are variants and derivatives of any one of the multispecific
antibodies, masked antibodies, activatable antibodies, isolated anti-CD3 antibodies or antigen-
binding fragments thereof, and activatable multispecific antibodies described herein.

[6628] In some embodiments, the antibody {e.g., the multispecific and/or activatable antibody)
derivative is derived from modifications of the amino acid sequences of the parent antibody
while conserving the overall molecular structure of the parent antibody. Amino acid sequences of

any regions of the parent antibody chains may be modified, such as framework regions, CDR
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regions, or constant regions. Types of modifications include substitutions, insertions, deletions,
or combinations thereof, of one or more amino acids of the parent antibody.

[8629] In some embodiments, the antibody {e.g., the multispecific and/or activatable antibody)
derivative comprises 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 conservative or non-
conservative substitutions, and/or 1, 2, 3,4, 5,6, 7, 8 9, 10, 11, 12, 13, 14, or 15 additions and/or
deletions to an amino acid sequence of an antibody described herein. In some embodiments, the
antibody {e.g., activatable antibody) derivative comprises 1, 2, or 3 conservative or non-
congervative substitutions in any one of CDR-HI, CDR-H2, CDR-H3, CDR-L1, CDR-L2 and/or
CDR-L3 of an antibody described herein. In some embodiments, the antibody (e.g., the
multispecific and/or activatable antibody) derivative comprises 1,2, 3,4, 5,6,7,8, 9,10, 11, 12,
13, 14, or 15 conservative or non-conservative substitutions, additions and/or deletions to the VH
and/or VL of an antibody described herein. In some embodiments, the antibody {e.g., the
multispecitic and/or activatable antibody) derivative comprises a sequence having at least 80%
(e.g., at least any one of 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more) identity to 3 VH and/or VL. sequence of an antibody described herein.

[863¢] Amino acid substitutions encompass both conservative substitutions and non-
conservative substitutions. The term "conservative amino acid substitution” means a replacement
of one amino acid with another ammo acid where the two amino acids have similarity n certamm
physico-chemical properties such as polanty, charge, solubility, hydrophobicity, hydrophilicity,
and/or the amphipathic nature of the residues involved. For example, substitutions typically may
be made within each of the following groups: {a} nonpolar (hydrophobic) amino acids, such as
alanine, leucine, 1soleucine, valing, proline, phenyvlalanine, tryptophan, and methionine; (b} polar
neutral amino acids, such as glycine, serine, threonine, cysteing, tyrosine, asparagine, and
slutamine; {c} positively charged (basic) amino acids, such as arginine, lysine, and histidine; and
{ d} negatively charged (acidic) amino acids, such as aspartic acid and glutamic acid.

(86317 The modifications may be made in any positions of the amino acid sequences of an
antibody, including the CDRs, framework regions, or constant regions. In some embodiments,
the present application provides an antibody derivative that contains the VH and VL CDR
sequences of an illustrative antibody described herein, yet contains framework sequences
different from those of the illustrative antibody. Such framework sequences can be obtained from

public DNA databases or published references that include germline antibody gene sequences.
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For example, germline DNA sequences for human heavy and light chain variable region genes
can be found in the Genbank database or in the "VBase" human germline sequence database
{(Kabat et al , Sequences of Proteins of lmmunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication Ne. 91-3242 (1991}, Tomlinsen et al , J. Mal Biol
227:776-798 (1992); and Cox et al,, Eur J. Immunol. 24:827-836 {1994)). Framework sequences
that may be used in constructing an antibody derivative include those that are structurally similar
to the framework sequences used by illustrative antibedies of the application For example, the
CDR-HI, CDR-H2, and CDR-H3 sequences, and the CDR-L1, CDR-L2, and CDR-L3 sequences
of an illustrative antibody can be grafted onto framework regions that have the identical
sequence as that found n the germline immunoglobulin gene from which the framework
sequence derive, or the CDR sequences can be grafted onto framework regions that contain one
or more mutations as compared to the germline sequences.

[6632] In some embodiments, the antibody derivative i1s a chimeric antibody, which comprises
an amino acid sequence of an 1Hustrative antibody described herein. In one example, one or more
CDRs from one or more 1lustrative antibodies are combined with CDRs from an antibody from
a non-human animal, such as mouse or rat. In another example, all of the CDRs of the chimeric
antibody are derived from one or more illustrative antibodies. In some particular embodiments,
the chimeric antibody comprises one, two, or three CDRs from the heavy cham vanable region
and/or one, two, or three CBRs from the light chain variable region of an illustrative antibody.
Chimeric antibodies can be generated using conventional methods known in the art.

[6633] Another type of modification is to mutate amino acid residues within the CDR regions of
the VH and/or VL chain. Site-directed mutagenesis or PCR-mediated mutagenesis can be
performed to introduce the mutation{s} and the effect on antibody binding, or other functional
property of interest, can be evaluated in in vitro or in vivo assays known in the art. Typically,
conservative substitutions are introduced. The mutations may be amino acid additions and/or
deletions. Moreover, typically no more than one, two, three, four or five residues within a CDR
region are altered. In some embodimenis, the antibody derivaiive comprises 1, 2, 3, or 4 amino
acid substitutions in the heavy chain CDRs and/or in the light chain CDRs. In another
embodiment, the amino acid substitution 1s to change one or more cysteines in an antibody to
another residue, such as, without limitation, alanine or serine. The cysteine may be a canonical or

-~

non-canonical cysteine. In some embodiments, the antibody derivative has 1,2, 3, or 4
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conservative amino acid substitutions in the heavy chain CDR regions relative to the amino acid
sequences of an illustrative antibody.

[8634] Modifications may also be made to the framework residues within the VH and/or VL
regions. Typically, such framework variants are made to decrease the immunogenicity of the
antibody. One approach is to "back mutate" one or more framework residues to the
corresponding germline sequence. An antibody that has undergone somatic mutation may contain
framework residues that differ from the germline sequence from which the antibody is derived.
Such residues can be identified by comparing the antibody framework sequences to the germline
sequences from which the antibody is derived. To return the framework region sequences to their
germline configuration, the somatic mutations can be "back mutated” to the germline sequence
by, for example, site-directed mutagenesis or PCR-mediated mutagenesis.

[8635] In addition, modifications may also be made within the Fe region of an illustrative
antibody, typically to alter one or more functional properties of the antibody, such as serum
half-life, complement fixation, Fe receptor binding, and/or antigen-dependent cellular
cytotoxicity. In one example, the hinge region of CH1 is modified such that the namber of
cysteine residues in the hinge region is altered, e.g., increased or decreased. This approach is
described further in U.S. Pat. No. 5,677,425, The number of cystemne residues in the hinge region
of CH1 15 altered to, for example, facilitate assembly of the light and heavy chains or to increase
or decrease the stability of the antibody. In another case, the F¢ hinge region of an antibody 1s
mutated to decrease the biological half-life of the antibody.

[6#636] In some embodiments, the Fe region of the antibody (e.g., the multispecific and/or
activatable antibody) described herein has at least one {e.g., at least one, two or three or more)
amino acid substitution in addition to the amino acid substitutions that form engineered disulfide
bonds or salt bridges as described herein compared to the Fc region of a wild-type 1gG or a wild-
type antibody. In some embodiments, the Fc region has at least 80%, at least 85%, at least 90%,
at least 95% or more homology with a native sequence Fc region and/or with an Fc region of a
parent polypeptide.

[8637] Furthermore, the Fc region may be modified to alter its potential glycosylation site or
pattern in accordance with routine experimentation known in the art. In another aspect, the
present application provides a derivative of an antibody (e.g., the multispecific and/or activatable

antibody) described herein that contains at least one mutation in a variable region of a light chain
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or heavy chain that changes the pattern of glycosylation in the variable region. Such an antibody
derivative may have an mcreased affinity and/or a medified specificity for binding an antigen.
The mutations may add a novel glycosylation site in the V region, change the location of one or
more V region glycosylation site(s), or remove a pre-existing V region glycosylation site. In
some embodiments, the present application provides a derivative of an antibody described herein
having a potential N-linked glycosylation site at asparagine in the heavy chain variable region,
wherein the potential N-linked glyceosylation site in one heavy chain vaniable region is removed.
Tn some embodiments, the present application provides a derivative of an antibody described
herein having a potential N-linked glycosylation site at asparagine in the heavy chain variable
region, wherein the potential N-linked glycosylation site in both heavy chain variable regions 1s
removed. Method of altering the glycosylation pattern of an antibody 1s known in the art, such as
those described 1n UK. Pat. No. 6,933,368, the application of which incorporated herein by
reference.

[8638] In some embodiments, the antibodies described heren (e.g., multispecific antibodies
and/or activatable antibodies} may be 10 any class, such as IgG, IgM, Igl, IgA, or IgD. In some
embodiments, the activatable antibodies described herein {e.g., a CD3 and/or HERZ antibody)
are in the Ig( class, such as IgGl, TeG2, 123, or Ig(G4 subclass. An antibody described herein
antibody can be converted from one class or subclass to another class or subclass using methods
known in the art. An exemplary method for producing an antibody in a desired class or subclass
comprises the steps of isolating a nucleic acid encoding a heavy chain of an antibody described
herein {e.g., multispecific and/or activatable antibody} and a nucleic acid encoding a light chain
of an antibody described herein {e.g., multispecitic and/or activatable antibody}, isolating the
sequence encoding the VH region, ligating the VH sequence to a sequence encoding a heavy
chain constant region of the desired class or subclass, expressing the light chain gene and the
heavy chain construct in a cell, and collecting the antibody.

[8639] Antibody variants are also provided with amino-terminal leader extensions. For example,
one or more amino acid residues of the amino-terminal leader sequence are present at the amino-
terminus of any one or more heavy or light chains of an antibody.

[8640] The antibodies (e.g., multispecific and/or activatable antibodies) described herein may be

further modified. In some embodiments, the antibody is linked to an additional molecular entity.
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Examples of additional molecular entities include pharmaceutical agents, peptides or proteins,
detection agent or labels, and antibodies.

[8641] In some embodiments, an antibody (e.g., a multispecific and/or activatable antibody) of
the present application 1s linked to a pharmaceutical agent. Examples of pharmaceutical agents
mnclude cytotoxic agents or other cancer therapeutic agents, and radioactive 1sotopes. Specific
examples of cytotoxic agents include taxol, cytochalasin B, gramicidin D, ethadium bromide,
emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin,
daunorubicin, dibydroxy anthracin dione, mitoxantrone, nuthramycin, actinomycin B, 1-
dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromyein
and analogs or homologs thereof. Therapeutic agents also include, for example, antimetabolites
(e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouraci decarbazine),
alkvlating agents {e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU)
and lomustine (CCNU}, eyclothosphamide, busulfan, dibrornomannutol, streptozotocin,
mitorayein C, and cis-dichlorodiamine platinum (1) (DDP) cisplatin}, anthracyclines {(e.g.,
daunorubicin (formerly daunomyein) and doxorubicin}, antibiotics {e.g., dactinomyein (formerly
actinomycin), bieomyein, miuthramycein, and anthramycin (AMC)), and anti-mutotic agents {e.g.,
vincristine and vinblastine). Examples of radioactive 1sotopes that can be conjugated to
antibodies for use diagnostically or therapeutically include, but are not timited to, 10dinel31,
mdiumry, yitrium90 and lutetium 177, Methods for inking a polypeptide to a pharmaceutical
agent are known in the art, such as using various linker technologies. Examples of linker types
melude hydrazones, thioethers, esters, disulfides and peptide-containing linkers. For further
discussion of linkers and methods for linking therapeutic agents to anitbodies see e.g., Saito et
al., Adv. Drug De/iv. Rev. 55:199-215 (2003); Trail, et al., Cancer Immunol. Immunother.
52:328-337 (2003); Payne, Cancer Cell 3:207-212 {2003); Allen, Nat. Rev. Cancer 2:750-763
{2002); Pastan and Kreitman, Curr. Opin. Investig. Drugs 3: 1089-1091 {2002); Senter and
Springer {2001) Adv. Drug De/iv. Rev. 53:247-264.

[8642] In some embodiments, an antibody {e.g., a multispecific and/or activatable antibody) of
the present application is conjugated to a label and/or a cytotoxic agent. As used herein, a label
is a moiety that facilitates detection of the antibody and/or facilitates detection of a molecule to
which the antibody binds. Nonlimiting exemplary labels include, but are not imited to,

radioisotopes, fluorescent groups, enzymatic groups, chemiluminescent groups, biotin, epitope
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tags, metal-binding tags, efc. One skilled in the ast can select a suitable label according to the
mtended application.

[0643] As used herein, a cytotoxic agent is a moiety that reduces the proliferative capacity of one
or more cells. A cell has reduced proliferative capacity when the cell becomes less able to
proliferate, for example, because the cell undergoes apoptosis or otherwise dies, the cell fails to
proceed through the cell cycle and/or fails to divide, the cell differentiates, efc. Nonlimiting
exemplary cytotexic agents include, but are not limited to, radicisotopes, toxins, and
chemotherapeutic agents. One skilled in the art can select a suitable cytotoxic according to the
mtended application.

[6644] In some embodiments, a label and/or a cytotoxic agent is conjugated to an antibody using
chemical methods in vitro. Nonlimiting exemplary chemical methods of conjugation are known
in the art, and include services, methods and/or reagents commercially available from, e.g.,
Thermo Scientific Life Science Research Produces (formerly Pierce; Rockford, 1L}, Prozyme
(Hayward, Calif ), SACRI Antibody Services {Calgary, Canada), AbD Serotec (Raleigh, N.C.},
efc. In some embodiments, when a label and/or cytotoxic agent 1s a polypeptide, the label and/or
cytotoxic agent can be expressed from the same expression vector with at least one antibody
chain to produce a polypeptide comprising the label and/or cytotoxic agent fused to an antibody
chain. One skilled in the art can select a suitable method for conjugating a label and/or cytotoxic

agent to an antibody according to the intended application,

IV,  Methods of preparation

[€645] In one aspect, the present application provides methods for preparing the multispecific
antibodies, masked antibodies, activatable antibodies, 1solated anti-CD3 antibodies or antigen-
binding fragments thereof, and activatable multispecific antibodies described herein. For
example, methods for preparing a multispecific antibody, masked antibody, activatable antibody,
isolated anti-CD3 antibody or antigen-binding fragment thereof, or activatable multispecific
antibody comprises culturing a host cell comprising one or more nucleic acid{(s} or vector(s} that
encode the multispecific antibody, masked antibody, activatable antibody, anti-CD3 antibody or
antigen-binding fragment thereof, or activatable multispecific antibody under conditions that
allow expression of the nucleic acid(s} or vector, and recovering the multispecific antibody,
masked antibody, activatable antibody, anti-CD3 antibody or antigen-binding fragment thereof,

or activatable multispecific antibody from the host cell culture are provided.
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[8646] Polypeptides {e.g., any of the multispecific antibodies, masked antibodies, activatable
antibodies, isolated anti-CD3 antibodies or antigen-binding fragments thereof, and activatable
multispecific antibodies described herein) of the present application may be produced using
recombinant methods and compositions, e.g., as described in U.S. Patent No. 4,816,567, In some
embodiments, isolated nucleic acids encoding any or the polypeptides (e.g., any of the
multispecific antibodies, masked antibodies, activatable antibodies, isolated anti-CD3 antibodies
or antigen-binding fragments thereof, and activatable multispecific antibodies described herein)
are provided. In some ernbodiments, there is provided one or more nucleic acids encoding an
isolated antibody, or antigen-binding fragment thereof, that binds human CD3. In some
embodiments, there is provided one or more nucleic acids encoding an aming acid sequence
comprising the VL{s) and/or an amino acid sequence comprising the VH(s) of the multispecific
antibodies or activatable antibodies {e.g., the hight and/or heavy chains of the antibodies). In
some embodiments, one or more vectors {e.g., expression vectors) comprising such nucleic acids
are provided herein. In some embodiments, a host cell comprising (e.g., has been transformed
with} one or more vectors comprising nucleic acid(s} encoding the multispecific antibody,
masked antibody, activatable antibody, anti-CD3 antibody or antigen-binding fragment thereof,
or activatable multispecific antibody described herein. In some embodiments, the host cell 13
eukarvotic, e.g. a yeast cell, an insect cell, a Chinese Hamster Ovary (CHO) cell or lymphoid cell
{e.g., YO, NSO, Sp20 cell).

[8647] For recombinant production of polypeptides {e.g., any of the multispecific antibodies,
masked antibodies, activatable antibodies, isolated anti-CD3 antibodies or antigen-binding
fragments thereof, and activatable multispecific antibodies described herein} of the present
application, nucleic acid encoding a polypeptide {e.g., a multispecific antibody, masked antibody,
activatable antibody, anti-CD3 antibody or antigen-binding fragment thereof, or activatable
multispecific antibody described herein), e.g., as described above, is isolated and inserted into
one or more vectors for further cloning and/or expression in a host cell. Such nucleic acid may be
readily isolated and sequenced using conventional procedures {e.g., by using oligonucleotide
probes that are capable of binding specifically to genes encoding the polypeptide(s}).

[8648] Suitable host cells for cloning or expression of polypeptide-encoding vectors include
prokaryotic or eukaryotic cells. For example, polypeptides may be produced in bacteria, in

particular when glycosylation and Fc effector function are not needed (see, 2.g., U.S. Patent Nos.
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5,648 237, 5,789,199, and 5,840,523; See also Charlion, Methods in Molecular Biology, Vol 248
{(B.K.C. Lo, ed., Humana Press, Totowa, NI, 2003), pp. 245-254, describing expression of
antibody fragments 1n £. coli.}). After expression, the polypeptide may be isolated from the
bacterial cell paste in a soluble fraction and may be further purified.

[8649] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are
switable cloning or expression hosts for polypeptide-encoding vectors, including fungt and veast
strains whose glycosylation pathways have been “humanized,” resulting in the production of a
polvpeptide with a partially or fully human glycosvlation pattern. See Gerngross, Nat. Biotech.
22:1409-1414 (2004), and Li et al | Nar. Biotech. 24:210-215 (2006).

[8650] Suitable host cells for the expression of glycosylated polypeptides are also derived from
multicellular organisms (invertebrates and vertebrates). Examples of invertebrate cells include
plant and insect cells. Numerous baculoviral strains have been identified which may be used in
comgunction with insect cells, particularly for transfection of Spodoprera frugiperda cells.

[8651] Plant cell cultures can also be utilized as hosts. See, e.g., US Patent Nos. 5,959,177,
6,040,498, 6,420,548, 7,125,978, and 6,417,429 {describing PLANTIBODIES™ technology for
producing antibodies in transgenic plants).

[€652] Vertebrate cells may also be used as hosts. For example, mammalian cell lines that are
adapted to grow in suspension may be useful. Other examples of useful mammalian host cell
lines are monkey kidney CV1 hine transformed by SV40 (COS-7); human embryonic kidney line
(293 or 293 cells as described, e.g., in Graham ef al., J. Gen Virol 36:59 (1977)), baby hamster
kidney celis (BHK);, mouse sertoli cells (TM4 cells as described, e.g., in Mather, Biol. Reprod.
23:243-251 {1980)); monkey kidney cells (CV1}; Afiican green monkey kidney cells (VERO-
76); human cervical carcinoma cells (HELA), canine kidney cells (MDCK; buffalo rat liver cells
(BRL 3A); human lung cells (W138); human hiver cells (Hep (32); mouse mammary tumor
{MMT 060562); TRI cells, as described, e.g., in Mather ef al., Annals N.Y. Acad. Sci. 383.44-68
(1982} MRC 5 cells; and F84 cells. Other useful mammalian host cell lines include Chinese
hamster ovary (CHO) cells, including DHFR™ CHO cells (Urlaub et af., Proc. Natl. Acad. Sci.
USA 774216 (1980)); and myeloma cell lines such as YO, NSO and Sp2/0. For a review of
certain mammalian host cell lines suitable for antibody production, see, e.g., Yazaki and Wy,
Methods in Molecular Biology, Vol 248 (B.X.C. Lo, ed., Humana Press, Totowa, NI}, pp. 255-
268 (2003).
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[8653] In order for some secreted proteins to express and secrete in large quantities, a leader
sequence from a heterologous protein may be desirable. In some embodiments, employing
heterologous leader sequences may be advantageous in that a resulting mature polypeptide may
remain unaltered as the leader sequence is removed in the ER during the secretion process. The
addition of a heterologous leader sequence may be required to express and secrete some proteins.
[6654] Certain exemplary leader sequence sequences are described, e.g., in the online Leader
sequence Database maintained by the Department of Biochemistry, National University of
Singapore. See Choo ef af., BMC Bicinformatics, 6; 249 (2005); and PCT Publication No. WO
2006/081430.

Y. Compositions and kits

[8653] In some embodiments, the present application provides pharmaceutical compositions
comprising any one of the multispecific antibodies {e.g., masked multispecific antibodies,
mnchuding activatable multispecific antibodies), activatable antibodies (e.g., activatable anti-CD3
antibodies or activatable anti-HERZ antibodies), 1solated anti-CD3 antibodies or antigen-binding
fragroents thereof, and activatable multispecific antibodies {e.g., activatable HER2ZxCD3
antibodies, activatable CD20xCD3 antibodies, or activatable TROP2xCD3 antibodies) described
herem, and a pharmaceutically acceptable carrier. The compositions can be prepared by
conventional methods known in the art,

[6#656] The term “pharmaceutically acceptable carrier” refers to any inactive substance that 1s
suttable for use in a formulation for the delivery of a polypeptide {(e.g., an activatable antibody,
1solated anti-CD3 antibody or antigen-binding fragment thereof, or activatable and/or
multispecific antibody}. A carrier may be an anti-adherent, binder, coating, disintegrant, filler or
diluent, preservative {such as antioxidant, antibacterial, or antifungal agent}, sweetener,
absorption delaying agent, wetting agent, emulsifying agent, buffer, and the like. Examples of
suitable pharmaceutically acceptable carriers include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like) dextrose, vegetable oils (such as slive oil),
saling, buffer, buffered saline, and isotonic agents such as sugars, polyalcohols, sorbitol, and
sodium chloride.

[6657] The compositions may be in any suitable forms, such as liquid, semi-sohid, and solid
dosage forms. Examples of liquid dosage forms include solution {e.g., injectable and infusible

solutions), microemulsion, liposome, dispersion, or suspension. Fxamples of solid dosage forms
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mclude tablet, pill, capsule, microcapsule, and powder. A particular form of the composition
suitable for delivering a polypeptide (e.g., an activatable antibody, solated anti-CD3 antibody or
antigen-binding fragment thereof, or activatable multispecific antibody) 1s a sterile liquid, such
as a solution, suspension, or dispersion, for injection or infusion. Sterile solutions can be
prepared by incorporating the polypeptide (e.g., an activatable antibody, 1solated anti-CD3
antibody or antigen-binding fragment thereof, or activatable multispecific antibody) in the
required amount in an appropriate carrier, followed by sterilization microfiltration. Dispersions
may be prepared by incorporating the polypeptide 1nto a sterile vehicle that contains a basic
dispersion medium and other carriers. In the case of sterile powders for the preparation of sterile
hiquid, roethods of preparation include vacuum drying and freeze-drying (Iyophilization) to vield
a powder of the active mgredient plus any additional desired mgredient from a previously sterile-
filtered solution thereof. The various dosage forms of the compositions can be prepared by
conventional techniques known in the art,

[8658] The relative amount of a polypeptide {e.g., an activatable antibody, 1solated anti-CD3
antibody or antigen-binding fragment thereof, or activatable and/or multispecific antibody)
mchuded in the composition will vary depending upon a number of factors, such as the specific
polypeptide and carriers used, dosage form, and desired release and pharmacodynamic
characteristics. The amount of a {e.2., an activatable antibody, 1solated anti-CD3 antibody or
antigen-binding fragment thereof, or activatable and/or multispecific antibody} in a single dosage
form wili generaliy be that amount which produces a therapeutic effect, but may also be a lesser
amount. Generally, this amount will range from about ¢.01 percent to about 99 percent, from
about 0.1 percent to about 70 percent, or from about I percent to about 30 percent relative to the
total weight of the dosage form.

[8659] In addition to the polypeptide {e.g., an activatable antibody, isolated anti-CD3 antibody or
antigen-binding fragment thereof, or activatable and/or multispecific aniibody), one or more
additional therapeutic agents may be included in the composition. The suitable amount of the
additional therapeutic agent to be included in the composition can be readily selected by a person
skilled in the art, and will vary depending on a number of factors, such as the particular agent
and carriers used, dosage form, and desired release and pharmacodynamic characteristics. The
amount of the additional therapeutic agent included in a single dosage form will generally be that

amount of the agent, which produces a therapeutic effect, but may be a lesser amount as well.
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[8668] Any of the polypeptides {e.g., an activatable antibody, isolated anti-CID3 antibody or
antigen-binding fragment thereof, or activatable and/or multispecific antibody) and/or
compositions {e.g., pharmaceutical compositions) described herein may be used in the
preparation of a medicament {e.g., a medicament for use in treating or delaying progression of
cancer in a subject in need thereof).

[6661] In some embodiments, provided herein is a kit comprising any one of the activatable
antibodies, isolated anti-CD3 antibodies or antigen-binding fragments thereof, activatable and/or
multispecific antibodies and/or compositions described herein. In some embodiments, the kit
further comuprises a package insert comprising nstructions for use of the activatable antibodies,
isolated anti~-CD3 antibodies or antigen-binding fragments thereof, activatable and/or
multispecific antibodies and/or compositions. The package insert may contain information about
the indications, usage, dosage, administration, combination therapy, contraindications and/or
warnings concerming the use of a therapeutic product. In sorne embodiments, the kit further
comprises one or more buffers, e.g., for storing, transferring, administering, or otherwise using
the activatable antibodies, 1solated anti-CD3 antibodies or antigen-binding fragments thereof,
activatable and/or multispecific antibodies and/or compositions. In some embodiments, the kit
further comprises one or more containers for storing or administering {e.g., syringes, efc.} the
activatable antibodies, 1solated anti~-CD3 antibodies or antigen-binding fragments thereof,
activatable and/or multispecific antibodies and/or compositions. Also provided are articles of
manufacture comprising any one of the multispecific antibodies, activatable antibodies, isolated
anti-CD3 antibodies or antigen-binding fragments thereof, activatable multispecific antibodies

and/or compositions described herein.

VE  Methods of treatment

[8662] The multispecific antibodies (e.g., masked multispecific antibodies, inchuding activatable
multispecific antibodies), activatable antibodies {e.g., activatable anti-CD3 antibodies,
activatable anti-HER?2 antibodies, or activatable TROP2ZxCD3 antibodies), 1solated anti-CD3
antibodies or antigen-binding fragments thereof, activatable multispecific antibodies {e.g.,
activatable HER2xCD?3 antibodies, activatable CD20xCD3 antibodies, or activatable
TROP2xCD3 antibodies), and pharmaceutical compositions described herein are useful for

therapeutic, diagnostic, or other purposes, such as modulating an immune response, treating
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cancer {e.g., solid or liquid cancer), enhancing efficacy of other cancer therapy, enhancing
vaceine efficacy, or treating autoimmune diseases.

[8663] In some embodiments, there is provided a method for treating a disease or condition in a
subject in need thereof comprising administering to the subject an effective amount of a
pharmaceutical composition comprising any one of the multispecific antibodies {e.g., masked
multispecific antibodies including activatable multispecific antibodies), activatable antibodies
(e.g., activatable anti-CD3 antibodies, activatable anti-HERZ antibodies, or activatable
TROP2xCD3 antibodies), solated anti-CD3 antibodies or antigen-binding fragments thereof,
and activatable multispecific antibodies {e.g., activatable HERZxCD3 antibodies, activatable
CD20xCD3 antibodies, or activatable TROP2xCD3 antibodies) described herein. In some
embodiments, the disease or condition 1s cancer. A variety of cancers may be treated or prevented
with a method, use, or pharmaceutical composition provided by the present application.

[8664] In some embodiments, there is provided a method for treating a cancer in a subject in
need thereof comprising administering to the subject an effective amount of a pharmaceutical
composition comprising any one of the BiTE or activatable BiTE molecules (e.g, any one of the
HER2XCD3 antibodies, activatable HERZ #CD3 antibodies, CD20xCD3 antibodies, activatable
CD20xCD3 antibodies, TROP2ZxCD3 antibodies, or activatable TROP2xCD3 antibodies)
described herein.

[(¢665] In some embodiments, wherein the BiTE or the activatable BiTE target 1s HERZ, the
cancer is HERZ2-positive cancer. In some embodiments, the cancer is breast cancer. In some
embodiments, the cancer 15 ovarian cancer. In some embodiments, the cancer s lung cancer,
[8666] In some embodiments, wherein the BiTE or the activatable BiTE target is CD20, the
cancer 1s CD20-positive cancer. In some embodiments, the cancer is lymphoma. In some
embodiments, the cancer 1s leukemia.

[6667] In some embodiments, wherein the BiTE or the activatable BiTE target is TROP2, the
cancer is TROP2-positive cancer. In some embodiments, the cancer is breast cancer. In some
embodiments, the cancer is lymphoma. In some embodiments, the cancer is selected from the
group consisting of oral cavity SCC, carcinoma, non-small-cell lung, refractory, colorectal
cancer, gastric adenocarcinoma, esophageal cancer, hepatocellular carcinoma, non-small-cell
lung cancer, small-cell lung cancer, ovarian epithelial cancer, carcinoma breast stage IV,

hormone-refractory prostate cancer, pancreatic ductal adenocarcinoma, head and neck cancers,
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squamous cell renal cell cancer, urinary bladder neoplasms, cervical cancer, endomeirial cancer,
follicular thyroid cancer, glioblastoma multiforme, and triple-negative breast cancer.

[8668] In some embodiments, wherein the BiTE or the activatable BiTE target 1s BCMA, the
cancer 138 BCMA-positive cancer. In some embodiments, the cancer i1s lymphoma. In some
embodiments, the cancer 1s leukemia.

[8669] In some embodiments, wherein the BiTE or the activatable BiTE target 1s CD19, the
cancer 1s CD19-positive cancer. In some embodiments, the cancer is lymphoma. In some
embodiments, the cancer is leukemia.

[8670] In some embodiments, there 1s provided a method for treating a cancer in a subject in
need thereof comprising administering to the subject an effective amount of a pharmaceutical
composition comprising an activatable multispecific antibody of the present disclosure {e.g., an
activatable multispecific antibody that binds human CD3 and a target antigen such as HER2,
CD20, TROPZ, BCMA, or CD19). In some embodiments, the first cleavable moiety and the
second cleavable moiety are cleaved at a diseased site, thereby unblocking binding of the
multispecific activatable antibody to human CD3 and the target antigen at the diseased siie.
[8671] In some embodiments, there 13 provided a method of enhancing an immune response in a
mammal, which comprises administering to the mammal an effective amount of a
pharmaceutical composition comprising any one of the multispecific anttbodies, activatable
antibodies, 1solated anti-CD3 antibodies or antigen-binding fragments thereof, or activatable
multispecific antibodies described herem. The term “enhancing immune response” or s
grammatical variations, means stimulating, evoking, increasing, improving, or augmenting any
response of a subject’s immune system. The immune response may be a cellular response (i.e.
cell-mediated, such as cytotoxic T lymphocyte mediated) or a humoral response {7.e. antibody-
mediated response}, and may be a primary or secondary immune response. Examples of
enhancement of immune response include activation of PBMCs and/or T cells (including
increasing secretion of one or more cytokines such as [L-2 and/or IFNy}. The enhancement of
immune response can be assessed using a number of in vifre o in vivo measurements known to
those skilled in the art, including, but not limited to, cytotoxic T lymphocyte assays, release of
cytokines, regression of tumors, survival of tumor bearing animals, antibody production, immune

cell proliferation, expression of cell surface markers, and cyiotoxicity. Typically, methods of the



WO 2022/171192 PCT/CN2022/076000

present application enhance the immune response by a mammal when compared to the immune
response by an untreated mammal or a mammal not treated using the recited methods.

[6672] Also provided herein is a method of reducing the level of cytokine release and/or the
severity of one or more side effects, wherein the method comprises administering to the mammal
an effective amount of a pharmaceutical composition comprising any one of the multispecific
antibodies, activatable antibodies, isolated anti-CD3 antibodies or antigen-binding fragments
thereof, or activatable multispecific antibodies described herein. In some embodiments, the level
of cytokine release and/or the severity of one or more side effects are reduced relative to the level
of cytokine release and/or the severity of one or more side effects 1n response to administration
of a reference antibody {e.g ., an activatable BITE molecule with a stronger CD33 binding affinity,
an activatable BiTE molecule with a weaker masking efficiency, or a masked BiTE molecule
having no cleavable moieties). In some embodiments, the level of cytokine release 15 2, 3, 4, 5, 6,
7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 33, 60, 65, 70, 75, 80, 85, 90, 93, 100, 200, 300, 400, or
500-fold reduced relative to the level of cytokine release in response to administration of the
reference antibody. Methods of measuring evtokine release are described herein and known 1
the art (see, e.g., the methods of Example 7). In some embodiments, the level of the cytokines
IFNy, 1L-2, IL-6, TNFq, IL-5, and/or IL-4 released 1s measured. In some embodiments, the side
effect 13 selected from the group consisting of fever, inflammation, severe fatigue, and nausea. In
some embodiments, the side effect is a side effect associated with BiTE admunistration. In some
embodiments, hypercytokinemia is prevented. In some embodiments, a cytokine storm is
prevented. In some embodiments, cytokine release is prevented.

[8673] In practicing the therapeutic methods, the multispecific antibodies, activatable antibodies,
isolated anti-CD3 antibodies or antigen-binding fragments thereof, and activatable multispecific
antibodies described herein may be administered alone as monotherapy, or administered in
combination with one or more additional therapeutic agents or therapies. Thus, in another aspect,
the present application provides a combination therapy, which comprises a multispecific
antibodies, activatable antibody, isolated anti-CD3 antibody or antigen-binding fragment thereof,
or activatable multispecific antibody described herein in combination with one or more
additional therapies or therapeutic agents for separate, sequential or simultaneous administration.

The term “additional therapeutic agent” may refer to any therapeutic agent other than an
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activatable antibody, isolated anti-CD3 antibody or antigen-binding fragment thereof, or
activatable multispecific antibody provided by the application.

[8674] A wide variety of cancer therapeutic agents may be used in combination with an
activatable antibody, 1solated anti-CD3 antibody or antigen-binding fragment thereof, or
activatable multispecific antibody provided by the present application. One of ordinary skill in
the art will recognize the presence and development of other cancer therapies, which can be used
in combination with the methods and multispecific antibodies, activatable antibodies, 1solated
anti-CD3 antibodies or antigen-binding fragments thereof, or activatable multispecific antibodies
of the present application, and will not be restricted to those forms of therapy set forth herein,
Examples of categories of additional therapeutic agents that may be used in the combination
therapy for treating cancer include (1) chemotherapeutic agents, (2) immunotherapeutic agents,
and (3) hormone therapeutic agents. In some embodiments, the additional therapeutic s g viral
gene therapy, an immune checkpoint inhibitor, a target therapy, a radiation therapies, and/or a
chemotherapeutic. In some embodiments, the combination therapy comprises surgery o remove
a tumor,

[8675] In some embodiments, an activatable antibody, 1solated anti-CD3 antibody or antigen-
binding fragment thereof, or activatable multispecific antibody provided by the present
application 13 administered in combination with an anti-PD-1 or anti-PD-L.1 antibody. In some
embodiments, the anti-PD-1 antibody comprises a heavy chain vanable domain comprising the
amino acid sequence of

OVOLVOSGAEVRRPGSSVRKVSCRASGETFTTYY I SWVRQAPGOGLEYLGY INMGSGGTNYNEKFRGRVT I TADK
STETAYMELSSLREEDTAVYYCATIGYFDYWGCGTMVTIVES {SEQ ID NO:708) and/or a light chain
variable domain comprising the amino acid sequence of
DVVMIGSPLSLPVTLGGPASISCRISQSLLD SDGGTY LYWFQQURPGQSPRRLIYLVSTLGSGVEDRE SGSGSGT
DFTLKISRVEAEDVGVYYCMQLTHWPYTFGOGTKLEIXRR {SEQ I NO:709). In some embodiments,
the anti-PD-1 antibody is toripalimab or pembrolzumab. In some embodiments, the anti-PD-L1
antibody is atezolizumab.

[¢676] In some embodiments, an activatable antibody, isolated anti-CD3 antibody or antigen-
binding fragment thereof, or activatable multispecific antibody provided by the present
application is administered in combination with an anti-CD137 agonist or antibody. In some

embodiments, the anti-CD 137 agonist or antibody comprises a heavy chain variable region and a
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light chain vanable region, wherein the heavy chain variable region comprises a CDR-H1
comprising the amino acid sequence of TGGVGVG (SEQ ID NQ:700), a CDR-H2 comprising
the amino acid sequence of LIDWADDKYYSPSLKS (SEQ 1D NO:701), and a CDR-H3
comprising the amino acid sequence of GGSDTVIGDWFAY (SEQ 1D NO:702); and/or wherein
the light chain variable region comprises a CDR-L1 comprising the amino acid sequence of
RASGSIGSYLA (SEQ ID NO:703), a CDR-L2 comprising the amino acid sequence of
DASNLET (SEQ ID NG:704), and a CDR-L3 comprising the amino acid sequence of
QQGYYLWT (SEQ ID NO:705). In some embodiments, the heavy chain variable region
comaprises the amino acid sequence of
EVQLVESGGGLVQPGGSLRLSCAASGFSLSTGGVGVGWIRQAPGKGLEWLALIDWADD
KYYSPSLKSRLTISRDNSKNTLYLQLNSLRAEDTAVYYCARGGSDTVIGDWFAYWGQG
TLVTVSS (SEQ ID NO:706), and/or the light chain variable region comprises the amino acid
sequence of
DIQLUTOSPSSLSASVGDRVTITCRASQSIGSYLAWYQQKPGKAPKILLIYDASNLETGVPSR
FSGSGSGTDFTLTISSLOPEDFATYYCQQGYYLWTFGOGTKVEIKR (SEQ ID NO707). In
some embodiments, the heavy chain comprises the amino acid sequence of

EVOLVESGGGLVOPGGSLRLSCAASGESLSTGGVGVGWIRQAPGKGLEWLALIDWADDKYYSPS

PSVFPLAPCSRSTSESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVV
TVPSSSLGTKTY TCNVDHRP SNTKVDRKRVESKYGPPCPPCPAPEF LGGPSVELEPPKPKDTLMI

SRTPEVICVVVDVSQEDPEVQENWYVDGVEVHNAKTKPREEQENSTYRVVSVLTVLEQDWLNGK

EYKCKVSNKGLPSSIEKTISKAKGOPREPOVYTLPPSQEEMTRNOVSLTCLVKGEFYPSDIAVEW
ESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVE SCSVMHEALHNEYTOKSLSLSL
G (SEQ ID NO:710), and/or the light chain comprises the amino acid sequence of
DIQLTOSPSSLSASVGDRVTITCRASQSIGSYLAWYQOKPGKAPKLLIYDASNLETGVPSRESG
SGSCTDEFTLTISSLOFPEDFATYYCOOCYYLWTIFGQGTKVEIKRTVAAPSVEIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYERKHKVYA
CEVTHQGLSSPVTKSFNRGEC (BEQ ID NC:711). In some embodiments, the anti-CD137
agonist or antibody s an anti-CD137 antibody described W(2019036855.

[8677] The dosage, dosing frequency, route of administration for the therapeutic methods

described herein depend on a number of factors, such as the type, and severity of the disorder to
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be treated, the particular activatable antibody, isolated anti-CD3 antibody or antigen-binding
fragment thereof, or activatable multispecific antibody adnunistered, the time of administration,
the duration of the treatment, the particular additional therapy administered, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and like factors
known in the medical arts.

[6678] In some embodiments, a pharmaceutical composition, activatable antibody, isolated anti-
CD3 antibody or antigen-binding fragment thereof, or activatable multispecific antibody
provided by the present application is administered at a dose of 0.02mg/kg, 0.2mg/kg, 2myg/kg,
10mg/kg, 30mg/kg, or 60mg/kg. In some embodiments, the multispecific antibody, 1solated
antibody or antigen-binding fragment thereof, or masked antibody comprises: a first polypeptide
corprising av amino acid sequence having at least 90% sequence identity with SEQ 1D NO:
427, a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ 1D NO: 428, and a third polypeptide comprising an amino acid sequence
having at least 90% sequence identity with SEQ ID NO: 112; a first polypeptide comprising an
amino acid sequence having at least 90% sequence identity with SEQ 1D NO: 83, a second
polypeptide comprising an amino acid sequence having at least 90% sequence identity with SEQ
ID NO: 84, and a third polypeptide comprising an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 85; a first polypeptide comprising an amino acid sequence
having at least 90% sequence identity with SEQ ID NO: 683, a second polypeptide comprising
an amino acid sequence having at least 90% sequence identity with SEQ 1D NO: 684, and a third
polypeptide comprising an amino acid sequence having at least 90% seguence identity with SEQ
1D NO: 685; a first polypeptide comprising the amino acid sequence of SEQ ID NO: 427, a
second polypeptide comprising the amino acid sequence of SEQ 1D NO: 42§, and a third
polypeptide comprising the amino acid sequence of SEQ 1D NO: 112; a first polypeptide
comprising the amino acid sequence of SEQ ID NO: 83, a second polypeptide comprising the
amino acid sequence of SEQ 12 NO: &4, and a third polypeptide comprising the amino acid
sequence of SEQ 1D NO: 85; a first polypeptide comprising the amino acid sequence of SEQ ID
NO: 683, a second polypeptide comprising the amino acid sequence of SE(Q ID NO: 684, and a
third polypeptide comprising the amino acid sequence of SEQ ID NO: 685; a first polypeptide
comprising the amino acid sequence of SEQ ID NO: 427 without the C-terminal lysine, a second

polypeptide comprising the amino acid sequence of SEQ ID NO: 428 without the C-terminal
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lysine, and a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 112; a first
polypeptide comprising the amino acid sequence of SEQ ID NO: 83, a second polypeptide
comprising the amino acid sequence of SEQ ID NO: 84 without the C-terminal lysine, and a
third polypeptide comprising the amino acid sequence of SEQ ID NO: 85 without the C-terminal
iysine; or a first polypeptide comprising the amino acid sequence of SEQ} ID NO: 683, a second
polypeptide comprising the amino acid sequence of SEQ ID NO: 684 without the C-terminal
iysine, and a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 685 without
the C-terminal lysine.

[8679] Cancer treatments can be evaluated by, e g, tumor regression, tumor weight or size
shrinkage, time to progression, duration of survival, progression free survival, overall response
rate, duration of response, quality of life, protein expression and/or activity. Approaches to
determining efficacy of therapy can be employed, including for example, measurement of
response through radiological imaging.

(86867 All of the features disclosed in this specification may be combined in any combination,
Fach feature disclosed in this specification may be replaced by an alternative feature serving the
same, equivalent, or stmular purpose. Thus, unless expressly stated otherwise, each feature

disclosed 1s only an example of a generic senies of equivalent or similar features.

EXAMPLES
[#681] The examples below are intended to be purely exemplary of the invention and should
therefore not be considered to limut the invention i any way. The following examples and

detailed description are offered by way of iilustration and not by way of limitation.

Examnple 1. Biophysical characterization of beterodimeric HER2ZxCD3 T-cell-engaging
bispecific antibody

[8682] A heterodimeric bispecific scaffold was designed using the TYM13 Fo mutant (B or
E356K:E357K:8364K.8400C-L35 D K370° D N300 C: K439°Dy; see CH3 SEQ ID NOs: 1-2). A
light chain-heavy chain half antibody and a scFv-Fe chain were combined to form a bispecific
antibody, with TYM13 mutations in hetero-Fc domain (see FIG. 4} A HERZxCD3 bispecific T~
celi-engaging antibody {TYZ24051) was constructed using this scaffold. For comparison,

corresponding antibodies having knobs-into-holes mutations Y394C, T3665, L368A, Y407V-
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8354°C T366’W and “Xencor mutations” E357Q, 8364K-1.368°D, K370°S were also
constructed.

[6683] Plasmids encoding the heavy chain, light chain, and scFv-Fc chain of bispecific
antibodies were transiently transfected into mammalian cells. Bispecific antibody-containing cell
culture supernatants were harvested 7 days after transfection by centrifugation at 14000 g for 30
minutes and were filtered through a sterile filter (0.22 pm). Antibodies were purified by protein A
affinity chromatography using MabSelect SuRe prepacked columns (GE Healthcare) and were
subsequently buffer exchanged in 20 mM histidine (pH 5.5) buffer.

[8684] The biophysical purity of heterodimeric bispecific antibodies was assessed through SEC-
HPLC and SDS-PAGE. As shown 1o FIG. 6 and FIG. 7, TY 24051 with TYM13 mutations
showed verv good heterodimeric purtty, with no detectable homodimers, while TY24105 and
TY 24106, with knobs-into-holes and Xencor mutation, both contained some 150 kDa
homodimers (indicated 10 SDS-PAGE and SEC-HPLC graphs in FIG, 6 and FIG. 7,
respectively}). Furthermore, TY24051 contained fewer aggregates than TY24105 and TY24106.
[6685] When TYZ24051 was converted into an activatable antibody, TY24052, some aggregates
were generated (see Table 1), TY24052 could be purified by cation exchange chromatography
{CEX).

TABLE 1. Bispecific antibodies and their SEC-HPLC purity

. . SEC-HPLC purity
G ID Fe mutant Antibody chain HMWIM . LWW
4 SEQ 1D NOs. ‘ ,,mmmi,r ;
(%o} (%0} {Ya)
TY24051 TYMI3 112,113,114 31 26.0 0.9
TY24105{ Knobs-into-holes - 92 892 1.5
TY24106 Xencor mutation - 316 68.2 0.2

Example 2. Activatable bispecific antibody construction and functional characterization
[8686] An activatable HER2xCD3 bispecific antibody {also referred herein as “SAFEbody” or
“SAFE-bispecific”) was constructed (FIG., SA). The constructs are described in Tables 2 and
3A.

TABLE 2. Bispecific antibodies and their purity determined by SEC-HPLC
| 26D | Format [ 3 SEC-HPLC purity

234



WO 2022/171192

PCT/CN2022/076000

Antibedy
chain SEQ {HMW (%) Monomer (%) { LMW (%)
ID NQs.
. . ] 112,113, )
TYZ24051 TYMI13 N297A 114 3.1 96.0 0.9
TYMI3 N297A 115, 116
TY24052 . e o 9.3 88.2 2.5
SAFE-bispecific 117
TABLE 3A. Design of HERZ2xCD3 bispecific SAFEbody
oG 1D SAFEbody Left Right Cleavable heter fic . Fe
g 2 Motifs Arm Arm activation petero ujmenc effecior
motif
Parental bispecific
. Fab scFv ! .
TYZ2405 5 M13 N287/
TY24051 }‘ab‘ X scFvin (HER2) | (CD3) NA TYMI3 N297A
Iex1 ) ’ ’
SAFE Bispecific | SAFE SAFE
TY24052 | Fab X scFvin Fab scEFv Cleavable TYMI13 N297A
1eG1 (HER2) | (CD3)
SAFE Bispecific | SAFE SAFE Non-
TY24053 | Fab X scFv in Fab scfv | o e | TYMI3 N297A
IeG1 (HER2) |(CD3) |“vave
SAFE Bispecific | SAFE SAFE
TY24110 | Fab X scFvin Fab scFv (Cleavable TYMI13 MN29TA
1gGl (HER2)} | (CD3)
SAFE Bispecific Fab SAFE
TY24111 | Fab X scFvin (&FR")) schv Cleavable TYMI3 N257A
1gGl PR (CD3)

A. Engyme-linked inmminosorbent assay (ELISA)

[8687] The affinities of the bispecific antibody (TY24051) and its SAFEbody version

{(TY24052) were analyzed through enzyme-linked immunosorbent assay (ELISA} assay. 2

ug/mb of human HER2 or CD3 (e and § chain heterodimer) fused with human Fc fragment, were

prepared and used to coat the ELISA plate at 2-8°C overnight. After washing and blocking, 50 ul.

serial diluted IgGs were added and incubated at 37°C for 1 hour. Plates were washed three times

and then incubated with 50 pl/well TMB substrate at room temperature for about 20 minutes.

Absorbance at 450 nm was measured after the reaction was stopped. The data was analyzed by

GraphPad Prism 6 with nonlinear fitting. As shown in FiGs. 3A-8B, TYZ24051 bound to both
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HER2 and CD3, while TY24052 showed an apparently lower affinity than TY24051. After
activation, the affinity of TY24052 was fully recovered.

B. Tumor killing assay

[6688] To compare functional activity between TY24051 and TY24052, the antibodies were
expressed, purified and evaluated for antigen-dependent bispecific antibody-mediated tumor cell
killing actrvity (FIG, 9). For in vifro cytotoxicity assays, naive human pan-T-cells were isolated
from fresh human blood and mixed with HER2-positive tumor cells (SK-OV-3) along with
increasing amounts of bispecific antibody for 24 hours (target cells:1x10% cells/well, E:T=10:1).
As show 1n FIG, 9, dose dependent killing was observed for TY24051 and TY24052, and

TY 24052 showed about 800-fold increase the ECso, compared with TY24051. No specitic killing
was observed with isotype control.

C. Jurkat NFAT reporter assay to measure T-cell activation

[(3689] The activittes of TY24051, TY24052, TY24110 and TY24111 were tested in a Jurkat
NFAT reporter assay n the presence or absence of target SK-0OV-3 cells (FIGs, 104 and 108,
respectively). Jurkat-NFAT cells are immortalized T cells engineered to driven by an NFAT
response element. Jurkat-NFAT celis express luciferase upon T-cell activation.

[(696] Jurkat-NFAT cells and SK-OV-3 cells were thawed, washed and then cultured in the
meubator for the reporter potency assay. The effector cells (Jurkat-NFAT cells) were mixed with
target cells (SK-OV-3 cells) i a final cell ratio of 5:1 Jurkat-NFAT cells: SK-OV-3 cells. Sample
dilutions of bispecific antibodies were prepared in assay medium consisting of RPM 1640
supplemented with 1% FBS. Plates were placed in a 37°C incubator supplemented with 5% COq
for approximately 6 hours. After incubation, 70 pl/well Bio-liteT™M Luciferase Assay buffer was
added to each well and 100 pL supernatant was collected for measuring luminescence using a
plate reader.

[6691] As shown in FIG. 18A no response was detected in absence of target cells. In contrast,
FIG. 108 shows that parental bispecific antibody TY24051, the single-arm masked activatable
bispecific antibody TY24111, and the two-arm masked activatable bispecific antibodies
TY24052 and TY24110 induced a dose-dependent increase in luciferase in the presence of the
target cells. The parental bispecific antibody TYZ24051 shows the strongest potency in that it
activated the reporter at the lowest concentration of antihody. The single-arm masked bispecific

antihody TY24111 was less potent than TY24051 and more potent than the activatable bispecific
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antibodies TY24052 and TYZ24110. Therefore, activatable bispecific antibodies with variable

potencies were generated.

ixample 3. fr vive characterization of activatable anti-CD3 antibodies
[6692] The following example describes the generation of activatable anti-CD3 antibodies with
various masking moteties, and in vivo effects of adnunistering anti-CD3 antibodies.
A. Generation of activatable anti-CD3 antibodies
[8693] Parental antibody TAC2245 was used as the basis for generating activatable anti-CD3
antibodies. TAC2245, which is also known as huOKT3-C1148-gL.C {see U.S. Publication No.
US20140170149) has one amino acid substitution relative to the anti-CD3 antibody Teplizumab.
Specifically, the cysteine residue at position 114 in the heavy chain variable region of
Teplizumab was substituted to a serine residue (C1148) to create TAC22435. The sequences of the
TAC2245 heavy chain vatiable region (VH) and light chain variable region (V1) are provided
below, with the CDR sequences bolded, underlined, and italicized, and the CDRs are also shown
in Table 3B. In the VH, the serine residue at position 114 1s shown in lower case.
>TAC2245 VH (SEQ ID NO: 366)
QVQLVOSGGGVVQP GRELRLSCKASGY TF TRYTMEWVRQAFP GKGLEWIG Y INPSRGY TN
YNOKVRDRFTISRDNSKNTAFLOMDSLRPEDTGVYFCARYYDDHY SLDYWGQGTPVTIVS
S
>TAC2245_VL(SEQ ID NO: 367)
DIOMTQOSPSSLSASVGDRVTITCSASSSVSYMNWYQQTPGKAPKRWIYDTSKLASGVP S
RESGSCSGTDYTEFTISSLOPEDIATYYCQOWSSNPFIT GOGTKLOIT

TABLE 3B. Amino acid sequences of TAC2245 CDRs

CBR TAC2245 SEQ ID NO
CDR-HI | RYTMH 368
CDR-H2 | YINPSRGYTNYNQKVKD 369
CDR-H3 | YYDDHYSLDY 370
CDR-LI | SASSSVSYMN 371
CDBR-1.2 | DTSKLAS 372
CDR-L3 | QOWSSNPFT 373

N3
(3]
NG
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[0694] Activatable anti-CID3 aniibodies TY23100, TY23101, TY23102, and TY23104 were

generated from parental antibody TAC2245 by the addition of a masking moiety and cleavage

PCT/CN2022/076000

moiety to the N-terminus of the light chain. The constructs are described in Table 3C, with the

sequences of the masking moieties underlined and bolded.

TABLE 3C. Amino acid sequences of TY23100, TY23101, TY23102, and TY23104 heavy and

light chains

fzG

Antibody

Amino Acid Sequence

SEQ ID
N of

SEGID
of

D chain antibod | masking
v chain moiety

ic

EVGSYYDNYNDCDNYDDDCYYSCGRSAGGGGTPLGLAGSGGS
DIOMTQSPSSLSASVGDEVTITCSASSEVSYMNWYOQTPGK
APKRWIYDTS \SGVPSRESGSGSGTDYTFTISSLOPEDY
ATYYCQOWSSNPFTFGOGTKLQITRTIVAAPSVEIFPPSDEQ
LKSGTASVVCLLNNEFYPREAKVOWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYERHKVYACEVTHQGLSSPVT
KSENRGEC

577

HC

OVQLVQSGGGEVVOPGRSLRLSCRASGYTETRYTMHANVROAR
GEGLEWIGYINPSRGYTNYNOQRKVKDRETISRDNSKNTAEFLQ
MDSLRPEDTGVYFCARYYDDHYSLDYWGQGTPVIVISSASTK
GPSVEFPLAPCSRSTSESTAALGCLVKDYFPEPVIVSWNSGA
LTSGVHTE
HEPSNTKV!
KDTLIMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHNAK
TEKPREEQFNSTYRVVSVLIVLHODWLNGREYRCKVSNRGLE
SSIEKTISKAKGQPREPQVYTLPPSOEEMTENQVSLTCLVK
GEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLT
VOKSRWOEGNVESCSVMHEALHNHYTQKSLSLSLGK

578

n/a

TYZ3
101

1LC

EVGSYNADYROCSDVRTOCLDSGRSAGGGGTPLGLAGSGGS
PIOMTQSPSSLSASVGERVTITCSASSSVSYMNWYQQOTPGK
AFPKRWIYDTSKLASGVPSRFSGSGSCGTDYTFTISSLOPEDT
ATYYCQQWSSNPFTEFGQGTKLOITRTVAAPSVEIFPPSDEQ
LKSGTASVVCLLNNEFYPREAKVOWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYERHKVYACEVTHQGLSSPVT
KSENRGEC

TYZ23
101

HC

OVQLVQSGGGEVVOPGRSLRLSCRKASGY TETRY TMANVROAR
GEGLEWIGYINPSRGYTNYNQEVKDRETISRDNSKNTAFLQ
MDSLRPEDTGVYFCARYYDDHYSLDYWGQGTPVIVISSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVIVSWNSGA
LTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLETKTYTCNVD
HKPSNTRVDRRVESKYGPPUPPUPAPEFLGGPSVELEPPKP
KDTLIMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHNAK
TEPREEQFNSTYRVVSVLTVLHODWLNGKEYRCKVSNKGLP
SSIEKTISKAKGOPREPOVYTLPPSOEEMTENQVSLTCLVK
GEFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSEFFLYSRLT
VOKSRWOEGNVESCSVMHEALHNHYTQKSLSLSLGK

580

n/a
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EVGSYDSYDYNCYHDHHETCHDSCRSAGGCGGTPLGLA

()]
(€3]
o)
(€]

APKRWIYDTSKLASGVPSRESGSGSGTDYTFTISSLOPEDY
ic ATYYCQOWSSNPFTFGQOGTKLOITRTVAAPSVEIFPPSDEQ 381 S87
LKSGTASVVCLLNNFYPREAKVOWKVDNALQOSCGNSQESVTE
ODSKDSTYSLSSTLTLSKADYERHKVYACEVITHQGLSSPVT
KSFNRGEC

TYZ23
102

JVOLVOSGEEVVOPGRSLRLSCKASGY TFTRY TMHWVROAP
GKGLEWIGYINPSRGYTNYNOKVKDRETISRDNSKNTAELQ
MDSLRPEDTGVYFCARYYDDHYSLDYWGOGIPVIVSSASTK
GPSVEFPLAPCSRSTSESTAALGCLVKDYFPERPVIVISWNSGA
TY23 LTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGTKTYTCNVD
102 HC HEPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVELEFPPED
- KDTLMISRTPEVICVVVDVSQEDPEVOEFNWYVDGVEVHNAK
TKPREEQENSTYRVVSVLTVLHODWLNGKEYRKCKVSNRKGLY
SSIEKTISKAKGQPREPQVYTLPPSCEEMTENQVSLTCLVK
GEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFFLYSRLT
VDKSRWOEGNVESCSVMHEALBNHYTOKSLELSLGK

Ly
ol
[

wa

EVGSYAYHDDDCPDDDYDCABSCRSAGGGGTPLGLAGSGES
DIOMTQSPSSLSASVGPRVIITCSASSSVSYMNWYCQTPGK
APKRWIYDTSKLASGVPSRFSGSGSGIDYTFTISSLOPEDT
1. ATYYCQOWSSNPFTFGQOGTKLOITRTVAAPSVEIFPPSDEQ 383 588
LKSGTASVVCLLNNFYPREAKVOWKVDNALQOSCGNSQESVTE
ODSKDSTYSLSSTLTLSKADYERHKVYACEVIHQGLSSPVT
KSENRGEC

TYZ23
104

OVQLVQSGGGEVVOPGRSLRLSCKASGYTEFTRY TMHWVROAP
GEGLEWIGYINPSRGYTNYNOQKVKDRETISRDNSKNTAEFLQ
MDSLRPEDTGVYFCARYYDDHYSLDYWGOGIPVIVSSASTK
GPSVEFPLAPCSRSTSESTAALGCLVKDYFPEPVIVSWNSGA
Ja— LTSGVHTIFPAVLOSSGLYSLSSVVIVPSSSLGTKTYTCNVD
Y23 g D N TR U R RV SR DR (D P (D A PR T (3D QUF T DD KD 5 ;
104 HC dKLlehVDRR}&bK*{LILLLLLP¢FE%?b{uJ%LELLKL 584 n/a
KDTLMISRTPEVICVVVDVSQEDFEVOENWYVDGVEVHNAK
TKPREEQEFNSTYRVVSVLIVLHODWLNGREYRCKVSNRGLY
SSIEKTISKAKGQPREPQVYTLPPSCEEMTENQVSLTCLVK
GEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLT
VDKSRWOEGNVESCSVMHEALHBNHYTQKSLELSLGK

[6695] In addition, parental antibody TACZ222S was used as the basis for generating further
activatable anti-CD3 antibodies. The VL of TAC2225 1s set forth in SEQ ID NO: 68, and the VH
is set forth in SEQ ID NO: 67 (see Table C). Activatable anti-CD3 antibodies were generated
from parental antibody TAC2225 by the addition of a masking moiety and cleavage moiety to the
N-terminus of the light chain. The constructs are described in Table 3B, with the sequences of

the masking moieties underlined and bolded.
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TABLE 3D. Amino acid sequences of TY23105, TY231]0, TY23115, and TY23118 heavy and

light chains

ieGID

Antibod
y chain

Amino Acid Sequence

SEQID
NG of
antibody
chain

SEQID
NO of
masking
moiety

05

LC

EVGSYDDPRFPCDPDDADCPNSGRSAGGGGTPLGLAGSG
GSOAVVTQEPSLIVSPGGTVILTCGSSTGAVITSNYANW
VOQKPGOAPRGLIGGTNKRAPGVPARESGSLLGCGKAALT
LEGAQPEDEAEYYCALWYSNLWVEGGGTKLTVLRTVAAP
SVEIFPPSDEQLKSGTASVVCLLNNEYPREAKVQWKVDN
ALDSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKY
YACEVTHQGLISPVTKSEFNRGEC

589

597

TY231
03

HC

EVOLVESGGGLVOPGGSLRLSCAASGETENTYAMNWVRQ
APGEGLEWVGRIRSKYNNYATYYADSVEGRFTISRDDSK
NTLYLOMNSLRAEDTAVYYCVRHGNEGNSYVISWEAYWGO
GITLVIVESSASTKGPSVEPLAPSSKSTSGGTAALGCLVKD
YEPEPVIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQIYICNVNHRPSNTRKVDKRKVEPKSCDKTHTC
PPCPAPELLGGPSVELFPPEPKDTLMISRTPEVTCVVVD
VSHEDRPEVKENRYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCRVINKALPAPTERTISKAKGOP
REPQVYTLPPSRPELTENQVSLTCLVKGEFYPSDIAVEWE
SNGOPENNYKTITPPVLDSDGSFFLYSKLTVDKSRWQQGN
VESCSVMHEALHNHEYTQRSLSLSPGK

590

TY231
10

Lc

EVGEYAPHDPDRDCPADPPSCYPSCRSAGGGGTPLGLAGSG
GSQAVVTQEFPSLIVSPGGTVILTCGSSTGAVTITSNYANW
VQOKPGOAPRGLIGGTNRRAPGVPARISGSLLGGKAALT
LSGAQPEDEAEYYCALWYSNLWVEGGGTELTVLRTVAAP
SVEIFPEFSDEQLKSGTASVVCLLNNEYPREAKVOWKVDN
ALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKY
YACEVTHQGLSSPVIKSENRGEC

TY231
io

HC

EVQLVESGGGLVOPGGSLRLSCAASGETENTYAMNWVRY
APGKGLEWVGRIRSKYNNYATYYADSVKGRETISRDDSK
NTLYLOMNSLRAEDTAVYYCVRHGNEGNSYVSWEAYWGQO
CTLVIVSSASTRKGPSVEPLAPSSKSTSCGGTAALGCLVKD
YEFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLISVVT
VPSSSLGTQTYICNVNHEKP SNTEVDEKVEPKSCDETHTC
PPCRAPELLGGPSVFLFPPKPRDTIMISRTPEVICVVVD
VSHEDPEVRENWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGOP
REPQVYTLPPSRDELTRNQVSLTCLVKGEYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGN
VESCSVMHEALHNHYTORSLSLSPGK

LA
Re)
)

TY231
15

LC

BEVGSYRPYDDPDCPSHDSDCDNSGRSAGGGGTIPLGLAGSG
GSQAVVTQEPSLTIVSPGGTVILICGSSTGAVITSNYANW
VQOKPGOAPRGLIGGETNKRAPGVPARFSGSLLGGKAALT
LSGAQPEDEAEYYCALWY SNLWVEGGGTKLIVLRTVAAPR
SVEIFPPEDEQLKSGTASVVCLLNNEYPREAKVOWKVDN
ALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKY
YACEVTHQGLSSPVTKSENRGEC

593
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TY231
15

HC

EVQLVESGGGLVOPGGESLRLSCAASGETENTYAMNWVRY
APCGKGLEWVGRIRSKYNNYATYYADSVKGRETISRDDSK
NTLYLOMNSLRAEDTAVYYCVRHGNEGNSYVSWEFAYWGQO
GTLVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVIVSWNSGALTSCGVHTEFAVLOSSGLYSLSSVVT
VPSESLGTOTYICNVNEKP SNTKVDEKVEPKSCDKTHTC
PPCRAPELLGGPSVFLFPPRKPRDTIMISRTPEVICVVVD
VSHEDPEVRENWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGOP
REPQVYTLPEPSREELTRKNQVSLTCLVKGEYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGN
VESCSVMHEALHNHYTORSLSLSPGK

LA
O
EN

TY231
18

LC

BEVGSYDADDEPDCPADNNHCHY SGRSAGGGGIPLGLAGSG
GSQAVVTQEPSLTVSPGGTVILICGSSTGAVITSNYANW
VQOKPGOAPRGLIGCGTNKRAPGVPARFSGSLLGGKAALT
LEGAQPEDEAEYYCALWY SNLWVEGGGTKLTVLRTVAAP
SVFEIFPPSDEQLKSGTASVVCLLNNEYPREAKVOWRKVIN
ALOSGNSQESVTEQESKDSTYSLSSTLTLSKADYEKHKY
YACEVTHQGLSSPVTKSEFNRGEC

595

599

TY231
18

HC

EVQLVESGGGLVQPGGSLRLSCAASGEFTENTYAMNWVRY
APGKGLE RIRSKYNNYATYYADSVRGRFTISRDDSK
NTLYLOMNSLRAEDTAVYYCVRHGNEFGNSYVSWEFAYWGO
GTLVIVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVED
YFPEPVIVSWNSGALTSGVHTEPAVLOQSSGLYSLSSVVT
VPSSSLGTQTYICNVNHEHKP SNTKVDKEVEPKSCDKTHTC
PPCPAPELLGGPSVFLEFPPRPKDTLMISRIPEVICVVVD
VSHEDPEVKEFNWYVDEGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHGDWLNGKEYKCKVSNEKALPAPTEKTISKAKGQP
REPOQVYTLPPSRDELTKNQVSLTCLVRGEYPSD IAVEWE
SNGOPENNYKTTPPVLDSDGSEFFLYSKLTVDESRWOQGN
VESCSVMHEALHNHY TQKSLSLSPGK

596

8. Activatable anti-buman CD3 antibodies did not induce IFNy release in hinmanized

pevipheral blood mononuciear cell mouse model

[8696] To generate a humamzed peripheral blood mononuciear cell (PBMC) mouse model

{(huPBMUC-NSG), fresh or frozen human PBMCs were isolated from a local healthy donor, and

10x10° PBMC's were injected intravenously into NSG (NOD-scid I1.2ry""y mice to reconstitute

the immune system. Two weeks following PBMC injecticn, FACS was used to detect the

reconstitution conditions i NSG mice. Mice with a greater than 15% reconstitution level were

used for further study.

86971 TAC2245 and an activatable huOKT3 anti-human CD3 antibody (TY23104, also known

as an anti-CD3 SAFEbody), were administered #z vivo to the huPBMC-NSG mice. 20 ug of each
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antibody was administered per mouse. The level of IFNy was quantified over the course of 24
hours at 0, 3 and 24-hour time points, and [FNy levels were measured in 3 mice per time point.
[8698] As shown in FIG, 11, IFNy levels were significantly elevated within 3 hours and declined
thereafter in mice treated with the parental anti-CD3 antibody TAC2245, which produced a
strong induction of human cytokine IFNy in both the fresh and frozen (data not shown) FBMC
models. Mice treated with activatable anti-CD3 antibody TY23104 shows no significant increase
i IFNy levels. These results indicated that the activatable anti-CD3 antibody TY23104 had a
good masking efficiency to prevent inducing acute cytokine release in huPBMC-NSG mice.

C. Activatable cross-reactive anti-lniman/cynomolgus CD3 antibodies did not induce FFNy
release in huPBMO-NSG mouse model

(66997 huPBMC-NSG mice were generated as described above. Activatable antibodies TY23115
and TY23118 were dertved from parental antibody TAC2225 as described above. TAC2225,
TY23115 and TY23118 were admiunistered in vivo to the huPBMC-NSG mice. 20 ug of each
antibody was admimistered per mouse. The level of IFNy was quantified over the course of 24
hours at 0, 3 and 24 hour time points, and IFNy levels were measured tn 3 mice per time point.
(87867 As shown in FIG. 12, mice treated with TAC2225 showed a strong induction of IFNy. In
the mice treated with TAC2225, TFNy was significantly elevated within 3 hours and declined
thereafter. Mice treated with the activatable anti-CD3 antibodies TY23115 or TY23118 showed
no significant increase in IFNy levels. Therefore, the activatable anti-CD3 antibodies TY23115
and TY23118 had good masking efficiencies that prevented the induction of acute cytokine
release in huPBMC-NSG mice.

B. Dose-dependent binding assay of parental and activatable anti-CD3 antibodies o Jurkat
cells

(67817 The ability of the parental huOKT3 anti-CD3 antibody TAC2245 and the activatable
huOKT3 anti-CD3 antibody TY23104 to bind Jurkat cells was measured in a dose-dependent
binding assay.

[¢762] The Jurkat cells were thawed, washed and cultured in an incubator. Diluted samples of
antibody were prepared in assay medium consisting of RPM 1640 supplemented with 1% FBS as
indicated in the figure. 4x10° Jurkat cells/well were aliquoted into 96-well plate and incubated
with parental huOKT3 TAC2245 or activatable huOKT3 for 1 hour at 4°C. After cenirfugation

and washing, Jurkat cells were further incubated with the secondary antibody anti-human 1gG
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AF647 for 30 minutes at 4°C. After centrifugation and washing, the Jurkat cells labelled with
antibodies were re-suspended in 2% FBS DPBS and analyzed by FACS,

(67831 As shown in FIG. 13, the parental anti-CD3 antibody bound the Jurkat cells at a lower
concentration of antibody than the activatable antibody did. Therefore, the activatable anti-CD3
antibody TY23104 exhibited a good binding masking efficiency compared to parental anti-CD3
antibody TAC2245.

E. Jurkat NFAT reporter assay of pavental and activatable anti-CD3 antibodies

Jurkar NFAT reporter assay of humarn/ cynomolgus cross-reactive anti-CD3 and activatable anti-
CD3 antibodies

[8704] The activities of parental (TAC222S) and activatable (TY23115 and TY23118) cross-
reactive anti-CD3 antibodies were tested in a Jurkat NFAT reporter assay.

(07057 Jurkat-NFAT-luc2 cells were thawed, washed, and cultured in an incubator. Diluted
samples of antibody were prepared in assay medium consisting of RPM 1640 supplemented with
1% FBS. 5x10% Jurkat-NFAT-huc2 cells/well were added to the 96-well plate and incubated with
20 ulL of cross-reactive anti~-CD3 TACZ22S or the activatable antibodies TY23115, or TYZ23113
overmght. After incubation of about 17 hours, 100 pL /well ONE-Glo Luciferase Assay buffer
was added to the 96-well plate and 100 pl. of supernatant was collected for measuring
luminescence using a plate reader.

[¢766] As shown in FIG. 14, the parental CD3 antibody TAC2225 showed the strongest potency
(i.e., activated the reporter at the lowest concentration of antibody} compared to the activatable
antibodies TY23115 and TY23118. These results indicated that the activatable antibodies
TY23115 and TY23118 showed good masking efficiencies.

Jurkat NFAT reporter assay of huOKT3 and activatable huOKT3 antibodies

(8787 The activities of parental (TAC2245) and activatable (TY23100, TY23101, TY23102 and
TY23104) huOKT3 anti-CD3 antibodies were tested in a Jurkat NFAT reporter assay.

[0708] Jurkat-NFAT-hicZ cells were thawed, washed, and cultured in an incubator. Diluted
samples of antibody were prepared in assay medium consisting of RPM 1640 supplemented with
19% FBS. 7.5x10* Jurkat-NFAT-luc2 cells/well were added to a 96-well plate and incubated with
FeRIIb-CHO-K1 (3.0x10% and diluted test antibadies for 6 hours. After incubation, 100uL/well
ONE-Glo Luciferase Assay buffer was added to the 96-well plate, and 100 uL supernatant was

collected for measuring luminescence using a suitable plate reader.
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[878%] As shown in FIG. 15, the parental huOKT3 anti-CD3 antibody TAC2245 activated the
reporter at a lower concentration relative to the activatable huOK'T3 anti-CD3 antibodies
TY23100, TY23101, TYZ23102, and TY23104. This was true for assays performed with FcRITb
crosslinking (data not shown) or without FcRIb crosshinking (FIG, 15).

Masking efficiency of human/cvnomolgus cross-reactive CD3 activarable antibodies

[6716] The masking efficiency of TAC222S and the activatable antibodies derived from
TACZ225(TY2310S, TYZ23110, TY23115 and TY23118) were measured using an ELISA (FIG.
16A) and a Jurkat NFAT reporter assay (FIG. 16B).

[#711] For the ELISA, recombinant human CD38e-hisFc was diluted to 111 g¢/mL in PBS and
coated on a Maxisorp plate at 4°C overnight. Plates were blocked with PBS supplemented with
3% non-fat milk at 37°C for 1 hour. After washing, 100 ul of 3-fold serial dilutions of antibodies
were added to each well. After incubation at 37°C for 1 hour, plates were washed four times, and
100 k. HRP conjugated anti-human IgG (Fab specific) (1:6000 dilution) was added to each well.
Plates were incubated at 37°C for 1 hour, washed four times, and then 50 111 TMB substrate
solution was added to each well, and the plate was mcubated at room temperature. Absorbance at
450 nm was measured after the reactions were stopped with 50 pL. H2504 per well. The ECso was
evaluated by fitting the ELIS A data using the asymmetrical sigmoidal {five-parameter logistic
equation) model of GraphPad Prism 6 software.

[7712] For the Jurkat NFAT reporter assay, Jurkat-NFAT-luc2 cells were thawed, washed and
cultured 1n an incubator. Diluted samples of antibody were prepared in assay medium consisting
of RPM 1640 supplemented with 1% FBS as indicated in the figure. 7.5x10" Jurkat-NFAT-luc2
celis/well were added to the 96-well plate and incubated with FeRIIb-CHO-K1 (2.5x10% and
diluted test aniibodies for 6 hours. After incubation, 100pL /well ONE-Glo Luciferase Assay
buffer was added to the 96-well plate and 100 uL supernatant was collected for measuring
luminescence using a plate reader.

[8713] The masking efficiency of each activatable antibodies was calculated by dividing the
FECso for binding of the activatable aniibody by the ECso of the parental antibody. As shown in
Tables 4-3A compared with the parental antibody TAC22235, all of the activatable antibodies
showed dramatically reduced binding to the antigen. Further, all of the activatable antibodies

showed reduced activation of the NFAT reporter.
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TABLE 4. Masking efficiency of human/cynomolgus cross-reactive CD3 activatable antibodies

by ELISA
G ID EC50, oM Masking efficiency
TAC2225 0.2 i
TY23110 3135 1339
TY23115 19570 >10000
TY23118 864.5 3691

TABLE 5A. Masking efficiency of human/cynomelgus cross-reactive CD3 activatable antibodies
Jurkat NFAT reporter assay

oG ID ECS50, nM Masking efficiency
TAC2225 0.02 i
TY23105 1.5 611
TY23110 3.6 191
TY23115 7.7 409
TY23118 7.9 419

Example 4. Design and characterization of human/cynomolgus cross-reactive anti-CD3
antibody variants
[#714] The following example describes the generation of anti-CID3 antibodies from parental
antibody SP34. Specifically, ant1i-CD3 antibodies with low binding affinities were generated.
Materials and Methods
Generation of variants of anti-CD3 antibody SP34
[6#715] The human/cynomolgus cross-reactive anti-CD3 murine antibody SP34 was selected as
the basis for designing variant antibodies because SP34’s epitope in D3 15 conserved between
monkey and human, but not conserved between mice and human.
[8716] The sequences of the SP34 heavy chain variable region {VH) and light chain variable
region {VL) are provided below, with the CDR sequences bolded, underlined, and italicized.
>8P34 VH (SEQ ID NO: 374)

EVQLVESGGCLVQPKGSLKLSCAASGF TENTYAMNWVROAPGKCGLEWVARIRSKYNNYA

PYYADSVREDRETISRDDSQOSILYLOMNNLKTEDTAMYYC VR HGNEPGNSYVESWFAYWCOG

TLVIVSS

>SP34 VL (SEQ 1D NO: 375)

OAVVTQESALTTSPCGETVILTCRSESTGAVITSNYANWVQEKPDHLF TGLICGTNRRAPG

VPARFSGSLIGDRKAALTITGAQTEDEATYFCALWY SNLWVF GGGTKLTVL
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Specifically, humanized variants of the SP34 VH and VL were used (see International

Publication No. WO2014110601A1). Relative to SP34, these humanized sequences contain an

amino acid substitution in the CDR-H2 and 1n the CDR-L1. The amino acid sequences of the

humanized VH and VL are set forth in SEQ 1D NO: 67 and 68, respectively.

[6717] Based on the SP34 CDR sequences, sequences with variant CDRs were designed, as

shown in Table 5B, below. Further, vanants of the VH and VL sequences of SP34 were

designed, as shown in Table 5C, below.

TABLE 5B. Design of anti-CID3 variant CDRs

sP34
< y . cr @ SP34 Variant Amino Acid Variant
CDR | SP34 Amino Acid Sequence y .
Segquence SEQID
Nk
X1YAXX3
CDR- | TYAMN X1 D ST 382
HI (SEQ 1D NO: 376) Xy @ 1 L M -
Xy ¢ N T
RIRSKYNNYATYYAX X, VKXs
CDR- | RIRSKYNNYATYYADSVKD ¥1 : DR 183
2 (SEQ ID NO: 377) Xo 1 5 T 8
X3z DG S
HGNX1GX2SYVSX3XsAY
‘ X 1 F Y
CDR- | HGNFGNSYVSWFAY xl N T 384
. Py Az oo F 38
H3 {SEQ 1D NO: 378) . o
N Xz ¢ WY
XKe : F W
K1SSTGAVTIX2X3NY XN
+ per X1 ¢+ A GR
CDR- | RSSTGAVITSNYAN N 385
L1 (SEQ ID NO: 379) SR
};3 HENC N
X4 : APV
< GTX:i¥2RAFP
CDR- | GTNKRAP N KK . 386
~ < ’ L O 1= N
12 {(SEG 1D NG: 380) %, : F K
WY SX X WV
CDR- | ALWYSNLWV ?LM S}; 1}:9\? 387
L3 (SEQ ID NO: 381) ; L a !
2 P SR »

TABLE 5C. Design of anti-Ci33 variant variable regions
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SP34 Variant

X/I;x:;zl;e SP34 Variant Amino Acid Sequence Amine Acid SEQ
D NO:
EVOQLVESGGGLVX 1 PGGSLRLSCAASGEF TEX X3 YAT X W
VROAPGKGLEWVX;RIRSKYNNYATYYAXSVKX,RETIS
RDXgSKNTLYLOXoNSLRAEDTAVYYCX1pRHGNX11GXq2
SYVSWEAYWGQGTLVIVSS
X o+ K @
A2 @ N S
%3 S T
S X4 H N .
VH e G s 388
Xe DE
X7 DG
Xg D N
Xe ¢ 1T L
Xio @ AV
Zi11 FY
Xiz N T
X AVVTQEPSLTVSPGGTVTLTCXSSTGAVT TSNY X3 NW
ZaQOKPGQAPRGLIGGETXsXsRAPGX7PARF SGELLGGKA
ALTLSGAQPEDEAEYYCALWY SXeXWVEGGEGTKLTVL
X1 ¢ BE O
X2 A GPR
VL © TEy 389
Xs ¢+ KN
Xe F K
Xr + AT TV
g s A DN T

Xo ¢+ H L

[6718] Exemplary CDR and VH and VL sequences that were generated are provided in Tables
SB-5G below.

TABLE 3D. Amino acid sequences of variant anti-CD3 heavy chain variable region CDRs

(SEQ ID NO: 376)

(SEQ 1D NG: 377

CDR-H1 CDR-H2 CDR-H3
VH-01 TYAMN RIRSKYNNYATYYADSVEKD HGNFGTSYVSWEFAY
- (SEQ IDNO: 376) | (SEQ ID NO: 377) (SEQ 1D NO: 395)
VH-03 TYAMN RIRSKYNNYATYYADSVKG HGNFGTSYVSWEAY
U (SEQIDNO:376) | (SEQID NO: 391) (SEQ ID NO: 395)
VH-04 TYAMN RIRSKYNNYATYYADSVKD HGNFGTSYVSWEAY

(SEQ ID NG: 395)
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VH-65 TYAMN RIRSKYNNYATYYADSVED HGNFGNSYVSYWAY
N (SEQID NO: 376) | (SEQID NO: 377) (SEQ ID NO: 604)
VH-17 TYAMT RIRSKYNNYATYYADSVKG HGNFGNSYVSWEFAY

. (SEQ ID NO: 600) | (SEQ ID NO: 391) (SEQ ID NO: 378)
VH-19 TYAMN RIRSKYNNYATYYADTVKG HGNEGNSYVSWEAY
7 I (SEQIDNO:376) | (SEQID NO: 603) (SEQ ID NO: 378)
VH-20 TYAMN RIRSKYNNYATYYADSVKG HENYGNSYVSWEAY
Yk (SEQID NO: 376) | (SEQ ID NO: 39D (SEQ ID NO: 605)
VH-22 DYAMN RIRSKYNNYATYYADSVKG HGNEFGNSYVSWEAY
= I (SEQIDNO:601) | (SEQIDNO:391) (SEQ ID) NO: 378)
VH-23 TYAIN RIRSKYNNYATYYADSVKG HGNFGNSYVSWEAY
" 1 (SEQID NO: 390) | (SEQID NO: 391) (SEQ ID NO: 378)
VH-24 TYALN RIRSKYNNYATYYADSVKG HGNFGNSYVSWEFAY
i} (SEQ ID NO: 602) | (SEQ IDNO: 391) (SEQ ID NO: 378)
VH-27 TYATN RIRSKYNNYATYYADSVKD HGNFGTSYVSWEFAY
§ (SEQ ID NO: 390) | (SEQ ID NO: 377) (SEQ ID NO: 395)
VH-28 TYAIN RIRSKYNNYATYYAESVKD HGNEGTSYVSWEAY
§ (SEQ ID NO: 390) | (SEQ ID NO: 392) (SEQ ID NO: 395)
VH-36 TYAIN RIRSKYNNYATYYADSVKD HENFGNSYVSYWAY
PRRST(SEGID NO: 390) | (SEQID NO: 37T (SEQ ID NO: 604)
VH-30 TYAIN RIRSKYNNYATYYAESVEKD HGNEGNSYVSYWAY
(SEQ ID NO: 390) | (SEQ ID NO: 392) (SEQ 1D NO: 604)
VH-31 TYAIN RIRSKYNNYATYYADSVEKG HGNFGTSYVSWEAY
§ (SEQ ID NC: 390) | (SEQID NO: 301) (SEQ ID NO: 395)
VH-32 TYAIN RIRSKYNNYATYYAESVKG HGNFGTSYVSWEAY
E04 L (SEQ ID NO: 390) | (SEQ ID NO: 394) (SEQ ID NO: 395)
VH-13 TYAIN RIRSKYNNYATYYADSVEKD HGNFGTSYVSWEAY
: (SEQ ID NO: 390) | (SEQ ID NO: 377) (SEQ ID NO: 395)
VH-34 TYAIN RIRSKYNNYATYYAESVKD HGNEGTSYVSWEFAY
% 1 (SEQIDNO: 390) | (SEQID NO: 392) (SEQ ID NO: 395)
VH-33 TYAIN RIRSKYNNYATYYADSVKD HGNFGTSYVSWEAY
VRS SEGID NO: 390) | (SEQ ID NO: 37T (SEQ ID NO: 395)
VH-36 TYAIN RIRSKYNNYATYYAESVKG {GNEGTSYVSWEAY
(SEQ ID NO: 390) | (SEQ ID NO: 394) (SEQ T NO: 395)
VH-37 TYAIN RIRSKYNNYATYYADSVEG HGNFGTSYVSWEAY
§ (SEQ ID NO: 390) | (SEQ ID NO: 391) (SEQ ID NO: 395)
VH-38 TYAIN RIRSKYNNYATYYADSVKG HGNFGNSYVSWEAY
E0% L (SEQ ID NO: 390) | (SEQ ID NO: 391) (SEQ ID NO: 378)
V-39 TYAIN RIRSKYNNYATYYADSVEKD HGNFGNSYVSWEFAY
7 L(SEQIDNO: 390) | (SEQ ID NG: 377) (SEQ ID NO: 378)

TABLE 5k, Amino acid sequences of variant anti-CD3 lght chain variable vegion CDRs
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CDR-L1 CDR-L2 CDR-L3
VL1 RS STGAVTTSNYPN GTKFRAP ALWYSTLWV »
(SEQ ID NO: 606) (SEQ ID NO: 399) (SEQ ID NO: 401)
VL-62 [ E'S TGAVTT SN"’{P N G‘I’_N KI,{AP, , ALW Y SD ]_N\/ )
(SEQ ID NO: 397) (SEQ ID NO: 380) (SEQ 1D NO: 400)
VL-03 ?S STGAVTTSN?AN GTNKRAP ‘ 3LWYSTLWV
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 401)
VL-04 R S:S T (}AVE[' ’}.‘SE‘T'IYAN ;}TETR.:E" RAP ' ‘ AJ’M Y S DLWV '
(SEQ TD NO: 398) (SEQ 1D NO: 399) (SEQ 1D NO: 400)
VLG5 G-:S S-T G:AV :I'TSNYAN G'i"NKS.AE - ) ALW}’SFJ LWV ’ ‘
(SEQ D NO: 396) (SEQ D NO: 380) (SEQ ID NO: 381)
VL-86 CS 3 TGAV;T T SEIYADJ GTNERAP ) A‘LWYSN LWV )
(SEQ ID NO: 396) (SEQ 1D NO: 380) (SEQ ID NO: 381)
YL-87 GSSTGAV}"TSNYAN GTNKRAFP ALWYSNRWV N
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 610)
VL-68 [ SS TGAV l’f b N:{AN GIN KBAP, ) ALW Y $N LN\/ o
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 381)
VL-09 ?SSTGAVTTSN?AN GTNKRAP ‘ ELE’JYSNLWV A
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 381)
VL-16 GS?STGAVE[‘TSFTIYZ‘J\I GTNKRAP - ‘ ALE’\?YSE‘\ILWV
(SEQ ID NO: 396) (SEQ 1D NO: 380) (SEQ ID NO: 381)
VL-11 G:SS-TG‘AVifTS‘NYAN G-NK}<AL‘ 3 ) A..f/ﬂ Sb&LWV ,
(SEQ D NO: 396) (SEQ D NO: 380) (SEQ ID NO: 381)
VL-12 GﬁS STGAVTTSNYAN GTNERAP 7 ATWYSNLWV
(SEQ ID NO: 396) (SEQ 1D NO: 380) (SEQ ID NO: 381)
YL-13 RSSTGAVTTSNYAN GTNKRAF ALWYSNLWV »
(SEQ ID NO: 398) (SEQ ID NO: 380) (SEQ ID NO: 381)
VI-14 ASﬂS TGAVTT SN"’{AN G'IFIKBAP , ) ALW Y-SN]';-E-N-‘J’ o
(SEQ ID NO: 607) (SEQ ID NO: 380) (SEQ ID NO: 381)
YL-15 ?S STGAVTSGNY:AN GTNKRAP ‘ ALWYSNLWV A
(SEQ ID NO: 608) (SEQ ID NO: 380) (SEQ ID NO: 381)
VL-16 G S?TGZ&\fﬁFTSIﬁ‘fPE\I GTE.\IKRAP ' ALE’\?YSI\ILWV
(SEQ 1D NO: 397) (SEQ 1D NO: 380) (SEQ 1D NO: 381)
VL-17 GSS:TG%%V?TS?&EY\?Z’N G-NKRAP 3 ) A..f/vﬁ Sb&LW'\J '
(SEQ D NO: 609) (SEQ D NO: 380) (SEQ ID NO: 381)
VL-18 CS STGAV?_"TS'NY%N GTNERAP » A‘LWYSNLW\/ )
(SEQ ID NO: 396) (SEQ 1D NO: 380) (SEQ ID NO: 381)
VL-19 G38 TGAV}?T QNYAN GTNKRAF ’ ALWYSNLWV )
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 381)
YL-20 GSSTGAVTT :\ N"I{'vAN' GIN KI%APV ) ALW Y SN LN\/ )
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 381)
VL-21 ?S STGAVTT SIQYiAN GTNKRAP ‘ ALWYSNLWV .
(SEQ ID NO: 396) (SEQ ID NO: 380) (SEQ ID NO: 381)
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GSSTGAVTTSNYAN
(SEQ D NG: 396}

GTNKRAP

(SEQ ID NO:
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ALWYSNLWV
(SEQ 1D NG: 381

VL-23

GESTGAVTTSNYAN
(SEQ ID NO: 396)

GTNKRAY

(SEQ ID NO:

380)

ALWYSNLWV
(SEQ D NO: 381)

VL-24

GSSTGAVTTSNYAN
{(SEQ ID NO: 396)

GTNKRAP

(SEQ ID NO:

380)

ALWYSNLWV
(SEQ 1D NO: 381

VI-25

GSSTGAVITTSNYAN
(SEQ ID NO: 396)

GTNKRAP

(SEQ ID NO:

380

ALWYSNLWV

{SEQ ID NO: 381)

YL-26

GSSETGAVTTSNYAN
(SEQ ID NO: 396)

GTNERAP

(SEQ ID NO:

3809

ATLWYSNLWYV
(SEQ ID NO: 381)

YL.-27

GSSTGAVITSNYAN
(5EQ ID NO: 396)

GTNKRAFP

(SEQ ID NO:

380)

ALWYSNLWV
(SEQ ID NO: 381)

VI.-28

GSSTGAVTTSNYAN
(SEQ ID NO: 396)

GTNKRAP

{(SEQ ID NO:

380

ALWYSNLWV
(SEQ 1D NG: 381

VL-29

GESTGAVITTSNYAN
(SEQ ID NO: 396)

GTNKRAP

(SEQ ID NO:

380)

ALWYSNLWV
(SEQ D NO: 381)

YL-30

GSSTGAVITSNYAN
{(SEQ ID NO: 396)

GTNKRAP

(SEQ ID NO:

380)

ALWYSNLWV
(SEQ ID NO: 381)

YVL-31

GSSTGAVITSNYPN
{SEQ ID NG: 397)

GTNKRAP

(SEQ ID NO:

380

ALWYSNLWV

{(SEQ ID NO: 381)

YL-32

GSSTGAVTTSNYAN
(SEQ ID NO: 396)

GTNERAP

(SEQ D NO:

380)

ALWY SNLWV
(SEQ ID NO: 381

TABLE 3F. Amino acid sequences of variant anti-CD3 VHs

VH Amine Acid Sequence

SEQ 1D
NO

YH-01

EVQLVESGGCLVOPGGSLRLSCAASGE TESTYAMNWVROAPGRGLEWY
SRIRSKYNNYATYYADSVKDREFTISRDDSKNTLYLOINSLRAEDTAVY
YCVRHCGNFGTSYVSWFAYWGQGTLVTIVSS

409

YH-02

EVQLVESGGGLVOPGGSLRLSCAASGE TENT YAMNWVRQOAPGRGLEWY
SRIRSKYNNYATYYADSVKGRFTISRDDSENTLYLOLNSLRAEDTAVY
YCVRHCGNEGNSYVSWFAYWGQGTLVIVSS

414

YVH-03

EVQLVESGGGLVKPGGSLRLSCAASGE TESTYAMNWVROAPGRGLEWY
SRIRSKYNNYATYYADSVKGRFTISRDDSENTLYLOINSLRAEDTAVY
YCVRHGNEGTSYVSWEFAYWGOGTLVIVSS

611

VH-04

EVOLVESGGCGLVKPGGSLRLSCAASCEFTESTYAMNWVROAPGKGLEWY
SRIRSKYNNYATYYADSVKDRFTISRDDSENTLYLOINSLRAEDTAVY
YCVRHGNEGTSYVSWEFAYWGOGTLVIVSS

407

VH-08

EVOLVESGGCGLVKPGGSLRLSCAASCE TESTYAMNWVROAPGKGLEWY
SRIRSKYNNYATYYADSVEDRFTISRDDSKENTLYLOINSLRAEDTAVY
YCVRHGNEGNSYVSYRAYWGOGTLVIVSS
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) EVQLVESGGGLVKEPGGSLRLSCAASCGEF TFNTYAMNWVRQAPGKGLEWY
VH-06 GRIRSKYNNYATYYADSVRKGRFTISRDDSKNTLYLOINSLRAEDTAVY | 613
YCVRHGNFGNSYVSWFAYWGQGTLVTIVSS

- EVQLVESGGGLVQF GGSLRLSCAASGEF TFNS YAMNWVRQAPGKCLEWY
VH-07 | GRIRSKYNNYATYYADSVKGRETISRDDSKNTLYLOMNSLRAEDTAVY | 614
YOVRHGNFGNS YVSWEAYWGQGTLVTVSS

- EVQLVESGGGLVOPGGSTRLSCAASCE TRNTYAMNWVROAPGKGLEWY
VH-08 | GRIRSKYNNYATYYADSVKSRETTSRDDSKNTLYLOMNSLRAEDTAVY | 615
YCVRHGNF GNSYVSWFAYWGQGTLVTVSS

EVQLVESGGGLVQPGGSLRLSCAASGE TFNTYAMNWVROAPGKGLEWY
VH-09 | GRIRSKYNNYATYYADSVRGRFTISRDDSRSTLYLOMNSLRAEDTAVY | 616
(CVRHGNF GNSYVSWFAYWGQGTLVTVSS

EVOLVESGGGLVOPGGSLRLSCAASGET
VH-10 | GRIRSKYNNYATYYADSVKGRFTISRDD

NTYAMNWVRQAPGKGLEWY
D8O

DSOS
YCVRHGNFGNSYVSWFAYWGQGTLVTIVS

)STLYLOMMSLRAEDTAVY | 617

©
I

S
S

FVOLVESGGGLVOPGGS LRLSCARSCF TFNT Y AMNWVROAPGKGLEWY
VH-11 | GRIRSKYNNYATYYADSVKGRFTISRDDSKNSIYLOMNSLRAEDTAVY | 618
YCVRHGNFGNSYVSWFAYWGOGTLVIVSS

, EVOLVESGCGLVOPGGSLRLSCAASCF TRNTY AMNWVROAPGKGLEWY
VH-12 | GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOMNTLRAEDTAVY | 619
YCVRHGNFGONSYVSHFAYWGQCTLVIVSS

o EVOLVETGCGLVOPGGSLRLSCAASCF TRNT Y AMNWVROAPGKGLEWY
VH-13 | GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOMNSLRAEDTAVY | 620
YCVRHGNFONSYVSWFAYWGOGTLVIVSS

- EVQLVESGGGLIGPGGSLRLSCAASGF TFNTY AMNWVROAPGKGLEWY
VYH-14 | cRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOMNSLRAEDTAVY | 621
YOVRHGNF ONSYVSHFAYWGOGTLVIVSS

! ) EVQLVESGGGLLOPGGSLRLSCAASGE TENTYAMNWVROAPGKGLEWY
YH-15 GRIRSKYNNYATYYADSVKGRETISRDDSKNTLYLOMNSLRAEDTAVY | 622
YCVRHGNFGNSYVSWEFAYWGQGTLVIVSS

77777 ) EVQLVESGGCLVOPGGSLRLSCAASGE TENTYAMNWVROAPGKGLERY
YH-16 GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOMNSLRTEDTAVY | 623
YCVRHGNEGNSYVSWFAYWGOGTLVIVSS

77777 EVQLVESGGCLVOPGGSLRLSCAASGE TENTYAMTWVROAPCGKGLERY
YH-17 GRIRSKYNNYATYYADSVKGRETISRDDSENTLYLOMNSLRAEDTAVY | 624
YCVRHGNEGNSYVSWFAYWGOGTLVTIVSS

77777 EVQLVESGGGLVOPGCSLRLSCAASGEF TENTYAMNWVRQAPGQGLERY
YH-138 GRIRSKYNNYATYYADSVKGREFTISRDDSENTLYLOMNSLRAEDTAVY | 625
YCVRHGNFGNSYVSWFAYRGOGTLVIVSS
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) EVQLVESGGGLVQEPGGSLRLSCAASCGEF TFNTYAMNWVROAPGKGLEWY
VH-19 GRIRSKYNNYATYYADTVRKGRFTISRDDSKNTLYLOMNSLRAEDTAVY | 626
YCVRHGNFGNSYVSWFAYWGQGTLVTIVSS

- EVQLVESGGGLVQF GGSLRLSCAASGEF TFNT YAMNWVRQAPGKCLEWY
VH-20 | CRIRSKYNNYATYYADSVKGRETISRDDSKNTLYLOMNSLRAEDTAVY | 627
YCOVRHGNYGNS YVSWEAYWGQGTLVTVSS

- EVOLVESGGGLVOPGGSTRLSCAASGE TF SSYAMNWVROAPGKGLEWY
VH-21 | GRIRSKYNNYATYYADSVKGRFTTSRDDSKNTLYLOMNSLRAEDTAVY | 628
YCVRHGNF GNSYVSWFAYWGQGTLVTVSS

EVQLVESGGGLVQPGGSLRLSCAASGEF T SDYAMNWVROAPGKGLEWY
VH-22 GRIRSKYNNYATYYADSVRKGRETISRDDSKNTLYLOMNSLRAEDTAVY | 629
[CVRHGNEGNSYVSWEFAYWGQCTLVTIVSES

) EVOLVESGGGLVOPGGSLRLSCARSGF TFNT Y ATNWVROAPCGKGLEWY
VH-23 | GRIRSKYMNYATYYADSVKGRFTISRDDSKNTLYLOMMSLRAEDTAVY | 630
YCVRHGNFGNSYVSWFAYWGOCTLVTVSS

FVOLVESGGGLVOPGGS LRLSCARSCF TFNT Y ALNWVROAPGKGLEWY
VH-24 | GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOMNSLRAEDTAVY | 631
YCVRHGNFGNSYVSWFAYWGOGTLVIVSS

EVOLVESGCGLVOPGGSLRLSCAASCF TRNTY AMNWVROAPGKGLEWY
VH-25 | GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOINSLRAEDTAVY | 6372
YCVRHGNFGONSYVSHFAYWGQCTLVIVSS

EVOLVESGCGLVOPGGSLRLSCAASCF TRNT Y AMNWVROAPGKGLEWY
VH-26 | GCRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOLNSLRAEDTAVY | 633
YCVRHGNFONSYVSWFAYWGOGTLVIVSS

, EVQLVESGGGLVOPGGSLRLSCAASGFTFSTYA TNWVROAPGKGLEWY

= PRIROKYNNYATYYADSVEKDREFTISRDDOSKNT LY LOINSLRAVDTAVY 3
VYH-27 | SRIRSKYNNYATYYADSVKDRFTISRDDSKNTLYLOINSLRAEDTAVY | 634
YOVRHGNFGTSYVSHFAYWGOGTLVIVSS

! EVQLVESGGGLVOPGGSLRLSCAASGEFTE STYAINWVROAPGKGLEWY
VH-238 SRIRSKYNNYATYYAESVKDREFTISRDDSKNTLYLOINSLRAEDTAVY | 402
YCVRHGNFGTSYVSWEFAYWGQGTLVIVSS

77777 EVQLVESGGCLVEPGGSLRLSCAASGE TESTYAINWVROAPCGKGLERY
YH-29 SRIRSKYNNYATYYADSVKDRFTISRDDSKNTLYLOINSLRAEDTAVY | 635
YCVRHGNEGNSYVSYWAYWGOGTLVTIVSS

77777 EVQLVESGGCLVEPGGSLRLSCAASGEF TESTYAINWVROAPCGKGLERY
YH-30 SRIRSKYNNYATYYAESVKDREFTISRDDSKENTLYLOINSLRAEDTAVY | 636
YCVRHGNEGNSYVSYWAYWGOGTLVTIVSS

77777 EVQLVESGGGLVKPGCSLRLSCAASGEF TEFSTYAINWVRQAPGKGLERY
YH-31 SRIRSKYNNYATYYADSVKGRETISRDDSENTLYLQINSLRAEDTAVY | 637
YCVRHGNFGTSYVSWFAYRGOGTLVIVSS
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) EVQLVESGGGLVKEPGGSLRLSCAASCGEFTFSTYAINWVRQAPGKGLEWY
VH-32 SRIRSKYNNYATYYAESVKGRFTISRDDSENTLYLOINSLRAEDTAVY | 638
YCVRHGNFGTSYVSWFAYWGQGTLVTIVSS

o EVQLVESGGGLVKEPGGSLRLSCAASCGETFSTYAINWVRQAPGKGLEWY
VH-33 SRIRSKYNNYATYYADSVEKDRFTISRDDSKNTLYLOINSLRAEDTAVY | 639
YCVRHGNFGTSYVSWFAYWGQGTLVTIVSS

o EVQLVESGGGLVKEPGGSLRLSCAASCGETFSTYAINWVRQAPGKGLEWVY
VH-34 SRIRSKYNNYATYYAESVKDRFTISRDDSKNTLYLQINSLRAEDTAVY | 640
YCVRHGNFGTSYVSWFAYWGQGTLVTIVSS

) EVQLVESGGGLVQPGGSLRLSCAASCGHF TFNTYAINWVROAPGKGLEWY
VH-35 SRIRSKYNNYATYYADSVRKDRFTISRDDSKNTLYLOINSLRAEDTAVY | 405
[CVRHGNEGTSYVSWEFAYWGQCTLVTIVSES

L EVQLVESGGGLVQFPGGSLRLSCAASGEF TENTYAINWVROAPGKGLEWY
VH-36 GRIRSKYNNYATYYAESVKGRFTISRDDSKNTLYLQINSLRAEDTAVY | 410
YCVRHGNFGTSYVSWEFAYWGQCGTLVTIVSES

EVQLVESGGGELVOPGGSLRLSCAASGETEFNTYAINWVRCAPGKGLERWY
VH-37 GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLQINSLRAEDTAVY | 412
YCVRHGNEGTSYVSWIAYWGQGTLVIVES

EVOLVESGCGLVOPGGSLRLSCAASCF TFNTYA INWVROAPGKGLEWY
VH-38 | GRIRSKYNNYATYYADSVKGRFTISRDDSKNTLYLOINSLRAEDTAVY | 416
YCVRHGNFGONSYVSHFAYWGQCTLVIVSS

) EVOLVESGCGLVOPGGSLRLSCAASCF TFNT YA INWVROAPGKGLEWY
VH-39 | GCRIRSKYNNYATYYADSVKDRETISRDDSKNTLYLOINSLRAEDTAVY | 415
YCVRHGNFONSYVSWFAYWGOGTLVIVSS

TABLE 3G. Amino acid sequences of vartant anti-CD3 Vis

SEQ 1D

YL Amine Acid Sequence NO

EAVVTQEPSLTVSPGGTVILTCRSSTGAVITSNYPNWVQOKPGOAPRG
YEi-01 LIGGTKFRAPGTPARFSGSLLGGKAALTLSGACPEDEAEYYCALWYST | 641
LWVEGGGTKLTVL

EAVVTQEPSLTVSPGGTVILTCGSSTGAVITSNYPNWVQQOKPGOAPRG
VE-02 LIGGTNKRAPGTPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSE | 403

LWVEGGGTKLTVL

QAVVTQEPSLTVSPGGTVILTCGESSTCAVTTSNYANWVQOKPGQAPRG
VEL-03 LIGCTNKRAPGTPARFSGSLLGGKAALTLSCGAQPEDEAEYYCALWYST | 404
LWVFGGGTKLTVL

EAVVIQEPSLTVSPGCTVILTCRSSTCAVTTSNYANWVOQKPGQAPRG
VE-04 LIGGTRFRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSD | 408
LWVEGGGTKLTVL
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EAVVTQEPSLTVSPGGTVILTCGSSTGAVTITSNYANWVQOKPGOAPRG
YE-05 LIGGTNRRAPGTPARFSGSLLGGKAALTLSGACPEDEAEYYCALWYSN | 642

LWVEGGGTKLTVL

EAVVTQEPSLTIVSPGGTVILTCGSSTCAVTTSNYANWVQOOKP GOAPRG
V-6 LIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN | 643

LWVEGGGTKLTVL

QIVVTQEPSLTVSPGGTVILTCGESSTCAVTTSNYANWVOOKPGQAPRG
VEL-G7 LIGCTNKRAPGVPARFSGSLLGGKAALTLSCGAQPEDEAEYYCALWYSN | 644
RWVFGGGTKLTVL

QAVVTQESALTVSPGCTVILTCGSSTCAVTTSNYANWVOOKEGQAPRG

VE-08 LIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWNYSN | 645
LWVEGGGTKLTVL

QAVVTIQESTLTVSPGCTVILTCGSSTCAVTTSNYANWVOQKPGQAPRG
YL-09 LIGGTNKRAPGVPARFSGSLLGCKAALTLSGAQPERDEAEYYCALWYSN | 646
LWVEFGGGTKLTVL

QAVVIQEPSLSTSPGETIVILTCGSSTGAVTITSNYANWVOOKPGQAPRG
Yi-18 LIGGTNKRAPGVPARFSGSLLGCGKAALTLSGAQPEDEAEYYCALWYSN | 647
LWVEGGGTKLITVL

QAVVTQEPSLSASPGGTVTLTCGSSTGAVTTSNYANWVOORPGQAPRG
YEi-11 LIGGTNRKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN | 648
LWVEGGGTKLTVL

QAVVTIQEPSLTVSPGVIVILTCGSSTGAVITSNYANWVQOKP GOAFRG
Vi-12 LIGGTNRKRAPGVPARFSGSLLGCGKAALTLSGACPEDEAEYYCALWYSN | 649
LWVEFGGGTKLTVL

QAVVTQEPSLTVSPGGTVTILTCRSSTGAVTTSNYANWVQOKPGQAPRG
Vi-13 LIGCTNRKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN | 650
LWVFGGGETKLTVL

QAVVTQEPSLTVSPGGCTVILTCASSTGAVTTSNYANWVQOKPGQAPRG
Vi-14 LIGGTNKRAPGVPARFSGELLGGKAALTLSGAQPEDEAEYYCALWYSN | 651

LWVEGGGTKLTVL

QAVVTQERPSLTVSPGGTVILTCGSSTGAVTSGNYANWVOOKP GOAPRG
YVi-15 LIGGTNKRAPGVPARFSGELLGGKAALTLSGAQPEDEAEYYCALWYSN | 652
LWVFGGGTKLTVL

QAVVTQEPSLTVSPGGTVILTCGSSTCAVTTSNYPNWVOOKPGQAPRG
ViL-16 LIGGTNKRAPGVPARFSGSLLGCKAALTLSGAQPEDEAEYYCALWYSN | 411
LWVFGEGTKLTVL

QAVVIQEPSLTIVSPGETIVILTCGSSTGAVTTSNYVNWVOQKP GOAPRG
YEi-17 LIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN | 653
LWVEGGGTKLTVL

QAVVIQEPSLIVSPGGETIVILTCGSSTGAVITSNYANWVOORPDHLFRG
Yi~-18 LIGGTNKRAPGVPARFSGSLLGCKAALTLSGAQPERDEAEYYCALWYSN | 654
LWVEFGGGTKLTIVL
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QAVVTQEPSLTVSPGGTVILTCGSSTGAVTITSNYANWVQOKPGOAPRG
Yi-18 LIGGTNRRAPWTPARFSGSLLGGKAALTLSGACPEDEAEYYCALWYSN | 655

LWVEGGGTKLTVL

QAVVTQEPSLTVSPGGTVILTCGSSTGAVTTSNYANWVQOKP GOAPRG
Vi-20 LIGGTNKRAPWSPARFSGSLLGGKAALTLSGAQPEDEARYYCALWYSN | 656

LWVEGGGTKLTVL

QAVVTQEPSLTVSPGGTVILTCGESSTCAVTTSNYANWNVOOKPGQAPRG
VE-21 LIGCTNKRAPGVPARFSGILIGGKAALTLSGAQPEDEAEYYCALWYSN | 6
LWVFGGGTKLTVL

1
g

QAVVTQEPSLTVSPGCTVILTCGSSTCAVTTSNYANWVOOKEGQAPRG

VE-22 LIGGTNKRAPGVPARFSGSLLGDKAALTLSGAQPEDEAEYYCALWYSN | 658
LWVEGGGTKLTVL

QAVVTIQEPSLTVSPGETVILTCGSSTGAVTTSNYANWVOQKP GQAPRG
YE-23 LIGGTNKRAPGVPARFSGSLLGNKAALTLSGAQPERDEAEYYCALWYSN | 659
LWVEFGGGTKLTVL

QAVVIQEPSLTIVSPGETIVILTCGSSTGAVTITSNYANWVOOKPGQAPRG
Yi-24 LIGGTNKRAPGVPARFSGSLLGCGKAALTITGAQPEDEAEYYCALWYSN | 660
LWVEGGGTKLITVL

QAVVTQEPSLTVSPGGETVTLTCGSSTGAVITTSNY ANWVQORPGQAPRG
YE-25 LIGGTNRKRAPGVPARFSGSLLGGKAALTLSGVOPEDEAEYYCALWYSN | 661
LWVEGGGTKLTVL

QAVVIQEPSLTVSPGGTVILTCGSSTGAVTTSNYANWVQOKP GOAFRG
VEi-26 LIGGTNKRAPGCVPARE SGSLLGCGKAALTLSGAQPEDESDYYCALWY SN
LWVEFGGGTKLTVL

[on
[&X)
D2

QAVVTQEPSLTVSPGGTIVTILTCGSSTGAVITSNYANWVQOKPGQAPRG
Vi-27 LIGCTNRKRAPGVPARFSGSLLGGKAALTLSGAQPEDESQYYCALWYSN | 663
LWVFGGGETKLTVL

QAVVTQEPSLTVSPGCTVILTCGSSTGAVTTSNYANWVQOOKPGQAPRG
Vi-28 LIGGINKRAPGVPARFSGIITGGKAALTLSGAQPEDEAEYYCALWYSN | 664

LWVEGGGTKLTVL

QAVVTQERPSLTVSPGGTVILTCGSSTGAVTTSNYANWVOOKP GQAPRG
ViL-29 LIGGTNKRAPGVPARFSGELLGGKAALTLSCGAQADDEAEYYCALWYSN | 665
LWVFGGGTKLTVL

QAVVTQEPSLTVSPGGTVILTCGSSTCAVTITSNYANWVOOKPGEAPRG
VL-30 LIGGTNKRAPGVPARFSGSLLGCKAALTLSCAQPEDEAEYYCALWY SN | 666
LWVFGEGTKLTVL

QAVVTIQEPSLTIVSPGETIVILTCGSSTGAVTITSNYPNWVOQOKP GOAPRG
YE-31 LIGGTNKRAPGTPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN | 406
LWVEGGGTKLTVL

QAVVIQEPSLIVSPGGETIVILTCGSSTGAVITSNYANWVOORPGOAPRG
Yi-~32 LIGGTNKRAPGTPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN | 413
LWVEFGGGTKLTIVL
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[871%9] 14 unique variants with various combinations of one or more mutations in heavy chain
variable regions were generated, and 5 unique variants with various combinations of one or more
mutations i light chain variable regions were generated from SP34. 1gG1 heavy and light chains
with combinations of the mutated variable domains were cloned into the mammalian expression
vector pcDNA3 3 (Thermo Fisher Scientific). 50 of IgG sequences were identified and
confirmed in further Jurkat full dose binding and Jurkat-NFAT reporter gene assay, as described
below.

Certain variants of SP34 were generated and placed 1u a bispecific format with the anti-HER2
light chain ("LC17) according to SEQ D NO: 112, and the anti-HER2 heavy chain ("HC1™)
according to SEQ I NO: 113, The anti-CD3 heavy chains (“HC27) of these antibodies are
shown in Table 5H, below. Each heavy chain in Table SH comprises, from N- to C-terminus, a
VL (bolded), a linker {the amino acid sequence GGGGSGGGGSGGGGSGGGGR), a VH

(italicized), and two CH domains. The CDRs are bolded, underlined, and italicized.

TABLE 5H. Anti-CD3 antibody heavy chains

SEQ
IeG ID Anti-CD3 Heavy Chain Amino Acid Sequence HE
NG

EAVVIQEPELTVSPGGTVILICRSSTGAVI TSNYANWVOORKPGOAPRGLIGET
KFRAPGVPSRF SGELLGGRAALTLEGAQPEDEARYYCALWY SDHRVE GEETEL
EVLCGGGSGGGEESGGEGSGEGESEVRLVESGGEGLVOPGGSLRLSCAASGETES
SYAINWVROQAPGRGLEWVGRIRSKYNNYATYYADSVRGRF TISRODSKNTLYL
QINSLRAEDTAVYYCARHGNFGTSYVSYWAYWGOGTLVIVSSEPKSSDKTHTC
PPCPAPELLGGPSVELFPPRPKDTIMISRTPEVTICVVVEYSHEDPEVKENWYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAP T
EKTISKAKGOPREPQVYTDPPSRDELTKNQVSLICLVDGEYPSDIAVEWESNG
QPENCYKTIPPVLDSDGSFFLY SKLTVDRSRWOOGNVESCSVMHEATLHNHEYTQ
DSLSLSPCGK

TY25520

QAVVIQEPSLIVSPGGIVILICPSS TCGAVI TSNYANRVOORPCGOAPRGLIGET
REFRAPCTPARF SGSLLGCKARLTLSGAQPREDEARYYCALWY SDHWNVEGGETKL
TVLGCGGGCSGGGEGSGGEEEGEEESEVQRLVESGGGLVKPGGSLRLESCAASGETES
SYAINWVRQOAPGKGLEWVGRIRSKYNNYATYYADSVEDRF TISRDDSKNTLYL
QLNSLRAEDTAVYYCVREGNFGTSYVSYHAYWGOGTLVITVSSEPKSSERKTHTC
PPCPAPELLGGPSVELEPPKPKDTLMISRTIPEVICVVVDVSHEDPEVRKENWYV
DGVEVENAKTKPREEQYASTYRVVEVLTVLEQDWLNGKEYKCKVSNEALPAP T
ERTISKARKGQPREPQVYTDPPSRDELTENQVSLTCLVDGEYRPSDIAVEWESNG
QPENCYKTTPPVLEEDGISFEFLYSKLTVDKSRWQOCNVESCSVMHEALHNEYTQ

DSLSLSPGK

TY25521 674
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TY25523

QAVVIQEPSLIVERPGGIVILICGSSTCAVTI TSNYANRVOORPCGOAPRGLIGETY
NERAPGVPARY SGSLLGEEAALTLSGAOPEDEARYYCALWY SNHWVE GGETKL
TYVLGGCGGSGCEGESGEGCEEGGEEESEVOLVESGGGLVPGGSLRLSCAASGETES
SYAINWVRQOAPGCKGLEWVGRIRSKYNNYATYYAESVREGRF TISRDDSKNTLYL
QINSLRAEDTAVYYCVREGNYGTSYVESYHAYWCQGTLVTVSSEPKSSEKTHTC
PPCPAPELLGGPSVFLEPPKPEKDTLMISRTPEVICVVVDVSHEDPEVRKENRWYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHQDWLNGRKEYKCKVSNEKALPAP I
ERKTISKARGOPREPQVYTDPPSRDELTKNQVSLTCLVDGEFYPSDIAVEWESNG
QPENCYKTTPPVLDEDGSFFLYSKLTVDKSRWCOGNVESCSVMHEATLHNHYTQ
DSLSLSPGK

675

TY25524

EAVVTQEPSLTVSPGGTVILTCGSSTCAVITSNYANWVOORKPGOAPRGLIGGT
KFRAPGIPARFSGSLLGGRKAALTLSGAQPEDEARYYCALWYSDHRVE GGGTKL
TVLCCGCESGGCEGSGGEGSGCEESEVOLVESGGCLVOPGGSLRLSCAASGETES
TYAINWVROAPGRKGLEWVGRIRSKYNNYATYYAESVRGRFTISRODSKNTLYL
OINSLRAEDTAVYYCARHGNFGTSYVSWEAYWGOGTLVIVSSEPKSSDKTHTC
PPCPAPELLGGPSVELFPPRKPKDTIMISRTIPEVICVVVEYSHEDPEVKENWYV
DGVEVENAKTKPREEQYASTYRVVSVLTVLEODWLNGKEYKCKVSNKALPAR T
EKTISKAKGOPREPQVYTDPESRDELTKNQVSLTCLVDCGEYPSDIAVEWESNG
QPENCYKTIPPVLDSDGSFFLY SKLTVDRKSRWOQGNVESCSVMHEALHNHEYTQ
DSLSLEPCK

676

TY25525

QAVVIQEPSLIVEPGGIVILICGSSTGAVITSNYPNRVOORPCGOAPRGLIGETY
NERAPGVPARY SGSLLGEEAARLTLSGAOPEDEARYYCALNY SNLWVEGGETKL
TVLGGGGSGGCGGESGEGEEEGEEESEVRLVESGGGLVKPGGSLRLSCAASGETES
SYAINWVRQOAPGRKGLEWVGRIRSKYNNYATYYAESVREGRF TISRDDSKNTLYL
QINSLRAEDTAVYYCVREAGNFGNSYVSYHAYWGQGTLVIVSSEPKSSDRKTHTC
PPCPAPELLGGPSVEFLEPPKPKDTLMISRTPEVICVVVDVSHEDPEVRENWYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHQDWLNGRKEYKCKVSNEKALPAP I
EKTISKARGQPREPQVYTDPPSRDELTENQVSLTCLVDGEFYPSDIAVEWESNG
QPENCYRKTTPPVLDEDGSFFLYSKLTVDKSRWCOGNVESCSVMHEATLHNHYTQ
DSLSLSPGK

TY235526

EAVVIQEPSLTVSPGGTVILTCGSSTGAVITENYPNRVOORKPGOAPRGLIGGT
KFRAPGIPARFSGSLLGGRKAALTLSGAQPEDEARYYCALWY SNHRVE GGETKL
TVLCCGCESGGCEGSGGEGSGEEESEVOLVESGGCLVOPGGSLRLSCAASGETFS
TYAINWVROAPGRGLEWVSRIRSKYNNYATYYAESVRGRFTISRDODSKNTLYL
QINSLRAEDTAVY YCVRHGNFGTESYVEYWAYWGOGTLVIVSSEPRSSDKTHTC
PPCPAPELLGGPSVELFPPRPKDTLMISRIPEVICVVVBVSHEDPEVKENNYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHEHODWLNGKEYKCKVSNKALPAR T
EKTISKAKGOPREPQVYTDPPSRDELTKNQVSLTCLVDGEYPSDIAVEWESNG
QPENCYKTIPPVLDSDGSFEFLY SKLTVDRSRWOOGNVESCSVMHEALHNHEYTQ
DSLSLEPCK

678
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EAVVIQER SLIVSPGGRIVILICGSSTGAVTTSNYANWVOOKPGQAPRGLIGET
RERAPGCAPARY SGSLLGEEAALTLSGAOPEDEARYYCALWY SNHWVE GGETKL
TVLGGCGGSGCEGESGEGCEEGEEESEVOLVESGGGLVKPGGSLRLSCAASGETES
TYAINWVROAPGCKGLEWVGRIRSKYNNYATYYADSVEGRF TISRDNSENTLY L
QLNSLRAEDTAVYYCARBGNFGNSYVESYHAYWCQGTLVITVSSEPKSSEKTHTC
‘ PPCPAPELLGGPSVFLEPPKPEKDTLMISRTPEVICVVVDVSHEDPEVRKENRWYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHQDWLNGRKEYKCKVSNEKALPAP I
ERKTISKARGOPREPQVYTDPPSRDELTKNQVSLTCLVDGEFYPSDIAVEWESNG
QPENCYKTTPPVLDEDGSFEFLYSKLTVDKSRWCOGNVE SCEVMHEATLHNHYTQ
DSLSLSPGK

TY255:

b
~

679

QAVVTQEPSLTVSPGGIVILICGSSTGAVTI TSNYPNRVOOKPGOAPRGLIGGT
KFRAPGAPARF SGSLLGGRKAALTLSGAQPEDEARYYCALWYSDHRVE GGGTKL
TVLCCGCESGGCEGSGGEGSGCEESEVOLVESGGCLVOPGGSLRLSCAASGETES
SYAINWVRQAPGRGLEWVGRIRSKYNNYATYYADSVEDRFTISRONSKNTLYL
TY25528 OLNSLRAEDTAVYYCVRHGNFGNSYVSYWAYWGOGTLVIVSSEPKSSDKTHTC 680
o PPCPAPELLGGPSVELFPPRKPKDTIMISRTIPEVICVVVEYSHEDPEVKENWYV
DGVEVENAKTKPREEQYASTYRVVSVLTVLEODWLNGKEYKCKVSNKALPAR T
EKTISKAKGOPREPQVYTDPESRDELTKNQVSLTCLVDCGEYPSDIAVEWESNG
QPENCYKTIPPVLDSDGSFFLY SKLTVDRKSRWOOQGNVESCSVMHEALHNHEYTQ
DSLSLEPCK

EAVVIQERSLIVSPGGIVILICGSSTGAVTTSNYANWVOORKPGQAPRGLIGET
NERAPGVPARY SGSLLGEEAARLTLSGAOPEDEARYYCALNY SDLWVEGGETKL
TVLGGGGSGGCGGESGEGEEEGEEESEVRLVESGGGLVKPGGSLRLSCAASGETES
SYAINWVRQAPGKGLEWVGRIRSKYNNYATYYADSVEGRF TISRDDSKNTLYL
QINSLRAEDTAVYYCVREAGNYGTSYVESYWAYWGQGTLVIVSSEPKSSDRKTHTC
PPCPAPELLGGPSVEFLEPPKPKDTLMISRTPEVICVVVDVSHEDPEVRENWYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHQDWLNGRKEYKCKVSNEKALPAP I
EKTISKARGQPREPQVYTDPPSRDELTENQVSLTCLVDGEFYPSDIAVEWESNG
QPENCYRKTTPPVLDEDGSFEFLYSKLTVDKSRWCOGNVE SCESVMHEALHNHYTQ
DSLSLSPGK

TY25529 681

EAVVIQEPSLTVSPGGTVILTCASSTGAVITENYPNRVQORKPGOAPRGLIGGT
KFRAPGVPARF SGSLLGGRKAALTLSGAQPEDEARYYCALWY SNHRVE GGETKL
TVLCCGCESGGCEGSGGEGSGEEESEVOLVESGGCLVOPGGSLRLSCAASGETFS
SYATHWVRQAPGRGLEWVGRIRSKYNNYATYYRAESVREDRFTISRDODSKNTLYL
TY25531 QLNSLRAEDTAVY YCARHGNFGNSYVEYWAYWGOGTLVIVSSEPRSSDKTHTC
o PPCPAPELLGGPSVELFPPRPKDTLMISRIPEVICVVVBVSHEDPEVKENNYV
DGVEVHENAKTKPREEQYASTYRVVSVLTVLHEHODWLNGKEYKCKVSNKALPAR T
EKTISKAKGOPREPQVYTDPPSRDELTKNQVSLTCLVDGEYPSDIAVEWESNG
QPENCYKTIPPVLDSDGSFEFLY SKLTVDRSRWOOGNVESCSVMHEALHNHEYTQ
DSLSLEPCK

682

Assessment of SF34 variants
[#728] The activity of the antibodies was measured 1n a Jurkat-NFAT reporter assay (FIG. 17).
Jurkat-NFAT-1uc2 cells were thawed, washed and cultured i the incubator. Sample dilutions of

test articles were prepared in assay medium consisting of RPM 1640 supplemented with 1% FBS

258



WO 2022/171192 PCT/CN2022/076000

as indicated in the figure. 1x10° Jurkat-NFAT-luc2 cells/well were added to the 96-well plate and
meubated with 50 ul of test antibodies for & hours. After incubation of about 6 hours, 80 ul per
well ONE-Glo Luciferase Assay buftfer was added to the 96-well plate, and 100 uL supernatant
was collected for measuring luminescence using a plate reader.

[8721] Dose-dependent binding of the antibodies to Jurkat cells was alsc measured (FIG. 18).
The Jurkat cells were thawed, washed, and cultured in an incubator. Diluted samples of antibody
were prepared in assay buffer consisting of DPBS supplemented with 2% FBS as indicated in the
figure. Jurkat cells were washed and 1x10° Jurkat cells/well were aliquoted into 96-well plate
and mncubated with test articles for 1 hour at 4°C. After centrifugation and washing, Jurkat cells
were further incubated with the secondary antibody APC anti-Human [gG for 30 minutes at 4°C.
After centrifugation and washing, the Jurkat cells labelled with antibodies were re-suspended in
2% ¥BS DPBS and then were analyzed by FACS.

Results

(87227 As shown in FIG. 17, all tested antibodies activated the NFAT reporter with a potency
comparable to control antibody TAC2225. As shown in FIG. 18, all tested antibodies showed
fevels of Jurkat cell binding activity that were similar to control antibody TAC2225. Antibodies
TYZ24742, TY 24557, TY 24563, TY243566, TY24569, and TY24555 were chosen for further
analysis,

[#723] The dissociation constants of further anti-CD3 antibodies derived from SP34 were
determined using a Fortebio system. Further, the ability of the antibodies to measure D3 in
ELISAs and Jurkat cells was measured. As shown i Table 51, anti-CD3 antibodies had a variety

of binding affinities. In Table 5k, a dash indicates that data is not available for a given sample.

TABLE 51. Anti-CD3 antibody CD3 binding data

TeG ID F@rftepio Kp ELIS{& .- Jurkat ceﬂ binding
{nh) ECs (nVD ECsn (nM)

TY25520 8.03 45.1 -
TY25521 13.1 56.6 -
TY25523 17.2 65.8

TY25524 8.04 555.6 260
TY25525 3.65 2.66 6.88
TY25526 - 533.6
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TY25527 283 362.7

TY25528 ND 483600 > 1000
TY25529 51.8 397.7 -
TY25531 8.53 432.3 -

Example 5. Generation and characterization of heterodimeric HERZxCD3 T-cell-engaging
bispecific antibody

Materials and Methods

Generation of anti-HER2 and anti-CD3 bispecific antibodies using variants of anti-CD3
antibody SP34

[8724] A heterodimeric bispecific (anti-HERZ2 and anti-CD3) scaffold was designed using the
TYM13 Fe mutant. Specifically, the anti-HERZ light chamn-heavy chain half antibody
trastuzumab and an anti-CD3 scFv-Fe chain were combined to form a bispecific antibody, with
TYMI13 mutations in heterodimeric-Fe domain, The SP34 vaniants TY24742, TY24557,
TY24563, TY24566, TY24569, and TYZ24555 described in Example 4 were selected for
constructing CD3 bispecific T-cell-engaging bispecific antibodies using this scaffold. In addition,
variants of TY24742 and TY24557 were generated and constructed using the same format of
D3 bispecific antibody. For comparison, corresponding antibodies having “Xencor mutations”
E357Q, S364K-L368°D, K370’S were also constructed (see summary in Table 6, below).

[6725] To generate the bispecific antibodies, plasmids encoding the heavy chain, light chain, and
scHv-Fe chain were transiently transfected into mammalian cells. Bispecific antibody-containing
cell culture supernatants were harvested 7 days after transfection by centrifugation at 14000 g for
30 minutes, and were filtered through a sterile filter (0.22 pm). Antibodies were purified by
protein A affinity chromatography using MabSelect SuRe prepacked columns {GE Healthcare)
and were subsequently buffer exchanged in 20 mM histidine (pH 5.5} buffer.

Assessment of anti-HER2 and anti-CD3 bispecific antibodies

[6726] The binding affinities of the anti-CD3 variant bispecific antibodies were analyzed
through enzyme-linked immunosorbent assays (ELISAs) (see FIG, 19). 2 ug/mkL of human CD3
(= and O chain heterodimer) fused with human Fe fragroent, were prepared and used to coat the
ELISA plate at 2-8°C overnight. After washing and blocking, 50 pl. senial diluted IgGs were
added and incubated at 37°C for 1 hour. Plates were washed three times and then incubated with

50 ul/well TMB substrate at room temperature for about 20 minutes. Absorbance at 450 nm was
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measured after the reaction was stopped. The concentration of each antibody that produced half-
maximal binding to CD3gd 1s reported as the ECse in oM, in Table 6, below.

Results

(67271 As shown in Table 6A and FIG. 19, the anti-CD3 and anti-HER?2 antibodies variants
showed a wide range of binding activities, with ECsos ranging from 5.7 nM to 110.6 nM.
Antibody TY25023 had the highest ECsp value of 110.6 oM, indicating that, of the antibodies
tested, TY25023 had the lowest affinity for binding CD3ed. TY25236 and TY25023, which were
both constructed using the anti-CD3 VH and VL seqences of TY24742 but were constructed in
different bispecific formats, exhibited similar activity levels, binding CD326 at an ECso of 100.8

nM and 110.6 nM, respectively.

TABLE 6A. List of HER2xCD3 bispecific antibodies consisting of different anti-CD3 sclv

mautants
igGID ¥e mutant a;}ij;gg? q’iggfii) isi(itf - @;&i %)

‘ (ndM) o
TY24051 | TYMI3, N297A TAC2225 64.7 2.0 3.1
TY25236 fs(f;% ?f’?éés TYZ24742 22.8 100.8 NP
TY25023 1 TYMI3, N287A TY24742 17.7 110.6 3.1
TY25024 | TYMI3, N297A TY24757 12.1 NA 2.4
TY25237 | TYMI3, N297A TY24742-Mutl 13.7 79.3 3.1
TY25228 | TYMI3, N297A TY24563 329 76.6 2
TY25227 1 TYMI3, N297A TY24557 344 51.8 2.4
TY25230 1 TYMIZ, N297A TY24569 43.2 50.9 2.8
TY25229 | TYMI3, N297A TY24566 43.1 50.1 2.7
TY25238 | TYMI3, N297A TY24742-Mut2 32.9 i6.9 23
TY25239 1 TYMI3, N297A TY24742-Mut3 32 i5.6 29
TY25243 1 TYMI3, N2974A TY24757-Mut2 31.5 14.1 22
TY25231 1 TYMI3Z, N287A TY24555 36.5 i2.9 2.6
TY25244 | TYMI3, N2974A TY24757-Mut3 30.5 7.1 3.7
TY25241 1 TYMI3, N297A TY24742-MutS 30.6 6.2 1.9
TY25240 1 TYMI3, N297A TY24742-Mut4 347 5.7 2.6
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[8728] The ability of HER2xCD3 bispecific antibodies to bind CD3 was measured using Biacore
SPR and Fortebio assays, as shown in Table 68. In Fable 68, a dash indicates that data is not

available for a given sample.

TABLE 6B. HER2xCD3 bispecific antibody CD3 binding data

T¢G ID anﬁmfjﬂ.% Biacorg Kp | Cy Eia@{re For&ghiq Kp
Variant {nM) Ko (nMV) (M)
TY 24051 TAC2225 2.55 3.81 6.64
TY25023 TY24742 51.47 104.4 45.38
TY25227 TY24557 1.87 - 38.2
TY25238 TY24742-Mut2 3.33 - 16.63
TY25243 TY24757-Mut2 - - 18.8
TY25231 TY24555 - - 19
TY25244 TY24757-Mut3 - - 115
TY25241 TY24742-Mut5 - - 9.87
TY25240 TY24742-Mutd - - 10.7

[#72%] Further experiments were performed to compare the CD3 binding, Jurkat cell binding,
cell killing activity, and reporter activation of the bispecific antibodies TY24051 and TY25023,
as shown in Table 6C. In Table 6C, a dash indicates that data is not available for a given

sample.

TABLE 6C. TY2405] and TY25023 CD3 binding and activity data

cy Reporter assay

1oG p | 20t-CD3 | ELISA | ELISA J ‘gig:;:” Cell killing assay | Jurkat-NFAT
i Variant ECso | ECse (nb) 5O (ﬂ“j’f) ECss (ng/mi) reporter assay
(nM) B ECse (ng/mL)

TY24051 | TAC2225 0.9 P 18051 153 1102100601031 0.17 1122111074

TY25023 | TY24742 1 225 14341 - 1>1000 480 | 0.0510.243 1047214141091 |1.75
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[8738¢] The amino acid sequences of the CDRs of the anti-CD3 scFv of HER2ZxCD3 bispecific
antibodies are shown in Table 7, below. In Table 7, the CDRs are defined according to the Kabat

numbering scheme.

TABLE 7. Amino acid sequences of anii-CD3 CDRs

G ID IRGID e SEQ ID
(bispemﬁc (CD3 scFv) CDbR Amino Acid Sequence NO
antibody)
TAC2228 CDR-HI | TvaMn 376
CDR-H2Z | RTRSKYNNYATYYADSVKG 391
V24651 {T?R--HS HONFGNSYVSWEAY q75
CDR-L1 | GSSTGAVTTSNYAN 396
CDR-L2 | GTNKRAP 380
CDR-L3 | ALWYSNLWV 381
TY24742 CDR-HL | TYAIN 390
(\/Lé};}j VH- "R RIRSKYNNYATYYAESVKD 392
TY25236 CDR-H3 | HGNFGTSYVSWRAY 395
CDR-LI | GSSTGAVTTSNYPN 397
CDR-L2 | GTNKRAP 380
CDR-L3 | ALWYSDLWV 400
TY24742 CDR-HI | TYAIN 390
WL";}SZ)A H- 1"CDRH2 | RIRSKYNNYATYYAESVEKD 392
TY25623 ' CDR-H3 | HONFGTSYVSWFAY 393
CDR-LL | c387GAVTITSNYPN 397
CDR-L2 | GTNKRAP 380
CDR-L3 | ALWYSDLWV 400
TY24757 CDR-HI | TYATN 390
(‘Vi‘f ;;’VH‘ CDR-H2 | RIRSKYNNYATYYAESVKD 392
TY 35024 ' CDR-H3 | HONFGTSYVSWFAY 395
CDR-LI | GSSTGAVTTSNYAN 396
CDR-L2 | cTNRRAP 380
CDR-L3 | ALWYSTLWV 401
FY24742- CDR-HI | 7vyATN 390
(‘/’E{?;%H- C:DR--HZ RIRSKYNNYATYYADSVKD 3?3
TY25237 38) (:DR--HS HGNFGTSYVSWFAY 395
CDR-LI | GSSTGAVTITSNYPN 397
CDR-L2 | GTNRRAP 380
CDR-L3 | aLwysNLwv 381
TY25228 TY24563 CDR-H1 | TyamN 376
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(VL-03/VH- | CDR-H2 | RIRSKYNNYATYYADSVKD 393

04) CDR-H3? | HGNFGTSYVSWFAY 395

CDR-LI | GSSTGAVTTSNYAN 396

CDR-L2 | GTNRRAP 380

CDR-L3 | ALwysSTLWV 401

TY24557 | CDR-HI | Tvamn 376

(ngf;’\/}i— CDR-H2 | RIRSKYNNYATYYADSVKD 393

TY25227 (DRHQ HGNFGTSYVSWFAY 395
CDR-L1 | GSSTGAVTTSNYPN 397

CDR-L2 | GTNRRAP 380

CDR-L3 | ALWYSDLWV 400

TY24569 | CDRHI | Tyamy 376

(-VL"{?:‘)NH" CDR-H2 | RIRSKYNNYATYYADSVKD 393

V25230 CDR-HE HGNFGTSYVSWFAY 95
CDR-L1 | RSSTGAVTTSNYAN 398

CDR-L2 | GTKFRAP 399

CDR-L3 | ALWYSDLWV 400

TY24586 CDR-HU | TvaMmn 376

(VL"gf;VH" CDR-H2 | RIRSKYNNYATYYADSVED 393

TV25229 CDR-H3 | HGNFGTSYVSWFAY 395
CDR-L1 | RSSTGAVTTSNYAN 398

CDR-LZ | GTKFRRP 399

CDR-L3 | ALWYSDLWV 400

TY24742- | CDRHL | ryain 390

{Wﬁ‘;ﬁl,ﬁn CDRHz RIRSKYNNYATYYAESVEG 394

Ty25238 36) CDR-H3 | HGNFGTSYVSWFAY "‘)f
CDR-L1 | GSSTGAVTTSNYPH 397

CDR-L2 | GTNKRAP 380

CDR-L3 | ALWYSNLWY 381

TY24742- | CDRHL | ryain 390

v Eﬁ;ﬁ?}i- CDR-H2 | RIRSKYNNYATYYADSVEG 391

Ty25230 a7 CI?R-—HTB HONFGTSYVSWEAY QQ*
CDR-L1 | GSSTGAVTTSNYAN 396

CDR-L2 | GTNKRAP 380

CDR-L3 | ALWYSNLWV 381

TY24757- CDR-HI | TYATN 390

TV25243 (VE%@%‘H- CDR-HZ | RIRSKYNNYATYYAESVKG 394
36) CDR-H3 | HGNFGTSYVSWFAY 395

CDR-LI | CSSTGAVTTSNYAN 396

264




WO 2022/171192 PCT/CN2022/076000

CDR-L2 | GTNKRAP 380

CDR-L3 | ATwysnLwv 381

TY2455%5 | CDR-HI | rvamMN 376

(VL§§¥VH; CDR-H2 | RIRSKYNNYATYYADSVKG 391

TY35231 (DRH’ HGNFGNSYVSWEAY 378
CDR-L1 | GSSTGAVTTSNYPN 397

CDR-L2 | GTNKRAP 380

CDR-L3 | arwyspiwv 400

TY24757- | CDR-H1 | Tyain 390

(Vl{%fgfi’ﬁm CDR-H% RIRSKYNNYATYYADSVKD 33?

TY25244 39 CDR--HJ HONFGNSYVSWFAY 378
CDR-L1 | GSSTGAVTTSNYAN 396

CDR-L2 | GTNRRAP 380

CDR-L3 | aLwyswiwv 381

TY24742- CDR-H1 | tyain 390

Wﬁigﬁifﬂ_ (—\;DR—HZ RIRSKYNNYATYYADSVEG %31

TY25241 38) CDR-H3 HGNFGNSYVSWEAY 378
CDR-LI | GSSTGAVITSNYAN 396

CDR-LZ | GTNKRAP 380

CDR-L3 | ALWYSNLWV 381

TY24742- CDR-HL | ryaIn 390

{Vﬁﬁ?ziqp ??RjHZ RIRSKYNNYATYYADSVEG Sii

TY 25240 38y CDR-H3 | HGNFGNSYVSWFAY 37 2
CDR-LI | GSSTGAVITSNYPN 397

CDR-L2Z | GTNKRAP 380

CDR-L3 | ALWYSNLWV 381

[8731] The amino acid sequences of the VH and VL regions of the anti-CD3 scFv of
HER2xCD3 bispecific antibodies are provided in Table §, below.

TABLE 8. Amino acid sequences of anti-CD3 VHs and Vs

Region of SEQ b

2GID g Amino Acid Sequence :
g antibedy ) 1 NG
pn | EVOLVESGGGLVOPGESLRLSCAASGFTFNTYAMNWVROAPGKGLEW
maneq | anii-CD3

TY24051 VH VCGRIRSKYNNYATYYADSVKGRETISRDDSKENTLYLOMNSLRAEDTA 67
VYYCVRHGNEFGNSYVEWFAYWGQGTLVIVSS

AntCD3 QAVVTQEPSLTVSPGGTVILTCGSSTGAVTTSNYANWVQOKPGQAPR
TY24051 (,";;i A GLIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWY 68
- SNLWVEGGGTKLTVL

anti-Ch3 EVOLVESGGGLVQOPGGSLRLSCAASCGEFTF STYAINWVROAPGKGLEW
TY25236 §7H VSRIRSKYNNYATYYAESVKDREFTISRDDSKNTLYLQINSLRAEDTA 402
VYYCVRHGNEGTSYVSWEAYWGQGTLVIVSS
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EAVVITQERPSLIVSPGGTVILTCGSSTGAVTTSNYPNWVOOKFP GOAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWY
SDLWVEGGGTRLTVL

TY25023

anti-Ci3
VH

EVQLVESGGGLVOPGGESLRLSCAASGFTEFSTYAINWVROAPGKGLEW
VSRIRSKYNNYATYYAESVKDRFTISRDDSENTLYLOINSLRAEDRTA
VYYCVRHGNEGTSYVSWEAYWGQGTLVIVSS

TY25023

anti-CD3
VL

EAVVTIQEPSLTVIEPGGIVILTCGSSTGAVITSNYPNWVOOKPGOAPR
GLIGGTNKRAPGTPARF SGSLLGGKAALTLSGAQPEDEAEYYCALWY
SDLWVEFGGGTKLIVL

TY25024

anti-CD3
VH

EVOLVESGGGLVQPGGSLRLSCAASCETEFSTYAINWVRQAPGEGLEW
VSRIRSKYNNYATYYAESVKDRETISRDEDSKNTLYLOINSLRAEDTA
VYYCVRHGNFGTSYVEWFAYWEQCTLVIVSS

402

TY25024

anti-CD3
Vi

QAVVTQEPSLTVSPGGTVILTCGSSTGAVTTSNYANWVQOKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGCKAALTLSGAQPEDEAEYYCALWY
STLWVEGGGTKLTVL

404

TY25237

anti-CD3
VH

EVOLVESGGGLVOPGGSLRLSCAASCGFTFNTYATINWVROAPGKGLEW
VSRIRSKYNNYATYYADSVKDREFTISRDDSKNTLYLQINSLRAEDTA
VYYCVRHGNEGTSYVSWEAYWGQGTLVIVSS

TY25237

anti-Ch3
VL

QAVVTQEPSLTVSPGGTVTLTCGSSTGAVITSNYPNWVOOKPGQAPR
GLIGGTNKRAPGTPARFSGSLLGGKAALTLSCGAQPEDEAEYYCALWY
SNLWVEGGGTKLTVL

TY25228

anti-Ci3
VH

EVQLVESGGGLVKPGGSLRLSCAASGETEF STYAMNWVROAPGKGLEW
VSRIRSKYNNYATYYADSVKDRFTISRDDSENTLYLOINSLRAEDRTA
VYYCVRHGNFGTSYVSWFAYWGQCTLVIVSES

TYZ5228

anti-CD3
VL

QAVVTQEPSLTVSPGGTIVTLICGSSTGAVITSNYANWVOORPGOAPR
GLIGGTNKRAPGTPARF SGSLLGGKAALTLSGAQPEDEAEYYCALWY
STLWVFGGGTKLTVL

404

TY25227

antt-CD3
VH

EVOLVESGGGLVKPGGSLRLSCAASCETEF STYAMNWVRQAPGEGLEW
VSRIRSKYNNYATYYADSVKDRETISRDDSKNTLYLOQINSLRAEDTA
VYYCVRHGNFGTSYVEWFAYWEQCTLVIVSS

407

<3

TY2

Lh
[N
)

anti-{CD3
Vi

EAVVTQEPSLTVSPGGTVILTCGESSTGAVTTSNYPNWVCGOKPGOAPR
GLIGGTNKRAPGTPARFSGSLLGCKAALTLSGAQPEDEAEYYCALWY

SDLWVEGGGTRLTVL

4403

TY25230

anti-CD3
VH

EVQLVESGGGLVKPGGSLRLSCAASGEF T STYAMNWVROAPGKGLEW
VSRIRSKYNNYATYYADSVKDREFTISRDDSKNTLYLQINSLRAEDTA
VYYCVRHGNEGTSYVSWEAYWGQGTLVIVSS

TY25230

anti-CD3
Vi

EAVVTQEPSLTVEPGGTIVILTCRSSTCAVTTSNYANWVOOKPGQAPR
GLIGGTKFRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWY
SDLWVEGGGTKLTIVL

anti-CD3
VH

EVQLVESGGGELVQOPGGSLRLSCAASGEFTEF STYAMNWVROAPGKGLEW
VSRIRSKYNNYATYYADSVKDRETISRDDSENTLYLOINSLRAEDRTA
VYYCVRHGNFGTSYVSWFAYWGQCTLVIVSES

409

anti-CD3
VL

EAVVTQEPSLTVSPGGTIVILTCRSSTGAVTITSNYANWVQOKPGOARR
GLIGGTRKFRAPGVPARFSGSLLGGKAALTLSCAQPEDEAEYYCALWY
SDLWVFGGGTKLTVL

408

anii-CI3
VH

EVQLVESGGGLVOPGGSLRLSCAASGETEFNTYAINWVRQAPGEGLEW
VERIRSKYNNYATYYAESVKGRFTISRDDSKNTLY LOQINSLRAEDTA
VYYCVRHGNEGTSYVSWEAYWGQGTLVTIVSS

410

TY25238

anti-{CD3
VL

QAVVTQEPSLTVSPGGTVILTCGSSTCGAVTITSNYPNWVQOKPGQAPR
GLIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWY

SNLWVEGGGTRLTVL

411

266




WO 2022/171192

TY25239

anti-CD3
VH
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EVQLVESGGGLVOPGGSLRLSCAASGEFTEFNTYAINWVROAPGKGLENW
VGRIRSKYNNYATYYADSVRGRETISRDDSKNTLYLOINSLRAEDTA
VYYCVRHGNFGTSYVSWEAYWGQGTLVIVSS

412

TY25239

anti-Ci3
A\ 5

QAVVTQEPSLTIVEPGCIVILTCGSSTGAVTTSNYANWVOQKPGQAPR
GLIGGTNKRAPGTPARFSGSLLCGGKAALTLSCAQPEDEAEYYCALWY
SNLWVEGGG 1

413

TY25243

anti-CD3
VH

EVQLVESGGGELVQOPGGSLRLSCAASGETENTYATINWVROAPGKGLEW
VCGRIRSKYNNYATYYAESVKGREFTISRDDSENTLYLOINSLRAEDRTA
VYYCVRHGNFGTSYVSWFAYWGQCTLVIVSES

410

anti-CD3
VL

QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWVQOKPGOARR
GLIGGTNKRAPGIPARFSGSLLGGRAALTLSCAQPEDEAEYYCALWY
SNLWVFGGGTKLTVL

anti-CD3
VH

EVQLVESGGGLVOPGGSLRLSCAASCFTENTYAMNWVRQAPGKGLEW
VSRIRSKYNNYATYYADRSVKGRETISRDDSKNTLYLOLNSLRAEDTA
VYYCVRHGNEGNSYVSWEFAYWGQGTLVTIVSS

414

TY25231

anti-CD3
VL

EAVVITQEPSLTVSPGGTIVILTCGESTGAVTITSNYPNWVOOKPGOAPR
GLIGGTNKRAPGTPARFSGSLLGCGKAALTLSGAQPEDEAEYYCALWY
SDLWVEGGGETRLTVL

TY25244

anti-Ch3
VH

LVESGGCLVOPGGSLRLSCAASGEFTEFNTYAINWVROAPCKGLEW
VGRIRSKYNNYATYYADSVRDREFTISRDDSKNTLYLOQINSLRAEDTA
VYYCVRHGNEGNSYVSWEFAYWGQGTLVIVSS

TY25244

anti-Ci3
VL

QAVVTQEPSLTVSPGGIVILTCGSSTGAVTITSNYANWVOORPGQAPR
GLIGGTNKRAPGTPARFSGSLLCGGKAALTLSCAQPEDEAEYYCALWY
SNLWVFGGEGTKLIVL

TYZ5241

anti-CD3
VH

EVQLVESGGGLVOPGGSLRLSCAASGETEFNTYAINWVROAPGKGLEW
VCGRIRSKYNNYATYYADSVKGREFTISRDDSENTLYLOINSLRAEDRTA
VYYCVRHGNEGNSYVEWFAYWGQGCTLVIVSS

416

TY25241

antt-CD3
VL

QAVVTQEPSLTVSPGGTVTLTCGSSTGAVITSNYANWVQOKPGOARR
GLIGGTNKRAPGIRPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWY
SNLWVEFGGGTKLTVL

413

TY25240

anti-{CD3
VH

EVOLVESGGGLVOPGGSLRLSCAASGFTEFNTYAINWVROAPGKGLEW
VGRIRSKYNNYATYYADRSVKGRETISRDDSKNTLYLOINSLRAEDTA
VYYCVRHGNEGNSYVSWEAYWGQGTLVIVSS

416

TY25240

anti-CD3
VL

QAVVTQEPSLIVSPGGTVILTCGSSTGAVTTSNYPNWVOOKP GOAPR
GLIGGTNKRAPGVPARFSGSLLGCGKAALTLSGAQPEDEAEYYCALWY
SNLWVEGGGTRKLTVL

411

[#732] The amino acid sequences of the anti-CD3 scFv of TY25023 and TY25238 are provided

in Table 9, below

TABLE 9. Amino acid sequences of TY25023 and TY25238 anti-CD3 VH scFvs

ieGID

Region of
antibody

Amino Acid Sequence

TY25023

anti-CD3
scFv

EAVVIQEPSLIVSPGGTVILTCCSSTGAVITSNYPRWVQOKP GO
APRGLIGGTNKRAPGIPARFSGSLLGGKAALTLSGAQPEDEAEY
YCALWYSDLWVEGGGTKLTVLGGGGSGGEGGEGEEESGEEESEVY
LVESGGGLVQPGGSLRLSCAASCGEF TEFSTYAINWVRQAPGRKGLEW
VSRIRSKYNNYATYYAESVKDRETISRDDSKNTLYLOINSLRAE
DTAVYYCVERHGNFGTSYVSWFAYWGQGTLVTIVSS
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TY25238

anti-CD3
scFv

QAVVTQEPSLTVSPGGTVILTCGSSTGAVITENYPRNWVQOKP GO
APRGLIGGTNKRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEY
YCALWY SNLWVEFGGGTKLTVLGGGEGSGEGESGEEESGGEEGESEVQ
LVESGGGLVQPGGSLRLSCAASGEFTENTYAINWVROAPGKGLEW
VGRIRSKYNNYATYYAESVKGRETISRDDSKNTLYLOINSLRAE
DTAVYYCVRHGNFGTSYVSWEFAYWGOGTLVTIVSS

422

[6733] The anti-HER?2 arms of TY25023 and TY25238 are identical to the parent anti-HERZ
antibody trastuzumab. The anti-HERZ CDRs of TY25023 and TY25238 are provided in Table

19, below. In Table 18, the CDRs are defined according to the Kabat numbering scheme.

TABLE 10. Amino acid sequences of TY25023 and TY25238 anti-HER2 CDRs

CBR TY2Z3623 & TY25238 SEQ ID NO
CDR-H1 | DTYIH 423
CDR-H2 | RIYPTNGYTRYADSVKG 424
CDR-H3 | WGGDGFYAMDY 71
CDR-L1 | RASQDVNTAVA 72
CDR-L2 | SASFLYS 73
CDR-L3 | QQEYTTPPT 74

[8734] The amino acid sequences of the VH and VL regions of the anti-HER2 arms of TY25023
and TY25238 are provided in Table 11, below

TABLE 11. Amino acid sequences of TY25023 and TY25238 anti-CD3 VH and VL

Begion of . . SEQ ID
IsGID anéba dv Amine Acid Sequence N OQ
TY25023 anti-HER2 EVQLVESGGGLVOPGESLRLSCAASGEFNIKDTYIBWVROAPGKG
and ;qg o LEWVARIYPTNGYTRYADSVKGRETISADTSKNTAYLOMNSLRA | 75
TY25238 | 5 EDTAVYYCSRWGGDGFYAMDYWGQGTLVIVSS
TY25023 anti-HER? DIQMTQSPSSLSASVEDRVTITCRASODVNTAVAWYQQRPGKAP
and VL KLLIYSASFLYSGVPSRFSGSRSGTIDFTLTISSLOPEDFATYYC | 76
TY 25238 QQHYTTPPTFGOGTRVEIKR

[8735] Finally, the amino acid sequences of the full-length heavy and light chains of TY25023
and TY25238 are provided in Table 12, below. Heavy chain 1 (HC1) and light chain (LC1) are

the anti-HER2 portions of the antibodies, and heavy chain 2 (HC2) is the anti-CD3 portion of the

antibody. The heavy chains sequences below are provided with the C-termunal lysine.
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TABLE 12. Amino acid sequences of TY25023 and TY25238 heavy and light chains

1eG ID

Antibody
chain

Amino Acid Sequence

SEQID
NO

LCI

DIOMTQSPSSLSASVGRRVILITCRASCDVNTAVAWYQORPGRAR
KLLIYSASFLYSGVPSRESGSRSGTIDFTLTISSLOPEDFATYYC
QCHYTTPPTFGOGTRKVEIKRTVAARSVE IFFPSDEQLKSGTASY
VCLLNNEYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVITKSENRGEC

112

TY25023

HC1

EVQLVESGGGLVOPGGSLRLSCAASGEFNIRKDTY THWVRQAPGKG
LEWVARIYPTNGYTRYADSVRKGRFTISADTSKNTAYLOMNSLRA
EDTAVYYCSRWGGDCGEFYAMDYWGOGTLVIVSSASTKGP SVEPLA
PSSKSTSCGGTAALGCLVKDYEFPERPVIVSWNSGALTSGVHTEFPAY
LOSSGLYSLSSVVIVPSSSLGTOTYICNVNHKP SNTKVDKKVER
KSCDRTHTCPPCPAPELLGGPSVELEPPRPKDTLMISRTPEVTC
VVVDVEHEDPEVEFNWYVDGVEVHNAKTKPREEQYASTYRVVSY
LIVLHODWLNGKEYRKCKVSNRKALPAP TEKTISKAKGQPREPQVY
TLPPSRKKLTRNQVKLTCLVKGEFYPSDIAVEWESNGOQPENNYKT
TPPVLDCDGSFFLYSKLTVDKSRWQOQGNVE SCSVMHEALHNHYT

QKESLSLSPGK

475

TY25023

BC2

EAVVIQEPSLIVSPGGIVILTCGSSTGAVITSNY PNWVQORP GO
APRGLIGGTNKRAPGTPARFSGSLLGGKAALTLSCGAQPEDEAEY
YCALWYSDLWVEGGCTKLITVLGGCGSCGGEGESGCEEESGGEESEVY
LVESGGGLVQOPGGESLRLSCAASGETEF STYATNWVROARC
VSRIRSKYNNYATYYAESVEKDRFTISRDDSENTLYLOINSLRAE
DTAVYYCVRHGNEGTSYVSWEFAYWGQGTLVIVSSEPKSSDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHE
DPEVEFNWYVDGVEVHNAKTKEREEQYASTYRVVSVLTVLHQDW
LNGREYKCKVSNRKALPAP 1Y SKARGOPREPQVYTDPPSRDE
LTENQVSLTCLVDGEYPSDIAVEWESNGOPENCYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVE SCSVMHEALENHYTQDSLSLSP
GK

T e
GLEW

TY25238

L1

DIOMTQSPSSLSASVGDRVTIITCRASQDVNTAVAWYQQKPGKAP
KLLIYSASFLYSGVPSRESGSRSGTDFTLTISSLOQPEDFATYYC
QQHEYTTPPTEFGOGTRVE IRRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESVITEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSEVTKSFNRGEC

112

TY235238

HC1

EVOLVESGGELVQPGESLRLSCAASGENIKDTYIHWVROAPGKG
LEWVARIYPTNGYTRYADSVKGRETISADTSKNTAYLOMNSLRA
EDTAVYYCSRWGGDGEFYAMDYWGQGTLVIVSSASTKGP SVEPLA
PSSKSTSGGTAA LVEDYFPEPVIVSWNSGALTSGVHTEPAV
LOSSGLYSLESVVIVPSSSLGTOTY ICNVNHKPSNTKVDRKEVER
KSCDETHTCPPCPAPELLGGP SVELFPPKPEDTLMISRTPEVTC
VVVDVSHEDPEVKENWYVDGVEVHNARKTKPREEQYASTYRVVSV
LTVLHODWLNGKEYKCKVENKALPAP TERKTISKARKGOPREPQVY
TLPPSREKKLTKNQVKLTCLVKGEFYPSDIAVEWESNGOPENNYKT
TPPVLDCDGSFF LY SKLTVDRSRWOQGNVE SCSVMHEALHNEYT
QKSLSLSPGK

427

TYZ25238

HC2

QAVVTQEPSLTVSPGGTVILTCGSSTGAVITENYPNWVQOKP GO
APRGLIGGTNKRAPGVPARFSGSLLGCGKAALTLSGAQPEDEAEY

YCALWYSNLWVEGGGETRLIVLGGGEGSGGGESGEGESGEGESEVQ

LVESGGGLVQPGGSLRLSCAASGETENTYAINWVRQAPGKGLEW
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VGRIRSKYNNYATYYAESVKGRFTISRDDSENTLYLOINSLRAE
DTAVYYCVRE FGTSYVSWFAYWGQGTLVIVSSEPKSSDKTHT
CPPCPAPELLGGPSVFLEPPKPRDTLMISRTPEVICVVVDVSHE
DPEVEKFNWYVDGVEVENAKTKPREEQYASTYRVVSVLTVLHQDW

LNGKEYKCEY ISKAKG

LTENQVSLTCLVDGE
GSFFLYSKLTVDKSRWOQGNVESCSVMHEALENHYTQDSLSLSP
GK

Example 6. Fanctional characterization of activatable anti-CD3 variant bispecific antibody
[¢736] In order to explore the in vitre activity of the anti-CD3 bispecific antibody variants, the
bispecific antibody with the weakest CD3-binding affinity (TY25023) was selected to generate a
corresponding activatable bispecific antibody. TY24051 and its activatable bispecific antibody
TY24052 {as described in Example 1) were also tested, as a comparison.

A. Generation of activatable bispecific anti-CD3 and anti-HER2? antibody derived from SP34
variant

[8737] TY25026 was generated from TY25023 by the addition of a masking moiety and
cleavable motety (MM-CM) region on both the anti-CD3 and anti-HER2 arms. TYZ25362 was
generated from TY25023 by the addition of a masking moiety and cleavage moiety (MM-CM)
region on the anti-CD3 arm only (see schematic in FIG. 3B) The amino acid sequences of the
MM-CM region for the anti-CD3 and anti-HERZ arrms of TY25026 are provided in Table 134,

below.

TABLE I3A. Amino acid sequences of TY25026 and TY25362 masking mwieties and cleavage

maoieties
MM CM
. SEG ., . . SEQ
e D Arm Amino Acid Sequence D A;; m:;ﬁ:;d D
NO equenc NO

anti-CD3 | pnaypynpppepsHESDCDD | 417 | GGGPLGLAGES | 418

arm

TY25026 | anti-
HER2 ESDACDADEFDCQA 419 PLCGLAGSGGS 420
A

TY25362 2?;:(2)5 EVGSYPYDDPEBCPSHESDCEQ 417 GGGPLGLAGGS 418
Es

[#738] The amino acid sequences of the full-length heavy and light chains of TY25026 and
TY25362 are provided in Table 13B, below. Heavy chain 1 (HC1) and light chain (LC1) are the
anti-HERZ2 portions of the TY25026, and heavy chain 2 (HC2) is the anti-CD3 portion of
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TY25026. The heavy chains sequences below are provided with the C-terminal lysine residue

mcluded. Masking moiety sequences are bolded and underlined.

TABLE {3B.

Amino acid sequences of TY25026 heavy and light chains

1eG ID

Region of
antibody

Amino Acid Sequence

SEQ 1D
NO

TY25026

ESDACUADPFDCOAP LGLAGSGGSDICMTQOSP SSLSASVGDRVT
ITCRASQDVNTAVANYQOKPGKAPKLLIYSASFLYSGVPSRESG
SRSGTDFTLTISSLOPEDFATYYCQQHYTTPPTFGQGTKVE IKR
TVAAPSVEIEFPPSDEQLRKSGTASVVCLLNNEYPREAKVQOWKVDN
ALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHEKVYACEV
THOGLSSPVIKSENRGEC

115

TY25026

HCH

EVQLVESGGGLVOPGGSLRLSCAASGEFNIRKDTY THWVRQARPGKG
LEWVARIYPTNGYTRYADSVKGRETISADTSKNTAYLOMNSLRA
EDTAVYYCSRWGGDGEFYAMDYWGQGTLVIVSSASTKGP SVEPLA
PSSKSTSGGTAALGCLVEDYFRPEPVIVSWNSGALTSGVHTEPAV
LOSSGLYSLESVVIVPSSSLGTQTYICNVNEKPSNTKVDKRVER
KSCDKTHTCPPCPAPELLGGP SVELFPPKPEDTLMISRTPEVTC
VVVDVSHEDPEVKENWYVDGVEVANARKTKPREEQYASTYRVVSVY
LTVLHCDWLNGKEYKCKVENKALPAP TERTISKARKGQOPREPQVY
TLPPSREKKLTRKNOQVKLTCLVKCEFYFPSDIAVEWESNGQPENNYKT
TPPVLDCDGSFFLYSKLTVDKSRWOOGNVE SCSVMHEALHNRYT
QKSLSLEPCGK

429

TY25026

HC2

EVGSYRPYDDEDCRSHESDCDOGCCGE LGLAGGSEAVVTIQEPSLTV
SPGEIVILTCGSSTCAVTITSNYPNWVOOKP GOAPRCLIGGTNKR
APGTPAREFSGSLLGGKAALTLSGAQPEDEAREYYCALWYSDLWVE
GGGTELTIVLGGGGSGGEESGCELESGEGEESEVQLVESGGGLVQPG
GSLRLSCAASGFTIFSTYAINWVROAPGKGLEWVSRIRSKYNNYA
TYYAESVKDRFTISRDDSKNTLYLOINSLRAEDTAVYYCVRHGN
FGTSYVSWEFAYWGQGTLVIVSSEPKSSDKTHTCEPCRPARPELLGG
PSVELFPPKPKDTIMISRIPEVICVVVDVSHEDPEVKENNY VDG
VEVHNAKTEPREEQYASTYRVVSVLTVLHODWLNGKEYKCEKVSN
KALPAPIEKTISKAKGOPREPQVYTDPRSRDELTRKNQVSLTCLY
DEEFYPSDIAVEWESNGOPENCYKTTPPVLDSDGSFEFLY SKLTVD
KSRWQOGNVESCSVMHEALHNHYTODRSLSLSPCK

430

B. Binding assays
[873%] The binding affimties of the TY25023, TY25026, TY25041 and TY25042 were analyzed

man ELISA. 2 pg/mi of human CD3 (g and § chain heterodimer) fused with human Fe fragment

was prepared and used to coat the ELISA plate at 2-8°C overnight. After washing and blocking,

50 uk serial diluted IgGs were added and mcubated at 37°C for 1 hour. Plates were washed three

times and then incubated with 50 pL/well TMB substrate at room temperature for about 20

minutes. Absorbance at 430 nm was measured after the reaction was stopped.
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(87487 As shown in FIG. 204, TY25023 exhibited weaker binding to CD3 compared to
TY24051, and TY25026 exhibited weaker binding to CD3 TY24052. The activatable bispecific
antibodies TY24052 and TY 25026 showed reduced binding affinities compared to their parental
bispecific antibodies. This result showed that the masking peptide blocked binding of the
activatable antibodies to CD3.

[6741] To measure the binding of the antibodies to Jurkat cells, Jurkat cells were thawed,
washed, and cultured in an incubator. Diluted samples of test antibodies were prepared in assay
buffer consisting of DPBS supplemented with 2% FBS. Jurkat cells were washed and 1x10°
Jurkat cells/well were aliquoted into 96-well plate and icubated with test antibodies for 1 hour
at 4°C. After centrifugation and washing, Jurkat cells were further incubated with a secondary,
anti-Human IgG antibody (APC) for 30 minutes at 4°C. After centrifugation and washing, the
Jurkat cells labelled with TY25023, TY25026, TY25041 and TY25042 were re-suspended i 2%
FBS DPBS and then analyzed by FACS. As shown in FIG. 20B, TYZ5023 bound to Jurkat cells
more weakly compared to TY 24051, and bound at a similar level to TY24052.

C. Jurkat-NFAT reporter assay

[#742] To measure antibody activity with a Jurkat-NFAT reporter assay, Jurkat-NFAT-lucZ cells
were thawed, washed and cultured n the incubator. Sample difutions of test articles were
prepared in assay medium consisting of RPM 1640 supplemented with 1% FBS. 1x10” Jurkat-
NFAT-luc2 cells/well were added to the 96-well plate and mcubated with 50 uL of test antibody
for 6 hours. After an incubation of about 6 hours, 80uL /well ONE-Glo Luciferase Assay buffer
was added to the 96-well plate and 100 pl. supernatant was collected for measuring
luminescence using a plate reader.

[¢743] As shown in FIGs. 21A-218, TY25023 demonstrated similar activity to TYZ24051 in
both Jurkat-NFAT reporter assay and cell killing assay. This suggested that the activity of the
anti-CID3 arm of the bispecific antibody was not significantly affected by its binding activity.

D, CO8+ T cell killing assay

(#7447 The in vitro tumor killing activity of parental, activatable, or cleaved anti-CD3 and anti-
HER?2 bispecific antibodies against SK-OV-3 (high levels of HER2) or MCF-7 (low levels of
HERZ2) tumor cell Hines was measured. Briefly, fresh human PBMCs were isolated from a healthy
donor (Donor# 116} and CD&+ T cells were prepared from PBMCs using EasySep Human
CD8+T 1solation kit The effector cells (CD8+ T cells) were mixed with target cells (SK-OV-3
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cells or MCF-7 cells) in final cell ratio 16:1 CD8+ T cells: Target. Sample dilutions of bispecific
antibody were prepared in assay medium consisting of RPM 1640 supplemented with 1% FBS.
Plates were placed in a 37°C incubator supplemented with 5% CO- for approximately 24 hours.
At the end of incubation, 50 L supernatant was collected for measuring LDH release using a
plate reader.

[6745] As shown in Table 49, when SKOV-3 was used as target cells, compared with parental
TY25023, the tumor killing activity of the activatable antibodies TY25362 and TY25026 was
significantly tower (by 200 or 40000-fold reduction). When MCF-7 cells were used as target
cells, notably, the two activatable antibodies showed no detectable tumor killing activity. After
cleaved by MMP-9, the activities of the activatable antibodies are mostly recovered.

Table 49. EC50 and masking efficiency (ME) of different bispecific antibodies in human CD8+ T
cell killing assays

Anttbody SKOV3 MCF7
ECS50 (nM) ME ECS0 ME
(nM)

TY24051 0.0003S 1 0.00271 1
TY25023 0.00072 2.08 0.01257 4.63
TY25026-Cleaved 0.00208 6 0.03989 14.7
TY25362-Cleaved 0.00171 494 0.02827 1042
TY25026 13.98 40393 NA NA
TY25362 0.07481 21615 | NA NA

[8746] The level of IFNy secretion in an activated CD8+ T cell assay n response to treatment
with the bispecific antibodies TY24051, TY24052, TY23023, and TYZ5026 was measured. As
shown in FIG. 21C, TY25023 resulted in a significantly increased level of IFNy secretion by
CD38+ T cells compared to TY25026.

[8747] Furthermore, as shown in FIG, 21B, both the parental bispecific antibodies TY25023 and
TY24051 and their activatable bispecific antibodies TY25026 and TY24052 could induce dose-
dependent increases in tumor kitling activities. The parental bispecific antibodies TY25023 and
TY24051 showed a stronger potency of tumor killing activity than their activatable bispecific
antibodies TY25026 and TY24052 did. The activatable antibodies promoted SK-0OV3 tumor cell

tysis and IFNy secretion at a level simular to a reference CD3 x isotype conirol antibody.
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E, Cytokine release assay

[¢6748] The in vitro cytokine release triggered by parental, activatable, or cleaved anti-CD3 and
anti-HER?2 bispecific antibodies against MCF-7 (low levels of HERZ) tumor cell lines was
measured. Briefly, fresh human blood was drawn from healthy donor. RBCs were lysed from
heparin-treated healthy donor blood using ammonium chloride potassinm (ACK) red cell lysis
buffer. Four-hundred thousand whole blood cells were incubated with MCF7 cells and the
serially difuted HER2-TDBs for 20 hours in 10:1 E:T ratio. Groups without MCF-7 cells were
set as no target cell control. Cytokine release (J1-2 and INF~y) from supernatants was analyzed
by ELISA.

[8749] As shown in FIGs. S6A-568, cytokine release levels (IFN-y or IL-2) of TY 24051 were
higher than TY25023 at the concentrations below 0.8nM. The activatable antibodies (TYZ25026
and TY25362) showed no detectable cytokine release. In the absence of target MCF-7 cells, ali
the groups released very low cytokines (data not shown).

F. Efficacy study of bispecific antibodies in EMT6-HER2 model in M-NSG mice transplanted
with PBMC

[6750] Human PBMCs (12107 per mouse) were transplanted into female M-NSG
immunodeficient mice by intraperitoneal injection. 9 days later, EMT6 mouse breast cancer cells
stably transfected with HER2 were inoculated subcutaneously to these mice. Antibody dosing
started when average tumor volume reached about 120 mm” on day 6 post inoculation. 5 mg/kg
of the antibodies TY24051, TY25023, TY25026, TY25362, and an isotype control were
administered by intraperitoneal injection, twice a week for 2 weeks, and tumor volume was
measured over time.

[0751] As shown in FIG. 45, parental and SAFE bispecific antibodies were active to inhibit the
growth of the HER? overexpressing EMTO tumor in human PBMC transplanted M-NSG mice.
G. HER2 expression (SK-OV3) tumor model

[6752] Immunodeficient M-NSG mice (n=6 per group, female, 8-9 weeks old) inoculated
subcutaneously with 2x 10° SK-0OV3 cells. One day later the mice were transplanted with 1x 107
PBMC through 7.p. injection. Treatruent began at Day 15 post tumor inoculation when the
average tumor volume reached about 190 mm®. The ruice were administered with Vehicle, anti-
HERZ xanti-CD3 bispecific parental antibody TY25023 or anti-HERZ xanti-CD?3 bispecific

safebodies TY25026 and TY25362 at 5 mg/kg or 1 mg/kg by i.p. injection. The mice were
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administered these Abs twice per week for a total of four doses. Tumor growth was monitored
twice a week and reported as the mean tumor volume + s.e.m. over time. Immunodeficient M-
NSG mice (n=6 per group, fermale, 8-9 weeks old) were transplanted with 5x 10° PBMC through
i.p. injection. Seven days later, the mice were inoculated subcutaneousty with 2x 10° SK-OV3
cells. Treatment began at Day 7 post tamor inoculation when the average tumor volume reached
about 60 mm’. The mice were administered with Vehicle, anti-HERZ xanti-CD3 bispecific
parental antibody TY25023 at 1 mg/kg or 0.2 mg/kg, or anti-HER2>anti-CD3 activatable
anfibodies TY 25026 and TY25362 at 5 mg/kg or | mg/kg by i.p. injection. The mice were
adoumnistered these Abs twice per week for a total of three doses. Turnor growth was roonitored
twice a week and reported as the muean tumor volume £ s.e.m. over tire,

{6753} As shown in FIG. 37A, the parental antibody TY25023 showed much stronger anti-
tunor efficacy than both TY25026 and TY25362. While TY25362 also showed much stronger
anti-tumor efficacy than TY25026. TY25026 showed basically no anti-ttumor efficacy in this
scenario.

[8754] As shown in FEG. 378, the parental antibody TY 25023 showed much stronger anti-timor
efficacy than both TY25026 and TY25362 at | mg/kg. TY25362 showed stronger anti-tumor
efficacy than TY25026 at both | mg/kg and 5 mg/kg. All the three antibodies suppress the tamor

growth of SK-0OV3 model in a dose-dependent manner.

Example 7. Toxicity study of activatable HERZxCD3 bispecific antibody in cynomolgus
monkeys

[8755] The following example describes experiments to evaluate the safety profiles of parental
and activatable HER2xCD3 antibodies in cynomolgus monkeys. Specitfically, the presence of
cyiokine and immune-associated events was measured in response to treatment with the low
atfinity anii-CD3 bispecific antibody TY25023, the corresponding activatable bispecific
antibody TY25026, comparison antibody TYZ24051, and its corresponding activatable bispecific
antibody TY24052.

A. Low dose administration

[8756] Cynomolgus monkeys were dosed intravenously with TY25023, TY25026, TY24051, or

TY24052. Monkeys were dosed with sequential doses of antibody at 0.2 mg/kg onday 1, 0.5
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mg/ke on day 8, and 0.9 mg/kg on day 15. A summary of the study design is provided in Table
14 below.

TABLE 14. HER2x(UD3 Parental and SAFE Bispecific Antibody Study Design in Cyno Monkeys

Antibody | Cynomelgus Dosing Dosing Dosage

treatment | menkey (1D}) schedule route {mg/kg)
TY24051 i male (1001) 1 dose L. 02-05-09
TY24052 1 male (1102) 1 dose Lv. 0.2-05-09
TY25023 1 male (1203) 1 dose L. 02-05-09
TY25026 i male (1304) 1 dose L. 02-05-09

[6757] Serum samples were collected to measure cytokine levels, and blood was collected for
Iyrophocyte profiling. Samples were collected at 0, 3, 8, 24, 72, 168, 171, 176, 195, 243, 336,
339, 344, 360, 408 and 504 hours. The level of cytokines IFNy, 1L.-2, IL-6, TNFa, IL-5, and 1L-4
released was measured over the course of 504 hours following administration (FIGs. 24E-24F),
Further, the level of CD4+ and CD8&+ T cell activation was measured, as indicated by the
percentage of CDO9+ T cells (FIG. 23). Finally, the absolute lymphocyte count was measured
(FIGs. 24A-24B).

[#758] For the CD3 masked only bispecific antibody TY25362, cynomolgus monkeys were
mtravenously dosed with sequential doses of antibody at 1 mg/kg onday 1, 10 mg/kg on day 8,
and 30 mg/kg on day 15. The same toxicity parameters were exarmined including the presence of
cytokine and immune-associated events 1n response to treatment as described above.

(759 As shown in FEGs, 22A-22B, treatment with TY 25026 or TY 24052 did not nduce
significant cytokine release at any of the three dose levels (0.2, 0.5, or 0.9 mg/kg, or “mpk™)
during the testing period. These results clearly showed that no induction of cytokine release was
observed m cynomolgus monkeys treated with the two SAFEbodigs TY25026 and TYZ24052 at
any dose tested, demonstrating a significant improvement in safety profiles by SAFEbody
masking. Significant cvtokine release was observed with the non-masked bispecific antibody
control TY24051. Furthermore, transient release of IL-6 was observed after each dosing of
TY25023, indicating weak cytokine induction. Additionally, as shown in FEG. 23, T cell

activation was observed after dosing of either TY25023 or TY24031, as manifested by an
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erease in CD69+ cells in both CD4+ and CD&+ T cell populations at 3 hours after each dosing,
No changes in the level of CD69+ cells were observed after dosing with either TY25026 or
TY24052.

[8768] Consistent with the severe dose linuting toxicities seen with other bispecific T-cell
engager antibodies, the cynomolgus monkey treated with the non-masked bispecific antibody
reference TY24051, died ~12 hours after first dosing at 0.2 mg/kg, likely due to acute cytokine
release syndrome. Moreover, as shown in FIG, 244 total T cells, CD4+, and CD8+ T cells were
nearly undetectable at 3 hours following the iutial TYZ4051 treatment at 0.2 mg/kg. B cells and
NK cells were also depleted (FIG. 24B). A similar phenomenon was observed following
TY25023 treatments at all three dose levels, except that the level of lymphocyies rebounded after
24 hours. The two moukeys treated with masked bispecific antibodies exhibited lesser changes in
absolute lymphocyte counts.

(#7617 As shown in FIGs, 353A-35B, treatment with TY25362 did not induce significant changes
i lymphocyte subpopulations including T, B, and NK cells (FIG. 384, as well as T cell
activation as indicated by CDO9+ staiming (FIG. 35B). Similar to the other two masked
bispecific antibodies TY24052 and TY25062, no cytokine release was detected for TY25362-
treated monkeys at any of the three dose levels (1, 10, or 30 mg/kg, or “mpk”) during the testing
pertod {data not shown). These results clearly showed that masking CD3 only can be sufficient
for a significant improvement in safety profiles.

B. High dose administration

[#762] A pilot non-GLP toxicology and pharmacology study was performed in healthy male
cynomolgus monkeys (Macaca fascicularis} to determine the pharmacodynamics and
toxicological profile of the CD3xHERZ bispecific antibodies in these animals. Fach animal
received either a single parental bispecific antibody or activatable antibody, as summarized in
Table 51. Animals were observed for clinical signs and clinical pathology parameters prior to
and following dosing. Blood was withdrawn immediately prior to dosing in order to establish
baseline levels. TY25023, TY25026, and TYZ25362 were administered by 1.v. bolus injection and
blood was withdrawn at 0.25h, 1h, 8h, 24h, 48h, 72h, 96h, 168h, 240h, and 336h post dosing.
Peripheral blood samples were collected up to 168 hours and analyzed by FACS for
pharmacodynamics markers {including absolute CD4+T and CD8&+ T cell counts, and

measurements of CDGY expression on CD4+ and CD8+ T cells). Serum samples were also
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collected up to 336h and analyzed for cytokine levels (IFN-y, 1L-2 and other cytokines) using

standard analytical methods.

TABLE 51. HER2xUD3 Parental and SAFE Bispecific Antibody Study Design in Cyno Monkeys

Antibedy MNumber/Sex of Deosine schedule Dosing Dosage
treatment Animals g rouie {mg/kg}

i male Single dose L. i
TY25023

1 male Single dose L. 3

1 male Single dose Lv. 30
TY25026

1 male Single dose LV, 90
TY25362 1 male Single dose LV 30

[8763] All treatments were well tolerated 1n monkeys except TY25023 at 3 mg/kg due to clinical
signs observed and remarkable cytokine release.

[6764] As shown in FIG. 58, CD4+ and CD8+ T cell transmigration was observed 3 hours after
antibody injection (both with parental and activatable antibodies). For the parental TY25023, the
total T cells including CD4+ and CD8&+ T cells declined sharply at 3 hours post dose, consistent
with T cell margination. For the activatable antibodies, the T cells also decreased sharply, but the
extent was less. The T cell activation profile largely correlated with T cell margination status. At
3h post dose, the parental antibody can significantly stimulate the T cells to express the CD69
molecules.

[#765] As shown mn FIG. 89, a significant cytokine storm was observed after TY25023 dosing at
1, and 3 mg/kg. No obvious cytokine release was observed after TYZ5026 and TYZ25362 dosing
at 30, or 90 mg/kg. Chinical signs were only observed in TY25023-treated animals. Loose feces
was noted in the amimal receiving T mg/kg TY25023 and decreased activity was noted 1n the
animal receiving 3 myg/kg TY25023.

[8766] Hematological changes were similar across treatment: depletion of lymphocytes and
imcrease in neutrophils which resolved in approximately 2 days; decreased in red cell mass with
compensatory increase in reticulocytes which were still present at the last measured timepoint.
Changes in serum chemistry were also similar across treatments: transient increases in ALT, AST,

bilirubin, and CK levels.
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[8767] FIG. 60 shows normal PK curves of all the samples. The two activatable antibodies show

significantly higher half-life than the parental bispecific antibody

ixample 8. Generation and biophysical characterization of activatable anti-HER?Z2
antibodies
[§768] The following example describes the generation and characterization of activatable anti-
HER?2 antibodies derived from the parent antibody trastuzumab.
A. Display of the functional anti-HER2 antibody on yeast surface
[676%] A low copy number, CEN/ARS-based vector was used to express a target antibody
(antibody trastuzumab, targeting human HERZ) under the control of the inducible GAL-10
promoter in the yeast S. cerevisiae. The surface display of scFvs was achieved through the Aga?2
protein fused at 1ts C-ternunus under the control of the GALT promoter, simular to previously
published arrangements (see Boder and Wittrup Nat. Biotechnol. 1997 15(6):553-7). For Fabs,
surface display was achieved through the AgaZ protein fused to the N-terminus of the heavy
chain (fusion of VH and CH1), under the control of the GAL1 promoter, while the light chain
{(fusion of VL and CL} was under the control of the GAL10 promoter. The Fabs were displayed
on the yeast surface through its association with the membrane-anchored heavy chain,

[¢77¢] The surface display of the Fab or scFv was verified by staiming with antibodies
recognizing the fused affinity tag, and the functionality of the Fabs or scFvs displayed on yeast
was examined using biotinvlated human HERZ-Fc. Briefly, 48 hours after induction m galactose
medium, yeast cells (1x10°%) were harvested, washed once with PBSA buffer, and then incubated
with 10 nM of biotinylated antigen for 1 hour at room temperature. The yeast cells were then
washed twice with PBS A buffer, and incubated with PE conjugated streptavidin {1:500 dilution)
{eBioscience #2-4317-87} for 30 minutes at 4°C. The yeast cells were then analyzed by flow
cytometry. As shown in FIGS. 254-258, both Fabs (FIG. 254} and scFvs {(FIG. 25B) were
capable of binding strongly to HER2.
B. FACS-based screening of masking peptides against a trastuzionab antibody

[0771] 1x10°® yeast cells from a CPL yeast library were used to screen for masking peptides
against the target antibody. For each round of sorting through MoFlo XDP, veast cells induced in
ealactose medium were harvested, washed once with PBSA butfer, and then incubated with 10
nM (decreased to 1 nM 1in the later rounds) of biotinylated antigen for 1 hour at room

temperature. The yeast cells were then washed twice with PBSA buffer, and incubated with PE
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conjugated streptavidin {1:500 dilution) (eBioscience #2-4317-87) for 30 munutes at 4°C. After
two more washes with PBSA buffer, the yeast cells were adjusted to 2-3 OD/mL, and subyject to
sorting. As shown in FIG, 26, in round 1, 2, and 3, 10 nM of biotinylated HERZ-F¢ was used,
and the weak binders were enriched. The yeast cells from round 3, after growth in glucose
medium, were induced in galactose medium and treated with ACTEY protease (6U/OD cell)
{Thermo Fisher Scientific #12575015) for 2 hours at 30°C, and the strong binders were purified,
to verify the protease cleavage mediated activation of the target antibody. As shown in FIG. 26,
it was apparent that ACTEV cleavage resulted in a dramatic increase of the population of cells
that bound strongly to antigen, suggesting that the screening strategy was effective. The single
clones from the 4% round of sorting were plated on selective media, and grown individually for
further confirmation of cleavage mediated activated antigen binding,

[6772] As shown in FIGS. 27A-27B, the selected trastuzumab activatable antibody clones,
either in scfFv (FEG. 27A) or Fab (FIG. 27B) format, exhibited little binding to antigen in the
presence of masking peptide. However, binding to antigen was dramatically increased when the
veast cells were treated with TEV protease to remove the masking peptide. The mcorporation of
the TEV recognition site in the cleavage peptide, combined with the application of TEV protease
to verify the selected clones, significantly mcreased the success rate of masking peptide
selection.

[¢773] To 1dentify the masking peptide sequences, the shuttle plasmids were extracted from the
selected yeast clones (Generay #GK2002-200}, and transformed into competent £.coff cells. The
plasmids were prepared, and the regions encoding the masking peptides were sequenced and
aligned. As anticipated, these sequences could be separated into several groups based on the
number of residues between the two cysteine residues in the masking sequence, indicating clear
enrichment through rounds of sorting. Four groups of masking peptide sequences (CX,(, where
=56, 7, or 8), together with the invariant cleavage peptide sequences, are histed in Table 15 In
Table 15, the cleavage peptide sequences (SGRSAGGGGTPLGLAGSGGS, SEQ D NO: 431)

are underlined.

TABLE 15. Masking peptide sequences

SEQ ID

. Peptide acking . > peptide sequences: NO of
igGID D Masking + cleavage peptide sequences: masking
peptide
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TY22837

B13567

EVGSYHYASDACDADPFDCNASGRSAGGGGTPLGLAGSGGS

TYZ22838

B13369

EVGSYAYIPPDCHADPYRCEVSGRSAGGGGTPLGLAGSGGS

TY22839

B13572

EVGSYANTNDPCTLDPYDUSHSGRSAGGGGTPLGLAGSGGES

TY22840

B13573

EVGEYTASNADCPYDPYTCYASGRSAGGGGTPLGLAGSGGS

TY22841

B13580

EVGEYADALYDCYDADPECYYSGRSAGGGGTPLGLAGSGGS

TY22842

B13582

EVGSYSEFSDFACDTTPEDCFASGRSAGGGGTPLGLAGSGGS

TY23446

B14104

EVGSYITPDCLFFDPFDCVDNSGRSAGGGGTPLGLAGSGGS

TY23447

B14109

EVGSYAADYCDPFDFSFCLSTSGRSAGGGGTPLGLAGSGGES

TY23448

B14110

EVGSYPIAICAPHSSDDCAFTSGRSAGGGGTE LGLAGSGES

TY23449

B14122

EVGESYHLALCLDPDDSSCNFASGRSAGGGGTPLGLAGSGGS

TY23450

Bl4124

EVGSYSSTACIFIDPFDCSVASGRSAGGGETPLGLAGSGES

TY23451

B14126

EVGSYDHDNYDCYDYYDNCYYSGRSAGGGGTPLGLAGSGGS

TYZ23452

B14128

EVGSYPFLVCDDASPEFDCTLVSGRSAGGGGTPLGLAGSGGES

TY23453

B14131

EVGSYIAFYCPDAHPYDCTSLSGRSAGGGGTPLGLAGSGES

TY23454

B14132

EVGSYPALDCATFPSAVCTADSGRSAGGGGETPLGLAGSGGS

TY23523

Bl4165

EVGSYAPAREDCSVEADPEDCSSSGRSAGGGGTPLGLAGSGGS

TY23524

B14249

EVGSYNDYDRHYCSAFPSDLACANSGRSAGGGGTPLGLAGSGGS

TY23525

B14253

EVGSYDPTIDVCSYYSDPFDCYYSGRSAGGGGTPLGLAGSGES

TY23526

Bi4245

EVGSYDSNDDYCAHDSDPYDCYYSGRSAGGGGTPLGLAGSGGS

TY23527

B14246

EVGSYPAPAYNCHATSDPYDCANSGRSAGGGGTPLGLAGSGGES

TY23528

B14247

EVGSYDNDNYDCYDHANDHDCYYSGRSAGGGGTPLGLAGSGGS

452

TY23529

B14248

EVGSYYDDRDDCYDNYYDRHDCYYSCGRSAGGGGTPLGLAGSGGS

B14254

EVGSYFDLHDYCNTYHDEPDCAPSGRSAGGGGTIPLGLAGSGGS

B14256

EVGSYYADYTACAFANSPYDCDYSGRSAGGGGTPLGLAGSGES

o
98
(o

B14257

EVGSYHADHANCVSSFDPYDCDNSGRSAGGGGTPLGLAGSGGS

=
(4
N

Bl4261

EVGSYNHPIDDCYNINDPYDCDHSGRSAGGGGTPLGLAGSGGS

£
(¥
~I

TY23534

B14262

EVGSYPHDYHNCYDYYHYDHCHHSGRSAGGGGTPLGLAGSGGS

458

TY23535

B14263

EVGSYAHDYADCLEHNSDPYDCPDSGRSAGGGGTPLGLAGSGGS

459

TYZ23536

Bl4264

EVGSYYNSDDDCASHYDPYTCYYSGRSAGGGGTIPLGLAGSGGS

460
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TY23537 | B14263 | EVGSYYDYSHDCHDLDHNHACDPSGRSAGGCGTPLGLAGSGGS 461
TY23538 | B14266 | EVGSYTHASDFCHTSIDPYDCAYSGRSAGGGGTPLGLAGSGGS 462
TY23539 | B14360 | EVGSYARLPLCFPLSFCFVPTSGRSAGGGGTPLGLAGSGGS 463
TY23540 | B14366 | EVGSYAPPNLCAVVLSCVVAPSGRSAGGGETPLGLAGSGGS 464
TY23541 | B14369 | EVGSYTAIPFCPPAIFCDPFSSGRSAGGGETPLGLAGSGEES 465
TY23542 | B14220 | EVGSYYDDYHDCDYYDDYDNCYDSGRSAGGGETPLGLAGSGGS 466
TYZ23543 | B14224 | EVGSYSAPHSCSPFSACTPADSGRSAGGGGTPLELAGSGGES 467
TY23544 | B14233 | EVGSYYPDHDDCDDYHDHCDYSGRSAGGGGTPLELAGSGGS 464
TY22837 | BI13567 | EVGSYHYASDACDADPFDCQASGRSAGGGETELGLAGSGGES 469
TY22843 | B13583 | EVGEYQTTSDTCSDADDTCSVSGRSAGGGETPLGLAGSGGS 470
TY23521 | B14155 | EVGSYHYDDYDCDDDHDDY YCQYSGRSAGGGOTPLGLAGSGGS 471
TY23522 | B14138% | EVGSYHYDNYQCTNYDYDYDCADSGRSAGGCCTPLGLAGSGGS 472

C. IgG conversion and expression

(67747 The heavy and light chains were cloned into the mammalian expression vector
pCDNA3 3 (Thermo Fisher Scientific, cath K&30001) separately, and the masking peptides and
the invariant cleavage peptide were fused to the N-terminus of the light chain in the same manner
as displayed on veast surface. All masking peptides listed in Table 13 were converted into IgGls.
The parental anti-HER?2 antibody trastuzumab was used; the CDR, VH, VL, and heavy and light
chain sequences of trastuzumab are described in Tables 18-12, above.

[8775] Paurs of plasmids were transiently transfected into HEKZ293F cells. After six days, the
supernatants were harvested, cleared by centrifugation and filiration, and IgGs were purified with
standard protein A affinity chromatography (MabSelect SuRe, GE Healthcare). The 1gGs were
eluted and neutralized, and buffer exchanged into storage buffer (20 mM histidine, pH 5.5).
Protein concentrations were determined by UV-spectrophotometry, and IgG purity was analyzed
under denaturing, reducing and non-reducing conditions by SDS-PAGE or SEC-HPLC.
Importantly, the expression levels of most of the activatable antibodies in HEK293 cells were
similar to their parental antibody, as were their purification yields after protein A resin
purification, suggesting that the presence of the masking and cleavage peptides do not have a

negative impact on antibody expression in mammalian cells.
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. Measurement of masking efficiency

[6776] The ForteBio Octet RED96 system (Pall, USA) was used to assess the efficiency of the
masking peptides by Biclayer Inferometry. Briefly, activatable antibodies (and their parent
antibody, trastuzumab) were diluted to 30 yg/mL in KB buffer (PBS buffer supplemented with
0.02% Tween 20 and 0.1% BSA), and captured by anti-Human {eG Capture (AHC) Bicsensors
(Pall, USA) in paraliel. The sensors were then allowed to associate with His-tagged HER2
protein {25 nM) for 300 seconds, and then dissociate in KB buffer for another 300 seconds. The
association and dissociation curves were fitted to a 1:1 Langmuir binding model using ForteBio
Data Analysis 7.1 (Pall, USA) according to the manufacturer's guidelines. As shown in FIG, 2§,
the responses achieved with the activatable antibodies were significantly lower than that for the
parent antibody, suggesting that masking peptides etfectively blocked the binding of the antibody
to its andigen. Among the five activatable antibodies, TY22837 and TY22838 were more
effective, consistent with the results from the ELISA assay discussed below

1877771 Recombinant human HERZ2-Fc was diluted to 1 pg/mL in PBS and coated on a Maxisorp
plate at 4°C overnight. Plates were blocked with PBS supplemented with 3% non-fat muilk at
37°C for 1 hour. After washing, 100 pL of 3-fold serial dilutions of antibodies were added to
each well. After incubation at 37°C for 1 hour, plates were washed four times, and 100 yl. HRP
conjugated anti-human g (Fab specific) (1:6000 dilution) was added to each well. Plates were
incubated at 37°C for | hour, washed four times, and then 50 pl TMB substrate solution was
added to each well, and the plate was incubated at room terperature. Absorbance at 450 nm was
measured after the reactions were stopped with 50 pl. Ho8O, per well. The ECso was evaluated
by fitting the ELISA data using the asymmetrical sigmoidal (four-parameter logistic equation)
model of GraphPad Prism 6 software. Masking efficiencies for each activatable antibody were
calculated by dividing the ECso for binding of the activatable antibody by the ECso of the
parental antibody (trastuzumab). As shown in FIGS, 29A-29C and Table 16, compared with the
parental antibody, all of the activatable antibodies showed dramatically reduced binding to 1ts
antigen, and the calculated masking efficiency ranged from 2 to 79. These results indicated that
multiple masking peptides 1dentified from the CPLs mamtained their masking efficiency when
expressed in mammalian cells, and as part of a full IgG molecule. In Table 16, the masking

efficiency was calculated relative to trastuzumab.
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IgG; ID LogECse: M- ]Fi[;; l e Masking efficiency:
Data Batch §
trastuzumab § -9.215 6.10E-1010.61 10999211
TY22836 -7.913 F.22E-08 1122 {09989 | 20
TY22837 -7.557 277E-08 1277 109993 |45
TY22838 -7.876 P.33E-08 { 13.3 §0.9987 | 22
TY22839 -8.097 8.00E-09 | 8.00 10.9993 113
TY22846) -7.934 FATE-08 {116 { 09985119
TY22841 -8.614 243E-09 1243 10999514
TY22842 -8.373 424E-09 1424 1099897
TY22843 -8.715 P93E-09 1193 (0999213
Pata Baich 2
trastuzumab | -9.167 6.80E-10 {1 0.68 109992 | 1
TY23446 -8.311 4.89E-09 { 489 1099907
TY23447 -8.365 431E-09 1431 109996 |6
TY23450 -8.068 8.56E-09 1 8.56 10.9994 1 13
TY23451 -7.546 2.84E-08 { 284 109986 | 42
TY23452 -8.522 3.00E-09 {3.00 {09967 14
TY23453 -B.535 282E-091292 (0997514
TY23454 -B.786 1.64E-09 { 1.64 {0.9976 2
Data Batch 3
trastuzumab | -9.123 T53E-10{0.75 (0998441
TY23523 -7.848 FA42E-08 { 14201 09961 | 19
TY23525 -7.487 326E-08 {326 109935143
TY23526 -7.752 P77E-08 { 177 1099771 24
TY23533 -8.106 7.84E-0917.84 10997510
TY23536 -7.225 5.95E-08 {595 10.99%4 79
TY23537 -7.556 2.78E-08 {27.8 {09978} 37

[8778] The masking efficiency was also measured through FACS-based assay using SK-0V-3

cell lines. SK-OV-3 cells were detached with Trypsin-EDTA | and resuspended in growth

medium. The cells were counted and appropriate amount of the cell suspension according to the

counting results was taken out for binding assay. The cells were washed with 2mi. 2% FBS

DPBS, centrifuged and resuspended with 2% FBS DPBS to adjust the cell density to 2x10°

cells/ml. Antibody serial titrations were prepared by diluting the test antibodies in 96 well plate

with 2%FBS DPBS to make 12-points sertal dilutions (2x work concentration}. 50pL/well of the
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cell suspension was aliquoted, so the final cell amount is 1.0x10° celis/well. Then 50 uL/well of
antibody serial dilutions was suspended to the corresponding wells containing 50 uL of the cell
suspension and incubated at 4°C for 1h, protected from light. Afterwards, the plate was
centrifuged for 5 minutes at room temperature, washed with 2% FBS DPBS once. The cells were
resuspended with 100 uL PE-mouse Anti Human IgG Fe secondary antibody which is diluted to
1 pg/mb with 2% FBS DPBS, and incubated at 4°C for 30min, protected from light. Cells were
washed, resuspended and transferred to a 96-well flat bottom plate for flow cytometry analysis.

FIEG. 30 shows an example of FACS curves for the measurement of masking efficiency.

E. Removal of the masking peptide restores antibody activity

[6779] The purified activatable antibodies were treated with the proteases that recognize the
cleavage sequences, and were then tested to determine whether removal of the masking peptide
restored their activity. As an example, 20 ug of TY22837 (0.5 mg/mL) was treated with 10 units
of recombinant human MMP-9 (BioVision, # 7867-500) in reaction buffer (50 mM Tris, 150 mM
NaCl, 5 mM CaCly, 20 uM ZnCly, pH 7.5). The reactions were carried out at 37°C for 21 hours.
The masking peptides were confirmed to be removed from the light chain by SDS-PAGE
analysis FEIG. 39. The masking efficiency was then measured by ELIS A as described above. As
shown 1 FEG, 31 and Table 17, afier removal of masking peptide, the activatable antibody
became indistinguishable from the parent antibody i its binding to the antigen. In Table 17, the

masking efficiency was calculated relative to trastuzumab.

TABLE 17. Activatable antibody ELISAs after protease cleavage

. ECsn
Sample 1D LoghCso: nM: | Masking efficiency:
trastuzumab -9.310 0.4894 1 1.0
TY22837 -7.524 29.91 |61
TY22837+MMP-9 | -9.222 0.5992 1.2

[8788] The activatable antibody was also activated by 1solated, activated neutrophuls.
Neutrophils were isolated from heparinized human peripheral blood by gradient centrifugation
with Histopaque 1077 to get a mixture of red cells and neutrophils at the bottom of centrifuge
tubes, followed by red cell lysis with human red cell lysis reagent (BD, Cat#55899). After
washing, neutrophils were mduced to release their granule contents by incubating for 2 hours at

37°C with 160 nM PMA in serum-free RPMI1640, with a cell density of 1x107cells/mL. After
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incubation, the cell-free supernatant (which mainly contains the protease MMIPP-9) was collected
by centrifuging at 1200g for 10 minutes at 4°C and stored at -80°C for future use. Then
activatable antibodies were incubated with this neutrophil supernatant for certain periods of time,
and the cleavage was confirmed by SDS-PAGE. More activatable light chain was cleaved in lane
1 than in lane 2. Without wishing to be bound by theory, this likely indicates that neutrophil

secretion of MMP-9 shows more activity at 37°C than room temperature.

F. Activatable antibody developability profiles

[6781] For manufacturing purpose, it is critical that the discovered activatable antibodies have a
good developability profile. Several different tests were performed with purified activatable
antibodies that were expressed in mammalian cells. The activatable antibodies were adjusted to 1
meg/mL in 20 mM Histidine, pH 5.5, and antibody quality analysis was performed using
analytical size-exclusion chromatography using a Waters 2695 with a Waters 2996 UV detector
and aTSKgel g3000 SWXL column (300 mm x 7.8 mm) (Tosoh Bioscience). For each assay, 10
ug of antibody was injected, and fractionation was performed at a flow rate of 0.5 mL/min in
buffer (200 mM sodium phosphate at pH 7.0).

[0782] Three accelerated stress tests of TY22837 and TY22838 were conducted: tncubation of
the activatable antibodies at 50°C for 7 days, incubation of the activatable antibodies at 40°C for
28 days, and six cycles of freeze-thaw. The freeze-thaw tests were conducted by freezing 100 pl
sample (1 mg/mL in 20 mM histidine, pH 5.5) at -80°C for 30 minutes, followed by thawing at
room temperature for 60 min, As shown in FEGS. 33A-33C, all activatable antibodies remained
stable, and exinbited hittle aggregation after storage at 50°C for 7 days, 40°C for 28 days or
freeze-thaw, indicating that these activatable antibodies were very stable under these accelerated
stress tests. It 1s noted that the activatable antibodies had not vet gone through an extensive
buffer optimization process, and therefore the stability of the activatable antibodies may be

further improved with optimized buffer and excipient.

G, Effect of masking peptide leagth on the masking efficiency of activatable antibodies
targeting HER2
[8783] Two of the activatable antibodies (TY22836 and TY22837) were chosen to test the

dependence of masking efficiency on the length of masking peptides to suit the specific
applications. The masking peptides were shortened from 21 residues to 16 or 14 residues by

removing the residues from the N-terminus, leaving only 6 or 4 residues before the first cysteing

286



WO 2022/171192

PCT/CN2022/076000

residue 1n the masking peptide {Table 18). These activatable antibodies were expressed and

purified from mammalian cells and their masking efficiencies were measured as by ELISA as

described above and compared to parent antibody trastuzumab. Results from two experiments

mdicated that these activatable antibodies were made using different masking peptides with

lengths ranging from 4 to 11 residues before the first cysteine residue to modulate antibody

masking efficiency (FIGS, 34A-348; Table 18). This seems to suggest that the core masking

motif contains the cysteine loop and 1ts immediately adjacent residues, and is sufficient to

maintain masking efficiency. In Table 18, the cleavage peptide sequences (SEQ 1D NO: 431) are

underhined, and the masking efficiency was calculated relative to the parental antibody.

TABLE I8. Masking efficiencies of antibodies with varying masking peptide lengths

SEQ 1))

igG ID Masking + cleavage peptide sequences (underlined): i&%‘; ;i.fjfé;:z% nﬁ?k?ig

peptide
TY22836 | EVGSYSANNLACHADPFDUTASGRIAGGGGTPLGLAGSGGS | 23.05 | 38 473
TY23171 | EVGNLACHADPFDCTASGRSAGEGGTPLGLAGSGES 22.37 {37 474
TY23172 | ENLACHADPFDCTASGRSAGGGCTPLGLAGSCGS 2108 § 35 475
TY22837 | EVGSYHYASDACDADPEDCQASGRSAGGGEGTPLGLAGSGGS | 50.02 | 82 469
TY23173 | EVGSDACDADPFDRCQASGRSAGGGGTPLCGLAGSGES 59.62 § 98 476
TY23174 | ESDACDADPFDCQASGRSAGGGGTPLGLAGEGGS 52.57 § 87 419

H. Effect of cleavage peptide length on the masking efficiency of activatable antibodies

targeting HERZ

[8784] TY23174 was chosen to test the dependence of masking efficiency on the length of the

cleavage peptide to suit specific apphications. The cleavage peptide of TY23174 was shortened to

various lengths (Table 19). Activatable antibodies were expressed and purified from mammalian

cells and their masking efficiencies were measured by ELISA as described above and compared

to parent antibody trastuzumab.

[¢785]1 As shown in Table 19, these activatable antibodies were made using different cleavage

peptides with lengths ranging from 4 to 35 residues to modulate antibody masking efficiency.

The strong correlation between masking and cleavage motifs was striking: the masking
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efficiency of TY23941 was enhanced least 30-fold compared to TY23639 when the length of

cleavage peptide is truncated from 20 to 4 amino acids. These results indicated that several novel

masking peptides can be designed and engineered. In addition, the coupling between masking

and cleavage motifs could be further explored. In Tabie 19, the cleavage peptide sequences are

underlined, and masking efficiency was calculated relative to TY23477.

TABLE 19. Relative masking efficiencies of antibodies with varying cleavage peptide lengths

Relative b&g ;? é’[z‘ g i?
Iz ID Masking + cleavage peptide sequences (underlined): masKing e
e s | masking | cleavage
efficiency " .

pepiide | peptide
Y23946 | ESDACDADPFDCQA 011 419 n/a
TY23945 | BSDACDADPFDCQAG 0.07 419 477
TY23944 | ESDACDADPFDCQAR 0.05 419 478
TY?23943 | ESDACDADPFDCQAPL 0.07 419 479
TY23942 | ESDACDADPFDCQAPLG i4 419 480
TY23941 SDACDADPFDCCAPLGL 9.05 419 483
TY23940 | ESDACDADPFDCQAP] 7.07 419 482
TY23694 | ESDACDADPFDCQA 3.53 419 128
TY23632 74 419 484
TY23477 | ESDACDADPEDCQAPLGLAGSGGES i 419 420
TY23698 | ESDACDADPFDCOAGPLGLAGSGGS 0.94 419 484
TY23637 | ESDACDADPFDCQAGGPLELAGSGGS .66 419 485
TY23638 | ESDACDADPFDCQAGGGGSPLGLAGSGGS 0.45 419 486
TY2363% | ESDACDADPFDCQOAGGGESEGGESPLEGLAGSGEG 0.3 419 487
TY23640 | ESDACDADPEDCQAGGGESGEEEGSGGGESPLELAGSGGES 0.22 419 488
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TY23641 | ESDACDADPFED sGGGSGSGGS 0.16 419 489
TY23642 | ESDACDADPEDCQAGGGGSGGEEGESGGGESP LELAGGGGSGGEEGSGESEES | .14 419 490

1. Maturation of masking peptide of activatable antibodies targeting HER2

[0786] A series of optimized masking peptide sequences of TY23477, and TY23536 were

generated, with improved or decreased masking efficiency for different purpose (Tables 20-21).
In Tables 20-21, the cleavage peptide sequences are underlined (PLGLAGSGGS, SEQ D NO:
420 in Table 20, and SGRSAGGGGTPLGLAGSGGS, SEQ ID NO: 431 in Table 21), and

masking efficiency was calculated relative to TY23477.

TABLE 20. Optimized masking peptide sequences and masking efficiencies derived from

TY23477
. . FACS Masking SEQ ID
. Masking + cleavage peptide sequences N e o WO of
g ID . s ECs efficiency by -,
{onderlined): h e masking
(M) FACS .

peptide
TY23477 | ESDACDADPFDCQAPLGLAGSGEGS 419
TY23656 653.9 262 491
TY23657 | ESEFCDADPFECQAPLCLAGSGGS 8333 334 492
TY23658 | ESEYCDADPFECQAPLGLAGSGGS 736.7 295 493
TY23659 | ESEACDLDEFECQAE LG 53 484.1 194 494
TY23650 | ESEACDADPFECQFPLGLAGSGEGS 607.5 244 495
TY23661 3532 142 496
TY23662 | ESEVCDLDPFECQFPLCGLAGSGCES 556.3 223 497
TY23663 | ESDACEADPFDCQAPLGLAGSGGS 573.1 230 498
TY23755 | ESDVCDADFEDCQAFR ] G 5813 274 499
TY23756 | ESDVCDLDPFDCQAPLGLAGSGEGS 1043 492 500
TY23757 | ESDVCDLDPFDCQFPLGLAGSGGS 876.6 413 501
TY23758 | ESEVCEADPFECQAPLCGLAGSGGS 619.7 292 502
TY24004 | EVGSYASAPDACDADPYECQOAPLGLAGSGGS | ND ND 503
TY24005 | EVGSYASVTEACDADPYECSHPI ND ND 504
TY24006 | EVGSYSDVEPEVCEADPYECQHPLGLAGSGGS | NI ND 505
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TY24007 | EVGSYHAASEVCDADPYECSHPLGLAGSGES | ND ND 506
TY24008 | EVGSYSDASEVCEADP YECQHP! ND ND 507
TY24009 | EVGSYASASEACDLDPYECQVPLGLAGSGGS | ND ND 508
TY24010 | EVGSYHDASEVCEADPYECSAPLGLAGSGGS | NIy ND 509
TY24011 | EVGSYASTPEACEADPYECSVPLGLAGSGGS | NIy ND 510
TY24012 | EVGSYADASDVCDADPYECTVPLGLAGSGGS | ND NP 511

TABLE 21. Optimized masking peptide sequences and masking efficiencies derived from

TY23536
SEQID
FACS | Masking Ng of
oG ID Masking + cleavage peptide sequences (anderlined): ECs | efficiency | .
<2 e | Iasking
aM) | by FACS L
peptide
TY23536 | EVGSYYNSDDDCASHYDPYTCYYSGRSAGGGGTPLGLAGSGGS | 4832 | 84 460
TY23775 | EVGSYYNSDODCVSHYDPYTCYYSCRSAGGCGTPLGLAGSGGS | NI ND 12
TY23777 | EVGSYYNSDDDCISHYDPYTCYYSGRSAGGGGTPLGLAGSGES | 104.4 181 513
TY23780 | EVGSYYNSDDDCASRYDPYTCYYSGRSAGGGGTPLGLAGSGES | 1084 | 188 Sl4
TY23917 | EVGSYYNSDDDCVSRYDPYTCYYSGRSAGGGGTPLGLAGSGES | 156 271 313
J. Maturation of cleavage peptide of activatable antibodies targeting HER2
(87877 A series of optimuized cleavage peptide sequences of TY23477 were generated, with
improved cleavage efficiency (Table 22). In Table 22, the cleavage peptide sequences are
underlined.
TABLE 22. Masking peptide with modified sequences derived from TY23477
Peptide | Masking + cleavage peptide sequences | SEQ ID NQ of SEQ ID NO of
D {underlined}): masking peptide | cleavage peptide
B14555 ESDACDADPFDCQASAPLGLAAP 419 516
B14537 ESDACDADPEDCOARPLGLAARM 419 517
B14538 ESDACDADPFDCQARPLGLASRL 419 518
B14539 ESDACDADPFDCQAPPLGLASRL 419 319
B14540 ESDACRADPEDCQAVPLGLZ 419 520
B14543 ESDACDADPFDCQOAKPLGLAASL 419 521
B14545 ESDACDADPFDCOAVPLGLASRL 419 522
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B14546 ESDACDADPFDCQAAPLCLAAKL 419 523
B14347 ESDACDADPFDCQAAPLGLASWW 419 524
B14549 ESDACDADPFDCQAIPLGLAARL 419 525
B14550 ESDACDADPFDCQAAPLGLAVML 419 526
B14552 ESDACDADPFDCQARPLGLAARL 419 527
B14556 ESDACDADPFDCQARPLGLAAAL 419 528
B14557 ESDACDADPFDCQARPLGCLAMRL 419 329
B14558 ESDACDADPFDCQAHPLGLASWR 419 530
B14559 ESDACDADPFDCQAAPLGLASRM 419 531
B14560 ESDACDADPFDCQARPLGLAAKL 419 532
B14561 ESDACDADPEDCQAGWSGRSARE 419 533
B14562 ESDACDADPFDCQARSSCRSAVW 419 534
B14563 ESDACDADPFDCQOAGGSGRSAKH 419 5335
B14564 ESDACDADPFDCQAPNSS 419 536
B14565 ESDACDADPFDCOAPRSGRSALW 119 537
B14566 ESDACDADPEDCQATGSGRSAKY 419 538
B14567 ESDACDADPFDCQAGRSCGRSAVW 419 539
B14568 ESDACDADPFDCQAARSGRSARP 419 540
B14569 ESDACDADPEDCQAGSGRSARES 419 541
B14570 ESDACDADPFDCCARRSGRSAVH 419 542
B14571 ESDACDADPFDCQAGPSGRSATY 419 543
B14572 ESDACDADPEFDCQAFRSGRSAVI 419 544
B14573 ESDACDADPFDCQAHSSGRSARY 419 545
Bi14574 ESDACDADPFDCOASNSGRSARY 419 546
B14575 ESDACDADPFDCOATRSGRSAVH 419 547
B14576 ESDACDADPFDCQOASRSGRIAVH 419 548
B14577 ESDACDADPEDCOASMSGRSARW 419 549
B143578 ESDACDADPFDCQARGSGRSAVH 419 550
B14379 ESDACDADPFDCQASRSGRSARN 419 351
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B14580 ESDACDADPFDCQARGSGRSARH 419 552
B14381 ESCACDADPFDCQAARSCRSARW 419 553
B143582 ESDACDADPFDCQASRSGRSAVY 419 554
B14583 ESDACDADPFDCQOARHSGRSAVY 419 555

ixample 9. Generation of CB20<CD3 T-cell-engaging bispecific antibodies

[(788] CD20=CD3 bispecific antibodies and activatable versions of CD20xCD3 bispecific

antibodies with masked anti-CD3 arms were constructed. The constructs are described in Table

23. Specifically, TY254535 is the parental bispecific antibody of TY 25606, and TY 25606 has the

SAFEbody version on the anti-CID3 arm on HCZ2. TY 25715 is the parental bispecific antibody of
TYZ25716, and TY25716 has the SAFEbody version on the anti-CD3 arm on HC2.

TABLE 23. Amino acid sequences of TY25455, TY25606, TY25715, and TY25716 heavy and light

chains

Antibody

IgG 1D chain

Amino Acid Sequence

SEQ ID
NO

TY25455 | LCI

QIVLSQSPAILSASPGEKVIMTCRASSSVSY THWFQOQKPGRSPK
PWIYATSNLASGVPVRESGSGSGTISYSLTISRVEAEDAATYYCO
QWTSNEPTEGGCTRVEIKRTVAAPSVEIFPPSDEQLKSGTASVV
CLLNNEYPREAKVQOWKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHEVYACEVTHQGLSSPVIKSERNRGEC

564

TY25455 | HC1

N

EVQLVQOSCGAEVKEPGSSVEVSCKASGY TFTSYNMHWVRQAPGKG
I IGAIYPGSGDTSYNQREFRGRVIITADRKSTSTAYMELSSLRS
EDTAVYYCARSTYYGGDWYFNVWCGOGTLVIVSSASTKGPSVEPL
APSSKSTSGGTAALGCLVKDYEFPERPVIVESWNSGALTSGVHTERPA
VLOSSGLYSLSSVVIVPSSSLGTQTY IUNVNHRP SNTKVDRDKRVE
PKSCDETHTCPPCPAPELLGGPSVELEFPPKPKDTIMISRTIPEVT
CVVVDVSHEDPEVRENWYVDGVEVHNAKTKPREEQYASTYRVVS
VLTVLHODWLNGKEYKCKVSNKALPAP [EXTISKAKGQPREPQV
YTLPPSRKELTENQVKLTCLVKGFYPSDIAVEWE SNGQPENNYK
TTPRPVLDCDGSEFEFLYSKLTVDKSRWQOGNVE SCSVMHEALENRY
TOKSLSLSPGK

565

TY254 HC2

W
W

QAVVTQEPSLIVEPCGTVILTCGSSTGAVTITSNYPNWVOQOKPGQ
APRGLIGGTNKRAPGVPARFSGSLLGGKAALTLSCGAQPEDEAEY
YCALWY SNLWVEGGCTKLIVLGGGGSGGEESGCEESEEGESEVQ
LVESGGGLVOPGESLRLSCAASGEFTENTYAINWVROAPGKGLEW
VGRIRSKYNNYATYYAESVKGRFTISRDDSENTLYLOINSLRAE
DTAVYYCVRHEGNFGTSYVSWEAYWGQGTLVIVSSEPKSSDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHE
DPEVRKEFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLEQDW
LNGREYKCKVSNEKALPAPIEKTISKARKGQOPREPQVYTDPPSREE
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LTRNQVSLTCLVDGFYPSDIAVEWESNGQPENCYKTTPPVLDSD
GSEFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHY TQDSLSLSE
GK

QIVLSQSPAILSASPGERVIMICRASSSVS Y THWFQOKPGKSPK
PWIYATSNLASGVPVRESGSGEGTSYSLTISRVEAEDAAT
TY23606 | L.CI OWTSNPPTFGGGTKVEIKRTVAAPSVEIFPFSDEQLESGTASVV | 5364
CLLNNEFYPREAKVOWKVDNALOSGNSCESVTEQDSKDSTYSLSS
TLTLSKADYEKHKVYACEVTHQGLSSPVIKSFNRGEC

EVQLVQSGAEVKKPGSSVEVSCKASGYTFTSYNMHEWVRQAPGKG
LEWIGAIYPGSGDTISYNQRKFKGRVIITADKSTSTAYMELSSLRS
EDTAVYYCARSTYYGGDWY FNVWGQGCTLVIVSSASTKGP SVEPL
APSSKSTSGOTAALGCLVEDYFPEPVIVSWNSGALTSGVHTFPA
VILQSSGLYSLSSVVIVPSSSLATQTY ICNVNHEP SNTKVDKKVE
TY25606 | HCH PKSCDETHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRIPEVT | 565
CVVVDVSHEDPEVRENWYVDGVEVHNAKTKFREEQYASTYRVVS
VLTVLHODWLNGKEYRKCKVSNKALPAP IERTISKARKGQPREPQV
YTLPPSRKKLTENQVKLTCLVKGFYPSDIAVEWE SNGOPENNYK
TTPPVLDCDGSFFLYSKLTVDESRWQQGNVE SCSVMHEALHENHY
TOKSLSLSPGK

EVGSYPYDDPDCPSHESDCDQGGGRP LGLAGGSQAVVIQEPSLTV
SPGGTVILTCGSSTGAVITSNYPNWVQOKPGOQAPRGLIGGTNER
APGVPARFSGSL SKAALTLSGAQPEDEAEYYCALWY SNLWVE
GGGTRLITVLGGGGSGEGGEGEEESGEEESEVQLVESGGCLVOPG
GSLRLSCAASCEFTENTYAINWVRQAPGKGLEWVGRIRSKYNNYA
TYYAESVKGREFTISRDDSKNTLYLOINSLRAEDTAVYYCVRHGN
FGTEYVEWFAYWGQGTLVIVSSEPKSSDKTHTCPPCPAPELLGS
PSVELFPPKPKDTLMISRTPEVICVVVDVSHEREFEVEENWYVDG
VEVHNAKTKPREEQYASTYRVVSVLTVLHODWLNGRKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTDPPSRDELTENQVSLTCLV
DGEYPSDIAVEWESNGORPENCYRTTPRPVLDIDGSFEFLYSKLTVD
KSRWOOGNVESCSVMEEALHNHYTODSLELSPGK

TY25606 | HC2 567

QIVLSQSPATLSASPGEKVIMTCRASSSVSY THWFQOKPCGKSPK
PWIYATSNLASGVPVRESGSGSCGTSYSLTISRVEAEDAATYYCQ
TY25715 | LC1 OWTSNPPTFGGGTRVE IRRTVAAPSVF IFPPSDEQLKSGTASVV | 564
CLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYERHEKVYACEVTHQGLSSPVIKSFNRGEC

EVQLVOSGAEVEKPGSSVRVSCKASGYTEFTSYNMHWVRQAPGKG
LEWIGAIYPGSGDTISYNOKFKGRVTITADKSTSTAYMELSSLRS
EDTAVYYCARSTYYGGDWYFNVWGOGTLVIVSSASTEGPSVEPRPL

APSSKSTSGCGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTIPA
VLOSSGLYSLSSVVIVESSSLGTOTYICNVNEKP SNTRVDKKVE
TY25715 | HC1 PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTIPEVT | 565

CVVVDVSHEDPEVKENWYVDGVEVHNAKTRKPREEQYASTYRVVS
VLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQOPREPQV
YTLEPPSREKLTKNQVKLTCLVKECGEYPSDIAVEWESNGOPENNYK
TTPPVLDCDGSFEFLYSKLTVDKSRWQOGNVE SCSVMHEALENHY
TOQRSELSLSPGK

EAVVIQEPSLTVSPGGTVILTCGSSTGAVTTENYPNWVQOKP GO
APRGLIGGTNKRAPGTPARFSGSLLGCKAALTLSGAQPEDEAEY
YCALWYSDLWVEFGGGTKLTIVLGGGEGSGEGESGEGESGGEEGESEVQ
LVESGGGLVOPGGSLRLSCAASGETF STYATNWVROQAPGRGLEY

TY25715 | HC2 568
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VSRIRSKYNNYATYYARESVKDRFTISRDDSENTLYLOINSLRAE
DTAVYYCVRHGNFGTSYVSWFAYWGQGTLVTVSSEPKSSDKTHT
CPPCPAPELLGGPSVELEPPKPRKDTLMISRTPEVICVVVDVSHE
DPEVEKFNWYVDGVEVENAKTKPREEQYASTYRVVSVLTVLHQDW
LNGKEYKCEVSNKALPAPIERTISKAKGQPREPQVYTDPPSREE
LTENQVSLTCLVDGEYPSDIAVEWESNGOPENCYKTTPPVLDSD
GSFFLYSKLTVDKSRWOQGNVESCSVMHEALENHYTQDSLSLSP
GK

TY25716

LC1

QIVLSQSPAILSASPGEKVIMTCRASSSVSY THWFQOKPGRSPK
PWIYATSNLASGVPVRESGSGSGISYSLTISRVEAEDAATYYCO
QWTSNEPTEGGCTRVEIKRTIVAAPSVEIFPPSDEQLKSGTASVV
CLLNNEYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSES
TLTLSKADYEKHEVYACEVTHQGLSSPVIKSEFNRGEC

564

TY25716

HC1

EVQLVQSGAEVKKPGS SVKVSCKASGY TFTS YNMHWVRQAPGKG
LEWIGAIYPGSGDTSYNQKFKGRVTITADKSTSTAYMELSSLRS
EDTAVYYCARSTYYGGDWYFNVHGQGTLVTIVSSASTKGPSVEPL
APSSKSTSGCTAALGCLVKDYFPEPVIVSWNSGALTSGVATFPA
VLQSSGLYSLSSVVIVP SSSLGTQTY ICNVNHKE SNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGP SVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTRPREEQYASTYRVVS
VLTVLHODWLNGKE YKCKVSNKALPAP TEKT I SKAKGQPREPQV
YTLPPSRKKLTKNQVKLTCLVEGF YP SDIAVEWESNGQPENNYK
TTEPVLDCDGSFFLYSKLTVDKSRUQQGNVE SCSVMHEALHNHY
TOKSLSLSPGK

U
[
h

TY25716

HC2

EVGSYPYDDPDCPSHESDCDOGGCPLGLAGGSEAVVIQERPSLTV
SPGETVTILTCGS! AVTTSNYPNWVOQKPGQAPRGLIGGTNKR
APGTPARFSGSLLGGKAALTLSCAQPEDEAEYYCALWYSDLWVE
GGGTKLIVLGGGGSGGEESGEEESGEGEGSEVQLVESGGGLVQPG
GSLRLSCAASGETEFSTYAINWVROAPCKGLEWVSRIRSKYNNYA
TYYAESVEDREFTISRDDSKNTLYLOQINSLRAEDTAVYYCVRHGN
FGTSYVSWEFAYWGOGTLVIVSSEPKSSDKTHTCPPCPAE
PSVELEFPPEPKDTLMISRTPEVICVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYASTYRVVSVLTIVLEQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGOPREPQVYTDPPSRDELTKNQVSLTCLY
DGERYPSDIAVEWESNGOPENCYKTTPPVLODSDGSFFLY SKLTVD
KSRWOQGNVFSCEVMHEEALANEYTODSLSLSPGK

LGG

[6789] In addition, the CD20xCD3 bispecific antibodies TAC2415 and TAC2392 were

generated. The constructs are described in Fable 24. Specifically, TAC2415 1s made up of an
anti-CD3 £.C2 and HC2, and an anti-CD20 LCT and HCZ. TAC2392 is made up of an anti-CD3
HC2, and an anti-CD20 LC1 and HC2.

TABLE 24. Amino acid sequences of TAC2415 and TAC2392 heavy and light chains

IeG ID

Antibody
chain

Amino Acid Sequence

SEQ ID
MO

TAC2415

LC

DIOMTQSPSSLSASVGDRVIITCRASSSVSYMHWYQOKPGRKAPK
PLIYAPSNLASGVPSRESGSGSGIDFTLTISSLOPEDFATYYCQ
QWSENPPTEFGOGTKVEIRKRITVAAPSVEIFPPSDEQLKSGTASVV

570
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CLLNNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHRVYACEVTHQGLSSPVIKSENRGEC

EVQLVESCGGGLVQPGGSLRLSCAASCY TEFTSYNMHEWVRQAPGKG
] VGAIYPGNGDTSYNQRFRKGRFTISVDRSKNT LY LOMNSL
EDTAVYYCARVVYYSNSYWYEFDVRNGOGTLVTVSSASTKGPSVEPR

LAPSSKSTSGCTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLISVVIVPSSSLETOTY ICNVNHKP SNTRKVDRKY

TAC2415 | HCI EPKICDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV | 571
TCVVVDVSHEDPEVKENWYVDGVEVHENARTKPREEQYGSTYRVVY
SVLIVLHODWLNGKEYKCRVSNKALPAPTEKTISKAKGQOPRERPQ
VYTLPPSREEMTKNQVSLWCLVKGEYP SDIAVEWESNGOPENNY
KTTPPVLDSDGSEFFLY SKLTVDRSRWQOGNVESCSVMHEALHNHE
YTQESLSLEPGK

DIVMIQSPDELAVSLGERATINCKESOSLLNSRTRRKNY LAWYQQ
KPGOPPRLLIYWASTRESGVPDRESCGSGSGTDETLTISSLOAED
TAC2415 | LC2 VAVYYCTQSFILRTFGQGTKVEIRRTVAAPSVFIFPPSDEQLKS 572
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKADYEKHEVYACEVTHQCGLSSPVTKSFNRGEC

EVQLVOSGAEVEKPGASVRVSCKASGYTFINYYITHWVRQARPGQG
LEWIGWIYPGDGNTKYNEKFKGRATLTADTSTSTAYLELSSLRS
EDTAVYYCARDSYSNYYFDYWGOGTLVIVSSASTKGP SVEPLAP
SSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTIEFPAVL
QOSSGLYSLSSVVIVPSSSLGTOTY ICNVNHKP SNTKVDKRVEPK

TAC2415 | HC2 SCDKTHTCPPCPAPELLGGPSVFLFPPEPKDTLMISRIPEVICV | 573
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYGSTYRVVSVL

TVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYT
LPPSREEMTENQVSLSCAVRKGEYPSDIAVEWESNGQFENNYKTT
PPVLDSDCSFELVSKLTVDKSRWOOGNVESCSVMHEALHNEYTO
KSLELSPGK

QIVLTQSPSSLEASVGDRVIITCRASSSVSY THWFQOKPCGKSPK
PLIYATSNLASGVPVRESGSGSGTDYTLTISSLOPEDFATYYCQ
TAC2392 | LC1 CWTSNPPTFGGGTRVEIKRTIVAAPSVEIFPPSDEQLKSGTASVV | 574
CLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHRVYACEVTHQGLSSPVIRKSENRGEC

OVQLVQSGAEVKKPGASVKVSCKASCY TFTSYNMHNVRQAPGCG
LEWMGAIYPGNGDTSYNQRFQGRVIITADKSISTAYMELSSLRS
EDTAVYYCARSTYYGGDWYFNVWGAGTLVIVSSASTKGPSVEPL
APSSKSTSGOTAALGCLVKDYFPEPVIVSHNSGALTSGVATEPA
VLOSSGLYSLSSVVIVPSSSLGTQTYICNVNHEKE SDTKVDKKVE
TAL2392 | HCI PKSCDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRIPEVTIC | 575
VVVDVEHEDPEVKENWYVDGVEVHNAKTEPREEEYNSTYRVV SV
LTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSREEMTKNQVSLTCDVSGFYPSD IAVEWESDGOPENNYKT
TPPVLDSDESFPLYSKLTVDKSRWEQGDVE SCSVMHEALHANHY T

QKSLSLSPGK

VOLVESGGGELVQPGESLRLSCAASGE TEFSTYAMNWVRQAPGKG
LEWVGRIRSKYNNYATYYADSVRKGRFTISRODSKNTLYLOMNSL
TAC2392 | HO2 R%E??%VYECVEHG?FQDS?V??F?YWG%G?LYTZS?GE%GS;K
PGSGKFGSGRPGSQAVVIQEP SLTVSPGGTVILTCGSSTGAVTT
SNYANWVQOKPGKSPRGLIGGTNKRAPGVPARFSGSLLGGKAAL
TISGAQPEDEADYYCALWY SNHWVFGGGTKLTVLEPKSSDKTHT

576
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CPPCEAPPVAGPSVELFPPKPKDTLMISRTPEVICVVVDVKHED
PEVKFNWYVDGVEVHNAKTKPREEQY
N

YNSTYRVVSVLTVLHQDWL
GKEYKCRKVSNKALPAPTEKRTISKARGOPREPOVYTLPPSRECM
INQVKLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDG
FELYSKLTVDKSRWOQCGNVF SCSVMHEALHNHYTQKSLSLSPG

K

Example 1. Administration of anti-CD3 and anti-CD2§ bispecific antibodies to
cynomolgus monkeys, and in vifro preclinical studies of anti-CD3 and anti-CD2§ bispecific
antibodies

[#798¢] The following example describes the results of experiments to evaluate the safety profiles
of parental and activatable anti-CD3 and anti-CD20 antibodies i cynomolgus monkeys, as well
as in virro prechinical studies using the parental and activatable anti-CD3 and anti-CD20
antibodies

Materials and Methods

Anti-CD3 and anti-CD20 bispecific antibodies

[¢7911 The anti-CD3 and anti-CD20 bispecific antibodies described n Example 9, above, were
used.

Toxicity study in cynomolgus monkeys

(87921 A pilot non-GLP toxicology and pharmacology study was performed in male cynomolgus
monkeys (Macaca fascicularis) to determine the ability of the CD3xCD20 bispecific antibodies
to deplete B-cell populations in these animals. Fach animal received either a parental bispecific
antibody or SAFEbody/bispecific antibody with four dosages (0.3, 1, 3, 10 mg/kg), as
summarized in Table 25, below. Blood was drawn immediately prior to dosing in order to
establish baseline levels for B and T cells in these animals. TY25455, TY25715and TY25716
were administered by i.v. infusion and blood was drawn at 8 hours, and 1, 7, 14, and 21 days
post dosing. Following day 21 post-dose, blood was drawn every one week until the conclusion
of the study. TY25606 was administered by i.v. infusion and blood was drawn at 8 hours, and 1,
3,7, 10, 14, and 27 days post dosing. Following day 27 post-dose, blood was drawn every one
week until the conclusion of the study. Blood samples were analyzed by FACS for B and T cell
markers and the absolute number of these cell types was determined. Serum samples were also

analyzed for cytokine levels ({FNy, IL-2 and other cytokines) using standard analytic methods.
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TABLE 25. CD20xCD3 Parental and SAFE Bispecific Antibody Study Design in Cyno Monkeys

) 3% zmi 3rd 4tix
Auntibody Cynomolgus Dosing Posing . .
treatment monkey schedule route Dosage | Dosage | Dosage | Dosage
‘ Y ' M [me/kg)| (mg/ke) | (mg/ke)| (me/ke)
S
123455 1 male 4 doses LV, 0.3 1 3 10
{parental)
TY25606 . .
(SAFEbody) 1 male 4 doses Lv. 03 1 3 10
S
F¥25715 1 male 4 doses iv. 0.3 i 3 10
{parental}
TY25716 ) . ;
(SAFEbody) 1 male 4 doses LV 3.3 1 3 10

[6723] Monkey IL-2 in seram was detected by using the FLISA kit (U-CyTech, CT142A),
following the manufacture’s mstrument (see ¥FIGS. 37A.37B). 96-well ELISA plates were
coated with capture antibody overnight at 4°C. After washing with 0.05% Tween 20 in PBS
{PBST) 3 times, the plates were blocked with 3% milk in PBS. Diluted plasma samples were
added to the ELISA plate and incubated for 1 hour at 37°C. The plates were then washed with
PBST and incubated with biotynilated detection antibody for 1 hour at 37°C. After washing with
PBST, the plates were further incubated with streptavidin-HRP, developed by adding TMB, and
the reaction was stopped by adding the stop solution. The absorbance at 450 nm was measured
by micro-plate reader. The data was fit in 4 parameter regression mode on Graphpad Prism.
[6794] Monkey IFN-v in serum was detected by using the ELISA kit {U-CvTech, CT141A),
following the manufacture’s mstrument (see FIGS, 37C-37D). 96-well ELISA plates were
coated with capture antibody overnight at 4°C. After washing with 0.05% Tween 20 in PBS
(PBST) for 3 times, the plates were blocked with 3% milk in PBS. Diluted plasma samples were
added to the ELISA plate and incubated for 1 hour at 37 °C. The plates were then washed with
PBST and incubated with biotynilated detection antibody for 1 hour at 37 °C. After washing with
PBST, the plates were further incubated with streptavidin-HRP, developed by adding TMB, and
the reaction was stopped by adding the stop solution. The absorbance at 450 nm was measured
by micro-plate reader. The data was fit in 4 parameter regression mode on Graphpad Prism.
[#795] The level of total human IgG in the treated cynomolgus monkeys was measured using
FACS (see FIG. 40). 96-well ELISA plates were coated with goat Anti-higG at a concentration
of 2 pg/mL overnight at 4°C. After washing with 0.05% Tween 20 1 PBS (PBST) 3 times, the
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plates were blocked with 3% milk in PBS. Diluted plasma samples were added to the ELISA
plate and incubated for | hour at 37°C. The plates were then washed with PBST and incubated
with anti-huran Ig(s (Fab Specific)-Peroxidase antibody for 1 hour at 37°C. After washing with
PBST, the plates were developed by adding TMB, and the reaction was stopped by adding
phosphoric acid. The absorbance at 450 nm was measured by micro-plate reader. The data was
fit in 4 parameter regression mode on Graphpad Prism.

[§796] Further, pharmacodynamics parameters (including absolute T and B cell counts, and
measurernents of CD69 expression on CD4+ and CD8+ T cells) were roeasured by FACS, and
pharmacokinetic parameters were measured by BLISA. Blood chemistry tests including
measurermnents of AST/ALT/ALP and bilirubin were performed. Routine blood tests, routine
urine tests, electrocardiograms and measurements of blood pressure were performed as well.
Finally, pathology analyses were performed, including gross anatomy and critical organ
weighing, and HE staining for heart, liver, kidney, spleen, and lung.

In vitro Preciinical Studies

[#797] The effect of parental or activatable anti-CD3 and anti-CI28 bispecific antibodies on
reporter assays with or without Raji or SU-DHIL-4 tumor cells was measured (FEGs. 41A-418,
and 42A-42B). Specifically, the T cell activation activity of the bispecific antibodies was
evahiated with Jurkat-NFAT-Luc luciferase reporter assay in the presence or absence of Raji
cells (FIGs. 41A-41B). Briefly, Raji cells were seeded in 96-well plates at 2.0x10% per well and
incubated with serial difuted test antibodies for 30 minutes at 37 °C i 1% FBS/1640 buffer.
After that, Jurkat-NFAT-Luc effector cells were added at 1.0x10° cells/well (E:T ratio, 5:1) and
incubated for another 6 hours. Groups without Raji cells were set as no target cells control. The
plates were read with One-Glo luciferase reagent using a Multi-mode Plate Reader (Molecular
Devices), and data was analyzed and fitted with four-parameter non-linear regression to get
ECS50 values by GraphPad Prism software.

[6798] Further, the effect of parental or activatable anti-CD3 and anti-CD20 bispecific antibodies
ont B cell killing and CD8+ T cell activation was measured in comparison to TAC2392,
TAC2415, and an isotype control (FiGs, 43A-43B). Specifically, for endogenous B cell killing
assays, human PBMCs were freshly purified with Ficoll gradient solution - Histopaque 1077
(Sigma) from healthy donor. After washing, 2x10° PBMC cells were incubated with serial

diluted test antibodies for 24 hours. Following that, cells were washed and stained Live/Dead
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reagent FVS-700 for 10 minutes at 4°C. Cells were washed and stained with T or B cell surface
markers (PerCP-Cy5.5 Anti-Human CD4, BV510 anti-human CD8, APC-Cy7 Mouse Anti-
Human CD3, FITC anti-human CD69 and PE-Cy7 Mouse Anti-Human CD19) for 30 minutes at
4°C. After washing, cells were analyzed by FACS (CytoFlx, BeckMan) and dead B cells were
gated out as CD19+ FV 5+ cells. Activated T cells were gated as CD8+CD69+ T cells.
Percentage of CD19+ FVS+ cells or CDE8+CD6%+ T cells were fitted with antibody
concentrations using 4-parameter four-parameter non-linear regression to get ECso values by
GraphPad Prisro software.

(47997 In addition, T and B cell binding by TY 25455, TAC2392, and an sotype control was
measured (FIG. 44). Binding of CD20xCD?3 hispecific or SAFE-bispecific antibodies to purified
human CD3+ T cells was determined by flow cytometry. Brietly, human or monkey PBMC were
freshly purified with Ficoll gradient solution - Histopaque 1077 (Sigrua) from a healthy donor
and CD3+ T cells were isolated using EasySep TM Human T cell Enrichment Kit (StemCell).
Before staining, 1.4x107 human Fc receptors on CD3+ T cells were blocked with Hurman Fe
Block (BD). Then cells were incubated with fluorescence labeled antibody mixture (APC-Cy7
Mouse Anti-human CB3, PerCP-CyTMS.5 Anti-humsan CD4 and FITC anti-huoman CD8) for 15
muinutes at 4°C. After washing the cells once with PBS supplemented with 2% FBS, cells were
aliquoted to 96-well plates at 2x10° cells per well, and cells were incubated with serial dilated
bispecific, SAFE-bispecific or IgGl isotype control anttbodies for 30 minutes at 4°C. After
washing the cells twice with PBS supplemented with 2% FBS, cell surface bound antibody was
detected by incubating the cells with APC-labeled mouse anti-human IgG Fc secondary antibody
for 30 minutes at 4°C. Cells were washed and detected by FACS using Cytoflex (BeckMan) and
data was analyzed by Flowlo. The mean fluorescence (MFI) of each antibody binding to human
or monkey CD4+T cells and CD8+ T cell populations were fitted with four-parameter non-linear
regression to get ECso values by GraphPad Prism software.

[888¢] Binding of CD20xCD3 bispecific or SAFE-bispecific antibodies to purified human B
cells was determined by flow cytometry. Briefly, human or monkey PBMC were freshly purified
with Ficoll gradient solution - Histopaqgue 1077 (Sigma) from a healthy donor and B celis were
isolated using EasySep™ Human B Cell Isolation Kit (StemCell). The purified B cells were
incubated with PE/Cy7 Anti-human CD19 for 30 minutes at 4°C. After washing the cells with

PBS supplemented with 2% FBS, cells were aliquoted to 96-well plates at 1x10° cells per well,
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and cells were incubated with serial diluted bispecific, SAFE-bispecific or IgGl isotype control
antibodies for 30 minutes at 4°C. After washing the cells twice with PBS supplemented with 2%
FBS, cell surface bound antibody was detected by incubating the cells with APC-labeled mouse
anti-human {gG Fc secondary antibody for 30 mnutes at 4°C. Cells were washed and detected by
FACS using Cytoflex (BeckMan) and data was analyzed by FlowJo. The mean fluorescence
{MFTI) of each antibody binding to human B cells (CD19+) were fitted with four-parameter non-
iinear regression to get ECso values by GraphPad Prism software.

Hesults

Results in cynomalgus monkeys following administration of first dose (0.3 mg/'kg)

[8801] TY25455, TY256006, TY25715, or TY25716 were admiunistered to cynomolgus monkeys,
and cytokine release assays were performed (see FiGs. 37A-37D). A significant cytokine storm
was observed after TY2545S5 and TYZ2S571S5 dosing at 0.3 mg/kg. No obvious cytokine release
was observed after TY25606 and TY25716 dosing 2t 0.3 mg/kg.

[8802] The behavior of the monkeys was monitored following antibody administration, as shown
in Table 26, below.

TABLE 26. Abnormal Behavior Report in Cyno Monkeys Administered CD20xCD3 Parental or
SAFE Bispecific Antibodies

Antibody treatment Abnormal behavior report

Yomit ~1 hour after 0.3 mg/kg dosage on day 1. Subsequently

TY5455 N
I'Y25455 {parental} recovered.

TY25606 (SAFEbody) | Normal

Vomit ~1 hour after 0.3 mg/kg dosage on day 1. Subsequently

TY25715 (parental) recovered

TY25716 (SAFEbody) | Normal.

[88063] PD markers were measured by FACS (see FIGS. 38A4-38C). T cell transmigration and B
cell depletion were observed 3 hours after antibody injection {both with parental and SAFEbody
antibodies, 0.3 mg/kg).

Results in cynomolgus monkeys following administration of second dose (I mg/kg)
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[8884] T cell transmigration and B cell depletion were observed 3 hours after antibody mjection
{(both parental and SAFEbody, 0.3 mg/ke). However, the second dosing {1 mg/kg) did not induce
significant T cell transnugration and B cell depletion (F1Gs. 39A-398).

[8805] TY25606 showed a normal PK curve i the first dosage (0.3 mg/kg). However, the peak
concentration was very low in the second dosage (1 mg/kg) and the Ab was almost non-
detectable 24 hours after dosing, indicating the existence of ADA (FIG. 48).

In vitro Preciinical Studies

[6886] The effect of parental or activatable anti-CD3 and anti-CD20 bispecific antibodies on a
reporter agsay with or without Raji tumor cells was measured (FIGs, 41A-41B) TY25455
showed higher activity than TY25715 in the reporter assay using Raji turmor cells.

(88677 The effect of parental or activatable anti-CD3 and anti-CD20 bispecitic antibodies on a
reporter assay with or without SU-DHL-4 tumor cells was measured (FiGs. 42A-428). TY25455
showed higher activity than TY25715 tn the reporter assay using SU-DHL-~4 tumor cells.

[8808] The effect of parental or activatable anti-CD3 and anti-CD20 bispecific antibodies on an
i vitro B cell killing assay was measured. TY25455 promoted B cell killing and CD8+ T cell
activation {(FiGs. 43A-43B).

[686%] T and B cell binding was measured using FACS (FIG, 44). TY25455 bound to human

and monkey T and B cells with sumilar affinities.

Example 11: Generation and characterization of additional CD20sCD3 bispecific
antibodies

A. Generation of the CD20xCD3 bispecific antibodies

(88181 Bispecific antibodies comprising an anti-CD3-specific binding domain and an anti-
CD20-spectfic binding domain were constructed using standard methodologies. The anti-CD3-
specific domam comprises a single-chain variable fragment (“CD3-scFv”) wherein the variable
regions of the heavy and light chains are connected by a short linker peptide. The anti-CD20-
spectfic domain comprises a heavy chain variable region (“CD20-VH”) paired with a light chain
variable region ("CDZ20-VL”). Several different CD3-scFv, CD20-VH and CD20-VL
components were used in the different bispecific antibodies of the following example.

[8811] A summary of the component parts of the antigen-binding domains of the various

bispecific antibodies made in accordance with this example is shown in Table 27
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TABLE 27: Construction of bispecific antibodies
BsAb ID CD3-scFv arm CD20 VH arm CD20 VL armn
TY25715 TY24742 VH-13 VL-21
TYZ26619 TY24742 VH-1 Vi-2
TY26620 TY24742 VH-1 VI-13
TY26621 TY24742 VH-1 Vi-15
TY26622 TY24742 VH-13 VL-2
TY26623 TY24742 VH-13 Vi-13
TY26624 TY24742 VH-13 VL-15
TY26625 TY24742 VH-21 V-2
TY26626 TY24742 VH-21 Vi-13
TY26627 TY24742 VH-21 VL-15
TY26628 TY24742 Mut-2 VH-1 Vi-2
TY26629 TY24742 Mut-2 VH-1 VL-13
TY26630 TY24742 Mut-2 VH-1 VL-15
TY26631 TY24742 _Mut-2 VH-13 VL-2
TY26632 TY24742_Mut-2 VH-13 Vi-13
TY26633 TY24742 Mut-2 VH-13 VL-15
TYZ5455 TYZ24742 Mut-2 VH-13 VL-21
TY26634 TY24742 Mut-2 VH-21 Vi-2
TY26635 TYZ24742 Mut-2 VH-21 VL-13
TY26636 TY24742 Mut-2 VH-21 VL-15

[6812] The CDRs of the anti-CD3 domains {TY24742 and TY24742-mut2) of the bispecific

antibodies are shown i Table 7.

[6#813] The amino acid sequence identifiers for the various heavy chaiu variable regions and

light chain variable regions of the anti-CD20 domains, and their corresponding CDRs of the anti-

D20 domains of the bispecific antibodies were shown in Tables 28-31.

TABLE 28: Amino acid sequence of heavy chain CDRs of the anti-CD20 arm

CD26- . . \

VH ID HCBER1 HCDR2 HCBR3
SYNIH ATYPGSGDTSYNQKFKG STYYGGDWYFNV

VH-1 (SEQ ID NO: 86) (SEQ ID NO: 5357) (SEQ ID NOG: 5338)

YVH-13 SYNMH AIYPGSGDTSYNQKFKG STYYGGDWYFNV

YVH-21 (SEQ ID NO: 556) (SEQ ID NO: 557) (SEQ ID NO: 558)

TABLE 29: Amino acid sequence of heavy chain CDRs of the anti-CD20 arm

CD26-
VHIb

Amino Acid Sequence

SEQ ID
NG
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EVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYNIEWVRQAPCKGLEWIGATY
PGSGDTSYNQRKFKGRVT ITADKSTSTAYMELSSLRSEDTAVYYCARSTYYGG
YVH-1 DWYFNVWGQGTLVIVSS

<
~1

FVOLVOSCAEVKKPGSSVKVSCRASGY TF TS YNMENVROAPGKGLEWIGATLY | 562
PGSGETSYNQKFKGRVIITADKSTSTAYMELSSLRSEDTAVYYCARSTYYGG
VH-13 | DWYFNVWGQGTLVTIVSS

EVQLVQSGAEVKKPGSSVEVSCKASCYTF TSYNMERVRQAPGOGLEWIGALY | 88
PGSGDTSYNQKFKGRVIITADKSISTAYMELSSLRSEDTAVYYCARSTYYGE
VH-21 | DWYFNVWGQGTLVIVSS

TABLE 30: Amino acid sequence of light chain CDRs of the anti-CD20 arm

fe)

CD29- . - .
VL ID LCDRI1 LCDR2 LCDR3
VL2 RASSSV3IYIH ATENLAS COWTSNPPT
e (SEQ ID NO: 559) (SEQ ID NO: 560) (SEQ ID NO: 561)
VL-13 RASSSVSYIH ATSENLAS QOWTSNPPT
(SEQ ID NO: 559) (SEQ 1D NO: 560) (SEQ 1D NO: 561)
VL-15 RASSSVIYIH ATSNLAS COWTSNPPT
(SEQ ID NO: 559) (SEQ 1D NO: 560) (SEQ 1D NO: 561)
VL-21 RASSSVSYIH ATSNLAS QOWTSNPPT
“ (SEQ ID NO: 559) (SEQ 1D NO: 560) (SEQ ID NO: 561)

TABLE 31: Amino acid sequence of anti-CD20 arm light chain variable region

CD28- i . SEOTH
VL ID Amino Acid Sequence NO

DIVLTQSPSSLSASVGEBRVIITCRASSSVSY THWYQOKPGKSPKPLIYATSN 89
VL-2 LASGVPVRESGSGSCTDYTLTISSLOPEDFATYYCQOWTISNPPTFGOGTEVE
IXR

DIQLTQSPSSLSASVGDRVIITCRASSSVSY THWFQOQKPGKAPKLLIYATSN 80
YViE-13 LASGVPSRESGSGSETDETLTISSLOPEDFATYYCOCOWTSNPPTFGOGTRVE
IKR

DIQLTQSPS
YVI-15 | LASGVPSRE
IKR

SLSASVGDRVTIITCRASSSVSYIHWYQQKPGEAPKPLIYATSN 91
SGSGS FTLTISSLOPEDFATYYCQOWISNPPTEFGOGTKVE

QIVLSQOSPALLSASPGERKVIMTICRASSSVSY THWF QORPGKSPRKPWIYATSN
VE-21 LASGVPVRESGSGSGTSYSLTISRVEAEDAATYYCQOWISNPPTEFGGGTKVE
IXKR

D
b

B, Screening of the CD20xCD3 bispecific antibodies

[8814] The CD20xCD3 bispecific antibodies were screened using the fuciferase-based reporter
assay. The Jurkat/NFAT-Luc cells (1x10° celis/well), which contains a luciferase gene under the
control of the NFAT response element, were mixed with CD20+ Raji cells (2x10% cells/well) at
the E/T ratio of 5:1 in the presence of the CD20xCD3 bispecific antibodies with serial dilution.

After incubation for 5 hours at 37°C and 5% €02, ONE-GLO was added and the luminescence
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was measured by a multiplate reader. As shown in FEG. 47, the bispecific antibodies activate
luciferase in a dose-dependent manner.

C. Stability

[06815] Antibody stabilities were examined under different stress conditions. As shown in Table
32, TY25606 of 1 mg/mk remained stable after 6 cycles of freezing (-80°C) and thawing (room
temperature}, as analyzed by SEC-HPLC. As shown in Table 33, TYZ25716 of | mg/mL showed
0.7% decrease of SEC main peak after 6 cycles of freeze and thaw. After fourteen days at 4 or
40°C, there was litile change of HMW aggregate or low molecular weight (LMW) fragiments
for both molecules. TY25606 and TY25716 were also stable under pH 3.8 for 3 hours and pH
8.0 for 24 hours at room temperature. Taken together, these results jndicate that even without

formulation optimization, TY25606 and TY25716 had excellent developability profile.

TABLE 32: changes of HMW% in SEC-HPLC analysis under different stress conditions for

TY25606
No-treatment After-treatment
Conditions HMW Main LMW | HMW Main LMW
e peak% % 9o peak% Do

Freeze thaw 6 cycles 5.9% 94.1% 0% 5.0% 95% 0%
Storage stability at 4°C for 14
days 5.4% 94.6% 0% 5.5% 94.5% 0%
Storage stability at 40°C for 14
days S5.4% 94.6% 0% S5.1% 94.4% 0.5%
pH stability at pH 3.8 for 3 hours
at R.T. 6.0% 94.0% 0% 5.9% 94.1% 0%
pH stability at pH 8.0 for 24
hours at R.T. 6.0% 94.0% 0% 3.7% 94.3% 0%

TABLE 33: changes of HMW% in SEC-HPLC analysis under different stress conditions for

TY25716
No-treatment After-treatment
Conditions HMW Main LMW | HMW Main LMW
% peak% o % peak% %
Freeze thaw 6 cycles 1.7% 98.2% 0.1% | 2.5% 97.5% 0%
Storage stability at 4°C for 14
days 1.7% 98.2% 0.1% | 1.7% 98.3% 0%
Storage stability at 40°C for 14
days 1.7% 98.2% 0.1% | 2.5% 96.4% 1%
pH stability at pH 3.8 for 3 hours
at R.T. 1.3% 98.7% 0% 1% 98.8% 0.1%
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pH stability at pH 8.0 for 24
hours at R.T. 13% | 98.6% | 0% 1.7% 98.2% 0.1% |

D, Binding to human and monkey CD3+ T cells

[(¢816] The ahilities of the SAFEbody/bispecific antibodies to bind to human and monkey CD3+
T cells were tested by flow cytometry. Human PBMCs were freshly isolated from the blood of
healthy donors by density gradient centrifugation using Histopaque-1077 (Sigma). Homan CD3+
T cells were further isolated from PBMCs using the Human T Cell Enrichment Kit (Stem Cell
Technologies). Monkey PBMCs were 1solated from 2 naive cynomolgus monkey by density
gradient centrifugation using Histopaque-1077 (Sigma). Monkey CD3+ T cells were isolated
from PBMCs using the Pan T Cell Isolation Kit Non-Human Primate (Miltenyi Biotec). Purified
human or monkey CD3+ T cells were stained with the testing antibodies as the primary antibody
and the APC-labelled anti-human-Fc antibody (BioLegend) as the secondary antibody. After
washing, the cells were analyzed on the CytoFLEX flow cytometer (Beckman Coulter) and the
data was analyzed by FlowlJo software.

[0817] As shown in Table 34, TY25455 (parental antibody) and MMP-9 cleaved TY25606
(Sb/Bs antibody) showed comparable binding affinity to human and monkey CD3+ T celis,

while TY25606 and control igG showed no binding.

TABLE 34: summary of antibody binding to human and monkey T and B cells

Human CD3+ T Monkey CD3+ T Human B Monkey B
Sample Cells cells Cells Cells
D EC50 EC50 EC50 | max | BECS50 | max
(nM) max MF] (nM} max MF1 | (aM) MF1 {(nM) MF1
TAC23592 6.923 6492 26.64 3201 12.62 | 32252 1 83.83 | 6023
TY25455 9.517 4853 10.51 2100 - - - -
TY25606 ND 1094 ND 174 11.66 | 51611 | 14.44 | 35964
TY25718 28.84 2264 20.66 1124 - - - -
TY25716 ND 264 ND 159 14.46 | 49993 ¢ 13.51 | 28087
1eG Curl ND 129 ND 275 ND 1652 N[ 60.4

E. Binding to human and monkey B cells

[(6818] The abilities of the SAFEbody/bispecific antibodies to bind to human and monkey B
cells, which express CD20 ou surface, were tested by flow cytometry. Human and monkey
PBMCs were isolated as rmentioned above. Huroan B cells were further isolated from PBMCs

using the EasySep™ Haman B Cell Isolation Kit (Stem Cell Technologies). Monkey B cells
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were isolated from PBMCs using the Non-Human B Primate Cell Isolation Kit (Stem Cell
Technologies). Purified human or monkey B cells were stained with the testing antibodies as the
primary antibody and the APC-labelled anti-human-Fc antibody (BioLegend) as the secondary
antibody. After washing, the cells were analyzed on the CytoFLEX flow cytometer (Beckman
Coulter) and the data was analyzed by FlowJo software.

[6819] As shown in Table 34, TY25606 and TY25716 showed comparable binding affinity to
human and monkey B cells, while control 1gG showed no binding.

¥, Binding to CD20+ tumor cell lines

[882¢] The ahilities of the SAFEbody/bispecific antibodies to bind to CD20+ tumor cell lines
were tested by flow cytometry. Raji, SU-DHL-8, SU-DHL-4, ASKAW and NAMALWA were
B-cell lymphoma cell lines with various CD20 expression levels on cell surface. Briefly, the test
antibodies were serial diluted and were incubated with the tumor cells on ice. After washing, the
cells were subsequently incubated with the APC-labelled anti-human-Fc secondary antibody
{Biolegend) on ice. The cells were then washed with PBS prior to analysis by the CytoFLEX
flow cytometer {Beckman Coulter). The data was analyzed by Flowlo software.

(68211 As shown in Table 35, all test antibodies were capable of binding to human CD20 on

tarnor cell surface.

TABLE 35: Binding to B-cell lymphoma cell lines

Sample ID TAC2392 TY25606 TY25716
CD3 arm not masked masked masked
CD20 arm not masked not masked not masked
Raii Max MFI 22046 24185 23541
J ECS0 (uM) 1348 33 28
i, Max MFI 3639 5794 5276
SU-DHL-8 ECS0 (uM) 48.6 43 37.2
Max MFI 2290000 2670000 2480000
SU-DHL-4 -
SU ECS0 (nM) 26.9 16 14.6
. Max MFI 675000 942000 967000
AJKAW EC50 (nM) 487.3 120.9 219.6
, Max MFI 447000 656000 647000
NAMALWA 556 v 592 90.4 161.5

. Luciferase-based reporter assay
[6822] The CD20xCD3 SAFEbody/bispecific antibodies with or without MMP9 cleavage and
the corresponding parental antibodies were characterized in the Tuciferase-based reporter assay.

The Furkat/NFAT-Luc cells (1x10° cells/well), which contains a luciferase gene under the
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control of the NFAT response element, were mixed with CD20+ Raji cells (2x10* cells/well) at
the E/T ratio of 5:1 in the presence of the test antibodies with serial dilution. After incubation for
5 hours at 37°C and 5% €02, ONE-GLO was added and the luminescence was measured by a
multiplate reader. As shown in Table 36, TY25606 and TY25716 showed significantly reduced
activities when compared to their parental antibodies TY25455 and TY25715, respectively.
However, the reduced activities of TYZ5606 and TYZ5715 were recovered after the masking

peptides were removed by MMP9 cleavage in vitro.

TABLE 36. Summary of Jurkat/NFAT reporier assay

Sample 1D HC50 (nM) max RLU
TAC2392 0.144 7031
TY25455 .039 6750
TY25606 13.57 4400
TY25455 after cleavage 0.136 6439
TY25715 7.729 6316
TY25716 0.086 4785
TY25716 after cleavage 0.214 6585
1gG eyl ND 235

H., Human and Monkey T cell-mediated tamor cell killing

[6823] The capability of CD20xCD3 bispecific antibodies to activate T cell -mediated cytolysis
of tumor cells was evaluated in vitro. Briefly, human CD3+ or CD8+ T cells were purified from
PBMCs using Human CD3+ T Cell Isolation Kit or Human CD8+T Cell Isolation Kit (Stem Cell
Technologies). The test antibodies were serially diluted and were incubated with Calcein-AM-
labelled Raji cells (1x10° cells/well) in 96-well plates. Human CD8+ or CD3+ T cells were
added with the E/T ratio 10:1 or 3:1, respectively. After incubation at 37°C for 3-6 hours,
Calcein-AM release in the supernatant was measured by SpectraMax (Molecular Devices), and
cytotoxicity was calculated. IFN-y release in the supernatant was measured by ELISA (R&D
Systems). CH3+/CD4+ and CD3+/CD8+ T cell activation (CD25+) was measured by flow
cytometry. The data were analyzed by Graphpad Prism software.

[6824] As shown in Table 37, TY 25455 and TY25715 showed stronger cytolytic activity T cell

activation in CD8+ T cell-mediated killing of Raji cells at the E/T ratio of 10:1.

TABLE 37. Sumumary of human CODS8+ and CD3+ T celi-mediated killing of Raji cells

CD8+T cell killing of Raji (E/T CD3+T cell killing of Raji (B/T = 3:1)
= 10:1)

3
&
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Cytotoxicity ChD8+ T Cell Cytotoxicity to | CD3+/CD4d+ T CD3+/CD8+ T
- , to Raji Cells Activation Raji Cells Cell Activation Cell Activation
bampae -
1D ECS5 | killin max max max max
G g EC50 | activatio | EC50 | killing { EC50 | activatio | ECS50 | activatio
(M) | (%) | (aM) n (%) (aM) | (%) | (oM n (%) (nM) n (%)
0.04 | 33.1
TAC2392 7 P | 0057 1 742% | 0019 | 17.2% | 0317 | 26.6% | 0.104 | 17.70%
0.01 | 315
TY25455 0 % (00171 802% | 0.003 | 15.6% | 0.077 | 33.5% 0.048 22%
18.0 15.05
TY25606 | 15.6 % | 42291 583% 0 19.1% | 6.616 | 13.4% | 4599 | 11.80%
0.00 | 3032 . . . . _ _
TY25715 3 % | 00121 77.6%
w3y L L
TY25716 | 57.6 ¥ 14.4 48.9%
IgG Cul | ND | 27% | ND 10.6% ND | -28% | ND 3.4% ND 4.25%

I. Humaa and Monkey in vitre B cedl killing

[0825] The capability of CD20xCD3 bispecific antibodies to activate T cells to kill endogenous

B celis, which express CD20 on cell surface, was evaluated in vitro. Briefly, human and monkey

PBMCs were isolated using Histopaque-1077 (Sigma) as mentioned above. Purified PBMCs

(2x 10 celis/well) were incubated with serial-diluted test antibodies at 37°C overnight. B cell

depletion and CD8+ T cell activation was measured by flow cytometry, and the data was

analyzed by FlowlJo software.

[6826] As shown in Table 38, TY 25455 showed stronger activities for B cell killing and CD/&+

T cell activation than TY25715 and TAC2392 in the in vitro human B cell killing assay. The
ECS50 values of cytotoxicity were 14, 98 and 140 pM, and the EC50 values of CD8+ T cell
activation were 37, 160 and 110 pM for TY25455, TY25715 and TAC239Z, respectively.
Meanwhile, TY25606 and TY25716 (SAFEbody/bispecific antibodies) with masking at the anti-

CD3 arro showed > 100-fold weaker activities and did not reach saturation sigoal at the highest

concentration being tested.

[0827] Similar activities for the tested antibodies were also observed in the in vitro monkey B

cell killing assay. The EC30 values of cytotoxicity were 41, 218 and 75 pM, and the BEC30 values
of CD&+ T cell activation were §7, 297 and 268 pM for TY 25455, TY25715 and TA(C2392,
respectively. Meanwhile, TY25606 and TY25716 (SAFEbody/hispecific antibodies) with
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masking at the anti-CD3 arm showed >100-fold weaker activities and did not reach saturation

signal at the highest concentration being tested.

TABLE 38. Summary of human and monkey endo-B killing studies

Human Endo-B Killing

Human Endo-B Killing

Cytotoxicity to B cells | CD8+ T Cell Activation | Cytotoxicity to B cells | CIDE&+ T Cell Activation
Sample 1D max max max max
EC50 killing EC50 activation ECS50 killing EC50 activation
(nM) (90) (oM) ) (nM) (%) (nM) (%)
TAC2392 0.14 #3.7% .11 52.5% 0.075 76.9% 0.268 H54.9%
TY25455 0.014 92.1% 0.037 54.8% 0.041 81.8% 0.087 73.2%
TY25606 21.8 92.9% 25.8 20.7% 5.323 69.4% 48.91 35.5%
TY25715 0.098 92.9% 0.16 52.8% 0.218 88.9% 0.297 657.3%
TY25716 1014 86.6% 113.2 10.4% NC 76.2% NC 9.8%
1gG ctrl ND 13.0% ND 0.8% ND 0.0% ND 0.5%

J. PK studies in tumor-bearing mice

[8828] Pharmacokinetics studies of the antibodies was conducted in a mouse xenograft model

inoculating with Raji cells. Raji cells of 5x10° in DPBS were subcutaneously implanted into M-

NSG mice (Shanghat Model Organisms). Three mice per dosing group were intravenously

injected with the test antibodies when tumor volumes reached 60-150 mm”. Serum

concentrations of TY25455 and TY25606 were determined by ELISA, in which the anti-human

1g(3 (Fe specific) antibody was used for capture and the HRP-labeled anti-human IgG (Fab

specific) antibody for detection.

[0829] As shown in FIGs. 49A-498, TY25455 and TY 25606 showed comparable

pharmacokinetics in mice.

K, Monkey toxicity/PD studies with single dosing

(68367 A pilot non-GLP toxicity and pharmacology study was performed in cynomolgus

monkeys (Macaca fascicularis) to determine the ability of the CD20xCD3 SAFEbody/bispecific

antibodies to deplete B cell population in animals. Male animals received a single intravenous

infusion of TACZ392 (0.3 mg/kg), TY25455 (0.3 mg/kg), or TY25606 (0.3, 3 and 30 mg/kg).

Blood was drawn imnmediately prior to dosing to establish baseline levels for B and T cells in

these animals. Drags of different doses were administered by intravenous infusion and blood was

drawn at different time points post dosing for the analysis of B and T cell levels by flow
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cytometry. Serum samples were also analyzed for cytokine levels (JFN-y and 1L-2) using ELISA
method. Serum concentrations of TY25455 and TY25606 were measured by ELISA.
[0831] As shown in FIGs. 50A-50D, administration of TAC2392, TY25455, TY25606,
TYZ5715 and TYZ5716 resulted in depletion of circulating B cells to baseline levels by the first
time point measured (3 hours), followed by gradual recovery around 10 days after dosing. T cell
levels were also monitored in the experiment. A transient loss of circulating T cells was observed
after dosing. T cell levels returned to baseline levels by the day 7 time point and maintained or
vere above the levels until the end of the experiment. Serum cytokine levels for the antibodies
exhibited a dose- and time-dependent response that is counsistent with T cell activation. The
cytokine levels elicited by TY25606 at 30 mg/kg were comparable to those elicited by TAC2392
or TY25455 at 0.3 mg/kg. The cytokine levels elicited by TY237135 at 30 mg/kg were lower than
those elicited by TAC2392 or TY25715 at 0.3 mg/kg. These results indicated that the
SAFEbody/bispecific antibody format effectively reduced cytokine release in vivo. As shown in
Table 39, TY25606 and TY25716 showed improved half-life, comparing to TAC2392 and the
parental antibodies TY25455 and TY25715.

TABLE 39. Pharmacokinetics analysis of the cynomaolgus monkey studies

Dosage 3&(:2392 m(iva T\fé\“o()f\ Y256 % TY?:{?O& TY%\:’ is T‘Y‘Z[;S;IO V25716 TY(Z}S{Z 16
ma/kpy ma/ky) ma/ke) (3 mg/ke) mg/ke) me/ke) me/kp) (3 mgkg) mafkpy
Amnimal # i ] i i 1 i i i
Tmax 0.33 0.33 .33 .33 0.33 0.33 0.33 1.00 0.33
Cmax 174 0.41 3.99 4441 125.24 115 8.55 17.04 72.64
bz 0.21 0.33 0.10 0.07 0.06 0.11 0.15 0.16 0.07
€ last 0.22 0.06 0.57 10.98 48.82 0.20 077 5.18 56.92
ﬁ; ?; 3.32 2407 7.02 9.56 12.32 6.10 474 437 10.53
AUCHast 1.04 0.59 18.84 21.99 109725 242 36.37 63.07 180.41
AUCinf 3.02 0.78 24.62 27338 1964.91 4.14 41.64 9570 104556
R_AUC 35.74 24.18 2347 55.38 44.16 41.53 1263 34.10 82.75
AUMClast 2.53 0.85 93.16 335.27 6369.38 625 161.22 191.41 275.06
AUMCint 12.02 2.16 23261 348241 | 34135.81 33.40 270.99 62548 16019.61
CL 99348.88 | 38607622 | 1218307 | 1097359 | 15267.87 | 72541.89 | 720443 | 3134729 | 2869263
MRTlast 0.80 0.94 4.44 2.25 549 200 3.93 2.53 1.02
MRTinf 3.48 228 895 1224 16.87 7.58 6.01 6.04 14.82
Vss 345621.94 | 882048.15 | 108992.96 | 13429667 | 257610.20 | 549664.86 | 4328249 | 18920343 | 425267.53
Vi 476536.15 | s | 12337203 | 15130491 | 27132612 | 638590.21 | 49257.52 | 197573.93 | 436082.94
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L. In vive efficacy studies using a mouse xenograft model

[8832] The in vivo anti-tumor efficacy of the antibodies was tested in a mouse xenograft model
inoculating with human PBMC and Raji cells. Raji cells of 5x10° in DPBS were subcutaneously
implanted into M-NSG mice (Shanghai Model Organisms). Human PBMCs of 2.5x10" in DPBS
were intravenously injected three days later. The mice were started to be intravenously treated
with test antibodies or control IgG (N=6 each group) once per week when tumor volumes
reached ~100 mm”. Tumor volumes and body weights were measured twice per week until the
study was finished. The mice would be euthanized if tumor volume exceeded 3000 mm? or
weight loss exceeded 20%.

[0833] As shown in FIG, 48, the parental bispecific antibodies TY25435 and TY257135, and the
SAFEbody/bispecific antibody TY 25606 were effective in preventing tumor growth in vive in
the presence of PBMC effector cells. There was no difference in the body weight of the mice

arnong different experitnental groups (data not shown).

Example 12. Comparison of activatable CD20xCD3 antibedy with plamotamab

[8834] Targeting of CD20-expressing tumor cells with anti-CD20 monoclonal antibodies (mAb)
has proven to be highly successful for the treatment of B-cell malignancies. The addition of the
anti-CD2Z0 mAb Ritwxamab to chemotherapy has dramatically improved the outcome for these
patients; nevertheless, disease relapse or recurrence stil occurs. Recent clinical data 1llustrate the
effectiveness of bispecific molecules, often referred to as T cell engagers (TCHEs), that redirect
the patient’s endogenous T cells to eliminate tumor cells. Such therapeutics concomitantly bind
to CD3 on T cells and a target antigen on target cancer cells. CD20xCD3 TCEs, such as
Gdronextamab and Plamotamab, have demonstrated promising chinical activities in B-cel
malignancies. However, these therapies also suffer from incidences (6%} of Grade > 3 cytokine
release syndrome (CRS), even after step-up dosing strategies are implemented.

[6835] Activatable CD20xCE3 bispecific antibody TY25606 has @ masked medium affinity anti-
CD3 schy arm, an unmasked anti-CD20 Fab arm, and an Fc of human IgG1 kappa having an
N297A mutation in the CH2 domain and TYMI13 mutations in the CH3 domain. The masking
moiety is linked to the anti-CD3 scFv domain via a hinker having an MIMP-9 cleavage site. The
parental CD20xCD3 bispecific antibody TY25455 has an unmasked anti-CD3 scFv arm.

[8836] In vitro studies showed that the TY25606 has higher potencies than the benchmark

Plamotamab analog (Plamotamab) for the binding to human B cells and CD20-positive Raji
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tumor cells. On the other hand, TY25606 has significantly reduced binding to the human

CD38/e protein dimer (>80-fold masking efficiency compared with Plamotamab and the

unmasked parental molecule) and no binding to human CD3+, CD4+, and CD8+ T cells. See,

Tables 50A-30B.

Table S0A. Binding to CD306/e protein dimer.

Antibody

Plamotamab

TY25455

TY25606

EC50 (nM)

2.1

24.7

2098

Table 50B. Binding to human T cells, B cells and Raji cells.

Antibody CD3+ T, EC50 CD4+ T, BC50 [CD8+ T, BC50 B Icellsﬁ EC50 Raji nell§,

’ (V) (M) (rM) (nM) EC50 (nM)
Plamotamab 11.78 13.11 10.12 200.3 134.8
TY25455 21.69 18.08 25.37 i i
TY25606 2000 >2000 >2000 78.21 35
Isotype Ctr 2000 >2000 >2000 >2000 >8000
(88371 Consistent with these results, TY25606 shows decreased ability (>-140-fold} compared

with Plamotamab and the unmasked parental molecule to activate CD8+ T cells (Table 50C) and

to induce T cell-mediated killing (Table 50D} in the presence of Raji tumor cells 1n vitro.

Table 50C. Jurkat-NFAT Reporter Assay in Presence of Raji cells.

- T

Antibody  [Plamotamab  [TY25455  [TY25606 TY23606 e otype Control
cleaved

EC30 (nM) 0.144 0.039 13.57 0.086 >200

Table 50D, CD8+ T cell-mediated killing of Raji cells.

Antibody Plamotamab TY25455 TY25600

ECS0 (nM) 0113 (.008 16.61

[8838] Similar to Plamotamab, TY 25455 had similar potency for the induction of killing of

endogenous B cells and activation of endogenous CD8+ T cells within buman PBMCs in vitro.

TY25606 showed nminimal activity in these assays. See, Tables SOE-SOF.

Table SOE. Killing of B cells within human PBMCs.

G

s
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Antibody Plamotamab TY25455 TY25606 {sotype Crl
EC30 (nM) 1.445 0.3698 >160 >160

Table 50F. Activation of CD8+T cells within human PBMCs.

Antibody Plamotamab TY25455 TY25606 {sotype Cirl
EC50 (nM) 0.798 0.2841 >160 =160

[683%] In contrast to its compromised activiiies in vitro, TY25606 demonstrated strong anti-
tumor effect in vivo. In the human PBMC-engrafted mouse model containing Rajt xenograft
tumors, dosing with 1. 5mg/kg TY 25606 and 0.17mg/kg Plamotamab resulted im about 85%
tumor growth inhibition. In exploratory toxicology studies i cynomolgus monkeys, TY25606
was as effective as Plamotamab (at 0.3mg/kg) at inducing B cell depletion from peripheral blood.
The cytokine release of TY25606 was minimal throughout the treatment course for doses up to
3mg/kp. Importantly, even 30mg/kg of TY25606 resulted in >1 to 2-fold less maximum cytokine
release {e.g., IFN-g and IL-2) in monkey blood compared with 0.3mg/kg Plamotamab,
imphicating ~100-~fold safety margin for TY25606 m terms of cytokine induction. Taken together,
these results indicate that TY256006 1s a differentiated CD20xCD3 TCE with strong anti-tumor
activities with significantly reduced habilities of cytokine mduction at the projected therapeutic

dose levels.

Example 13. Generation and characterization of HER2xCI}3 bispecific antibodies

A. Generation of HER2xCD3 bispecific antibodies

(08407 TY27151 was generated froro TY25238 by the addition of a masking moiety and
cleavable moiety (MM-CM) region on both the anti-CD3 and anti-HER?2 arros. TY27008 was
generated frorm TY25238 by the addition of a masking moiety and cleavage moiety (MM-CM)
region on the anti-CD3 arm only (see schematic in FIG. 3B). The amiuno acid sequences of the
MM-CM region for the anti-CD3 and anti-HER2 arms of TY27151 and TY27008 are provided
in Table 44, below.

TABLE 40. Amino acid sequences of TY2715] and TY27008 masking moieties and cleavage

moieties
MM CM
e 1D Arm . e o SEQ Amino Acid SEQID
Amino Acid Sequence D NO Sequence NO

L3
.
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i-CD3 | BVGSYPYDDPDCPSHESD

anti-CD3 | EVGSYPYDDFDCPSHESD | 4y GGGPLGLAGSGGS | 77
Arm cBQ

TYZ7E51 | anti-
HER?2 ESDACDADPFDCOA 419 GGGPLGLAGSGGS 77
arm
anti- TVGSYPYDDPDCPSHESD

Tyz7008 | A0tHCDS | EVOSYRXDDEDCPSHESD | 417 | gogpreracsees | 77
arm Cbg

[6841] The amino acid sequences of the full-length heavy and light chains of TY27151 and
TY27008 are provided in Table 41, below. Heavy chain 1 (HC1) and light chain (LC1) are the
anti-HER2 portions of the TY27151, and heavy chain 2 (HC2) is the anti-CD3 portion of

TY27151. Heavy chain 1 (HC1) and light chain (L.C1) are the anti-HERZ2 portions of the

TY27008, and heavy chain 2 (HC2) is the anti-CD3 portion of TY27008. The heavy chains

sequences below are provided with the C-terminal lysine residue mncluded. Masking moiety

sequences are bolded and underlined.

TARLE 41. Amino acid sequences of TY27151 and TY27008 heavy and light chains

Region of

feG 1D antibody

Amino Acid Sequence

SEQ 1B
NO

TY27151 | LCI

ESDACDADPEFDRCQACCGGPLGLAGSGGSDICMTQSPSSLSASVGD
RVTITCRASQDVNTAVAWYQQKPGEAPKLLIYSASFLYSGVPSR
FSGSREGTDET] PEDFATYYCQQHYTTPPTEGQGTRVE
IKRTVAAPSVEIFPPEDEQLKSGTASVVCLLNNEFYPREAKVOWK
VDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKARYEKHKVYA
CEVTHQGLSSPVTKSFNRGEC

TY27151 | HC1

EVQLVESGGGLVQOPGGSLRLSCAASGENIKDTY THWVRQAPGRG
LEWVARIYPTNGYTRYADSVKGREFTISADTSKNTAYLOMNSLRA
EDTAVYYCSRWGGDGEFYAMDYWGQOGTLVIVSSASTKGP SVEPLA
PSSKSTSGGTAALGCLVEDYFPEPVIVIWNSGALTSGVHTIEFPAVY
LOSSCLYSLSSVVIVESSSLEGTOTYICNVNHKPSNTEKVDRERKVEPR
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTIPEVTC
VVVDVSHEDPEVKENWYVDGVEVHNAKTEKPREEQYASTYRVVSV
LTVLHODWLNCGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSREKKLTKNQVRKLTCLVKGFYPSDTAVEWESNGOPENNYKT
TPEVLDCDGSFELYSKLTVDRESRWOQCNVE SCSVMHEALHNHYT

AT AT P
QKSLSLSPGK

34

TY27151 | HC2

EVGSYPYDOPDCPESHESDCDOGGCGP LGLAGSGGSQAVVIQERSL
TVSPGGETVILTCGSSTCGAVITENYPNWVQOKPGOAPRGLIGGETN
KRAPGVPARF SGSLLGGKAALTLSCAQPEDEAEYYCALWYSNLW
VEGGGTRKLTVLGGGGSGCGEGEEGEGEESGGEESEVQLVESGGGELVY
PGGELRLSCAASGFTENTYAINWVROAPGKGLEWVGRIRSKYNN
YATYYAESVKCGRETISRDDSKNTLYLQINSLRAEDTAVYYCVRH
GNEGTSYVEWFAYWGOGTLVTIVSSEPKSSDETHTCPPCPAPELL
GGPSVFLFPPRPKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYV
DGVEVHNAKTRPREEQYASTYRVVSVLTVLHODWLNGKEYKCKY
SNKALPAPTEKTISKAKGQPREPQVYTDPPSRDELTENQVSLTC
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LVDGEFYPSDIAVEWESNGQPENCYRTTPPVLDSDGSFFLYSKLT
VDESRWOQGNVE SCSVMHEALHNHYTODSLSLSPGK

DIQMTQSPSSLSASVGDRVIITCRASQDVNTAVAWYGQOKPGKAP
RLLIYSASFLYSGVPSRFSGSRSGIDFTILTISSLOPEDFATYYC
TY27008 | LCl COHYTTPPTFGOGTRVEIKRTVAAPSVFIFPPSDEQLKSGTASY | 683
VCLLNNFYPREAKVOWKVDNALQSGNSQESVTIEGDSKDSTYSLS
STLTLASKADYEKBKVYACEVTHQGLSSPVIKSFNRGEC

EVQLVESGOGLVOPGESLRLSCAASGFNIKDTY IHWVROAPGRG
LEWVARIYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNSLRA
EDTAVYYCSRWGGDGFYAMDYWGGGTLVIVSSASTRGPSVEPLA
PSSKSTSGETAALGCLVEK EPVIVSWNSGALTSGVHTFPAV
LOSSGLYSLSSVVIVPSSSLGTQTYICNVNHKP SNTKVDKKVEP
TY27008 | HC1 KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRIPEVTC | 684
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSV
LTVLHODWLNGKEYKCKVSNKALPAP IEKT L SKAKGQPREPQVY
TLPPSRKEKLTKNQVRELTCLVKGEFYPSD IAVEWESNGOPENNYKT
TPPVLDCDGSFFLYSKLTVDKSRWQQGNVE SCSVMHEALHNHYT

QESLSLSPGK

EVGEYPYDDPDCPSHESDCDOGGCPLGLAGSGGSQAVVIQEPSL
TVSPGGETVILTICGSSTCGAVITONYPNWVOOKPGOAPRGLIGGETN
KRAPGVPARFSGSLLGGKAALTLSGCAQPEDEAEYYCATLWYS
VEGGGTRLITVLGGGGSGCGESGGECESCHECSEVRLVESGGGELVE
PGGELRLSCAASGFTENTYAINWVROAPGKGLEWVGRIRSKYNN
YATYYAESVKGRETISRDDSKNTLYLQINSLRAEDTAVYYCVRH
GNEGTSYVSWFAYWGOGTLVIVSSERPKSSDKTHTICPPCPARPELL
GGPSVEFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYV
DGVEVHNAKTKPREEQYASTYRVVSVLTVLHODWLNGKEYKCKVY
SNKALPAPTIEKTISKAKGOPREPQVYTDPPSRDELTENQVELTC
LVDGEFYPSDIAVEWESNGQPENCYKTTPPVLDSDGSFFLYSKLT
VOKSRWOQGNVESCSVMHEALENHYTODSLSLSPGK

TY27008 | HC2 685

[8842] To generate the bispecific antibodies, plasmids encoding the heavy chain, light chain, and
scFv-Fc chain were transtently transfected into mammalian cells. Bispecific antibody-containing
cell cuiture supernatants were harvested 7 days after transfection by centrifugation at 14000 ¢ for
30 minutes, and were filtered through a sterile filter (0.22 pm). Antibodies were purified by
protein A affinity chromatography using MabSelect SuRe prepacked columns (GE Healthcare)
and were subsequently buffer exchanged in 20 mM lustidine {(pH 5.5) buffer The purity of the

proteins are shown in Table 42 below.

TABLE 42. The new bispecific antibodies and SEC-HPLC purity

SEC-HPL{ purity
G ID Format msftfmt HM W M(mﬂmer LM W
(%) (%) (%)
TY25238 Bispecific antibody TYMI13 2.3 93.9 3.8
TY27008 HER2xSAFE-CD3 TYMI13 11.9 88.1 0

[R]
et
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I TY27151 SAFE—HERZXSAFE—CDQ%i TYMI13 i 9.6 90.4 0

B, Binding tv CD3 and HER2

[6#843] The binding affinities of the HER2ZxCD?3 bispecific antibodies were analyzed through
enzyme-iinked immunosorbent assays (ELISAs) (see FIGs. 51A-51C). 2 pg/mb of human CD3
{e and & chain heterodimer} or human HERZ fused with human Fc fragment, were prepared and
used to coat the ELISA plate at 2-8°C overnight. After washing and blocking, 50 pl serial diluted
1g(3s were added and incubated at 37°C for 1 hour. Plates were washed three times and then
mcubated with 50 ul/well TMB substrate at room temperature for about 20 minutes. Absorbance
at 450 nm was measured after the reaction was stopped. The concentration of each antibody that
produced half-maximal binding to theantigen is reported as the ECso in nM.

[0844] As shown in Table 43 and FIGs, 51A-81C, The activatable bispecific antibodies
TY27008 and TY27151, show much lower affinity to (D3 than their parental antibody
TY25238. The activatable bispecific antibody TY27151 also show low affinity to HER2 than
TY25238.

TABLE 43. ELISA EC50s of bispecific antibodies

Sample 1D ELISA (CD3d¢) | ELISA (CD38¢) | ELISA (HER2)
EC50  (aM) EC50 (oM) | ECU (M)

TY24051 70 25 I R

TY25023 S Y I

TY25238 6.9 196 118

Y2008 | TR O0TEL06 174

Y2751 = D ATE06 7501
Trastuzumab —_— 0.64

[8845] To compare functional activity between TY24051 and TY 25023, the antibodies were
expressed, purified and evaluated for antigen-dependent bispecific antibody-mediated tumor cell
killing activity. For in vitro cytotoxicity assays, human D8+ T-cells were isolated from fresh
human blood and mixed with HERZ2-postitve tumor cells with different antigen expression levels
along with increasing amounts of bispecific antibody overnight (target cells: 1x10* cells/well,
ET=10:1).

[6846] As shown in FIGs, 52A-52C, for different cell lines, compared with TY24051 and

TY25023, the tumor killing activity of the new bispecific antibody TY25238 show comparable
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activity as TY24051, and is apparently more potent than TY25023. The EC50 values of the cell

killing activities are listed in Table 44.

TABLE 44. Cytotoxicity EC30 values

ECS0(pM) LDH Kit
Sample ID SKOV3 MCFE-7 AS549
(High) {Medium) {Low)
TY24051 0.931 2.90 31.9
TY25023 2.82 15.6 4225
TY25238 0.790 3.90 94.4

C. Cleavage of masking moieties
(88477 The CM sequences in TY27151 and TY27008 were designed to improve their cleavage
efficiency by MMPs. As shown in FIGs. 83A-53B, both CMs of the anti-HERZ and anti-CD3
arms of TY27151 and TY27008 were easier to be cleaved by MMP-9 than TY25026.
D, Repeated SK-QV-3 binding
[8848] Dose-dependent binding activity of the parental, activatable, or cleaved HER2x(CD3
bispecific antibodies on SK-0OV-3 tumor cells, was measured using flow cytomeitry. Briefly,
SKOV-3 cells were seeded in 96-well plates at 1.0x10° per well and incubated with serially
diluted test antibodies for 30 minutes at 4 °C in 1% FBS/1640 buffer. After that, the cells were
washed twice with DPBS and further incubated with secondary APC-anti-human IgG Fe
antibody for 30 minutes at 4 °C. Finally, the cells were washed twice with DPBS and suspended
mn FACS buffer for flow cytometry analysis. Then MFI values vs. concentrations were analyzed
with Flowjo and Data were further fitted with four-parameter non-linear regression to get ECS50
values by GraphPad Prism software.
[8849] As shown i Table 45, TYZ7008, parental and cleaved forms showed very similar
binding (stnular EC50) to HER2 molecules on SKOV-3 cells. TY27151 showed about 265-fold
masking efficiency, compared with tts parental antibody TY25238,

Table 45. ECso of SK-0V-3 full dose binding

Abs FEC50(nk) Span AU (3(“2_495%2‘699)
TAC2416 9.67 55593 103421
TY25238 4.08 S6424 123633

TY27608-Cleaved 6.10 56465 112416
TY27151-Cleaved 7.42 54985 106335
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TY27008 5.86 58984 118695
TY27151 1082 31735 36746

E. In vitro pharmacology studies

(88367 The in vitro tumor killing activity of parental, activatable, or cleaved HER2xCD3
bispecific antibodies on SK-OV-3, MCF-7, JIMT-1, or HT35 tumor cell lines was measured
using an LDH assay. Briefly, the human PBMCs were purified with Ficoll gradient solution -
Histopague 1077 (Sigma) from one healthy donor blood. SK-0OV-3, MCF-7, JIMT-1, or HT35
(1x10% cells/well) cells were prepared to incubate with serially diluted test articles for 30min at
37 °C, and the human PBMC cells (10x104cells/well) were added and incubated for 20h
(E:T=10:1). The in vitro tumor killing activity was analyzed with CytoTox96 non-Radioactive
cytotoxicity assay kit {Promega (1780}

[8851] As shown in Table 46, when SK-0OV-3, MCF-7, JIMT-1, or HT55 was used as target
cells, TAC2416 (reference antibody described in US20150133640A1, with polypeptide chains of
SEQ 1D NOs: 43-45), parental TY25238 and cleaved HER2xCD3 bispecific antibodies showed
very similar in vitro killing activities (7.e., similar EC50). The CD3-masked TY27008 exhibited
relatively modest in vitro killing activity. TY27151 with both HER2 and CD3 arms masked
showed the weakest in vitro killing activity among all the tested antibodies. In addition, our
study indicated that killing activity (both EC50 and Emax) is generally correlated with target

expression level on the cell lines.

Table 46. Killing activity on SK-OV-3, MCF-7, JIMT-1, or HTSS tumor cell lines

SK-OV-3 MCF-7

ECS0(nM) ECS0(nM)
Sample 1D o Activation- Activation- . .. | Activation- | Activation-

Cytotoxicity CD4 cpg | Cywloxicity | eny CD8

TAC2416 | 0.0036 0.0025 0.0015 0.0105 0.0407 0.0557
TY25238 0.0012 0.0018 0.0013 0.0104 0.0504 0.0361
TY27008-
Cleaved v.oo16 0.0028 0.0021 00094 0.0699 0.1195
TY27151- . .
Cleaved 0.0013 0.0029 0.0017 0.0085 0.1422 01690
TY27008 0.0451 0.0470 0.0548 0.3051 0.4987 0.7666
TY27151 1.4730 2.6970 1.1810 NA NA NA
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HER2 58678.0000 11610000
Expression
(MFD)
JIMT-1 HT5S

Sample 1D EC38(n)M) EC38(n)M)

Cyvtotoxicity Activation- Activation- Cytotoxicity Activation- | Activation-

Y Y1 epa CD3 e Y op4 CD38
TAC2416 | 00181 (1.3480 0.4799 0.0440 0.2147 (1.2763
TY25238 | 00154 0.1406 0.1581 0.0465 0.3787 0.7057
TY27008- 1 0.0191 0.2163 0.3680 0.0705 0.7066 NA
Cleaved
TY2715E- 1 0.0166 0.2857 0.3566 0.0455 1.3830 NA
Cleaved
Tyr700s | 04495 0.8766 1.3070 0.6744 2.5040 NA
Tya7ist | NA NA NA NA NA NA
HER2 8009.0000 2447.0000
Expression
(MFL)

¥, HER? expressing tumors {(SK-OV3) model

[6852] Immunodeficient M-NSG mice (n=6 per group, female, 8-9 weeks old) were transplanted
with §x10° PBMC through i.v. injection. After 3 days 2x 10° SK-OV3 cells were inoculated
subcutaneously. Treatment began at Day 11 post tumor inoculation when the average twnor
volume reached about 130 mm’. The mice were administered with Vehicle, anti-HER2 xanti-
D3 bispecific antibody TY25023 or anti-HER2 xanti-CD3 bispecific antibody TY25238 at |
mg/kg, 0.2 mg/kg or 0.04 mg/kg by i.p. injection. The mice were administered these Abs twice
per week for a total of four doses. Tumor growth was monitored twice a week and reported as
the mean tumor volume * s.e.m. over time.

[6853] As shown in FIG. 54A, the bispecific antibody TY25238 showed significantly stronger
anti-turnor efficacy than TY25023 at both 0.2 mg/kg and 0.04 mg/kg.

[0854] In a second experiment, immunodeficient M-N3G mice (n=6 per group, female, 8-9
weeks old) were transplanted with 510° PBMC through 1.p. injection. Seven days later, the mice
were inoculated subcutaneously with 2210° SK-OV3 cells. Treatment began at Day 8 post tumor

inoculation when the average tumor volume reached about 75 mm’. The mice were administered
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with Vehicle, anti-HERZ xanti-CD3 bispecific parental antibody TY25238 at 0.2 and 0.04 mg/kg,
or anti-HER2xanti-CD3 bispecific single masked bispecific antibody TY27008 at 1 mg/kg, 0.2
mg/kg and 0.04 mg/kg, or two arms-masked anti-HER2<anti-CD?3 bispecific antibody TY27151
at 5 mg/ke, 1 mg/ke and 0.2 mg/kg, or anti-HER2xanti-CD3 bispecific benchmark antibody
TAC2416 at 0.04 mg/kg by 1.p. injection. The mice were administered these Abs twice per week
for a total of six doses. Tumor growth was monitored twice a week and reported as the mean
tumor volume + s.e.m. over time.

[8855] As shown in FIG. 54B, the parental antibody TY25238 showed much stronger anti-tumor
efficacy than both TY27008 and TY27151. While the single masked hispecific antibody

TY 27008 also showed much stronger anti-tumor efficacy than the two arms-masked bispecific
anttbody TY27151.

. PK profile in Cynomolgus Monkey

[8856] A pilot non-GLP toxicology and pharmacology study was performed 1o healthy male
cynomolgus monkeys (Macaca fascicularis) to determine the pharmacodynamics and
toxicological profile of the CD3xHER?Z bispecific antibodies in these animals. Each arumal
received either a repeat parental bispecific antibody or masked bispecitic antibody, as
summarized in Table 47.

Table 47. Study design.

Sample 1D Number/Sex of Dosing schedule Dosing route Dasage

Animals {(mg/kg)
TY25238 1 male QwWx2 LV 0.02

1 male Qwx1 Lv. 0.2
TY27008 1 male QWx2 L. 2

1 male OWx2 L. 10
TY27151 1 male QWx2 LV, 10

1 male QWx2 LV 30

1 male QWxi LV 60

(88571 TY25238, TY27008 and TY27151 were admmistrated by 1.v. bolus imjection and PK
samples were withdrawn at pre-dose (Oh), 0.25h, 1h, 8h, 24k, 48k, 72h, 96h and 168h post
dosing. Cytokine samples were withdrawn at pre~-dose (Ch}, 3h, 8h, 24h, 48k, 72h, 168h, 171h,

192h, 240h, and 336h post dosing. Serum was extracted at each time point and cytokine
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concentrations were analyzed by ELISA . Plasma was extracted at each time point and blood
concentrations were analyzed by ELISA to determine the PK parameters. For total drug
concentration testing, Goat anti-human IgG antibody Monkey ads {SouthernBiotech, Cat#2049-
01) was used to capture the drug from the plasma, followed by adding HRP-Goat anti-human
1gG (Fab specific) (Sigma, Cat#A0293) as secondary antibody. For active drug forms, antigen
(CD3 or HER2) proteins were used to capture the active drugs from the plasma, followed by
adding HRP-Goat anti-human Ig( (Fab specific) (Sigma, Cat#A0293} as secondary antibody.
[8858] All treatruents were well tolerated 1n monkeys except TY25238 at 0.2 mg/kg (animal
death following the first dose and remarkable cytokine release) and TY27008 at 10 mg/ke
(remarkable body weight loss and clinical signs).

[8859] Chiucal signs were mainly observed in most of the treatments, including decreased
activity and loose feces 11 TY25238 at 0.2 mg/kg, occasional loose feces n TY27151 at 10
mg/kg and TY27008 at 2 mg/kg, and loose feces, vomit, lethargy, loss of appetite in TY27008 at
10 mg/kg.

[686¢] Hematological changes were similar across treatment: depletion of lymphocytes and
merease in neutrophils; decreased in red cell mass with compensatory increase m reticulocytes
which were still present at the last measured timepoint. Changes 1o serum chemustry were also
simtlar across treatments: transient increases m ALT, AST, bilirabin, and CK levels.

[(861] As shown i FIG. 584, only Cmax was acquired as the amimal was found dead after the
1st dosing of parental TY25238. TY27008 exhibit higher drug exposure and faster clearance than
TY27151 which was manifested by higher Cmax and short T1/2 time {or higher CL),
respectively after the 1st dosing. After receiving the second repeated dose, similar exposure was
observed for TY27008 and TYZ27151, but the clearance of TY27151 was faster than TY27008
which may be caused by production of treatment induced anti-drug antibody (ADA) n TY27151
treated animal.

(88621 As shown in FIG. 35B, only active form can be detected in plasma of TY27008 treated
animal, and the active drug concentrations accumulated following time after both the 1st and 2nd
dosing. No active forms can be detected in plasma of TY27151 treated animal.

[8863] As shown m FIG, 55C, for the monkey administered with 0.2 mg/kg TY25238, all the
cytokines {IL.-6, IFN-r, ¥L-2 and TNF-a) were remarkably elevated at 3 h after TCE treatment

and with the monkey died around 6h post-dosing, most likely due to the acute cytokine release
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syndrome. Weak cyvtokine releases (<100 ng/mL) were detected in the monkey treated with 0.02

mg/mL TY25238 and the monkey was well tolerated at this dose level. For the double-masked

activatable antibody TY27151, no cytokine release was significantly detectable at low dose or

just minimal cytokine release was detected at higher doses (30 or 60 mg/mL). For the single-

masking activatable antibody, lower cytokine release could be detectable within 3-8 hours after

first and second doses at 2 and 10 mg/kg The monkey dosed with 10 mg/kg TY27008 showed

serious signs of toxicity after 2™ dose. TY27151 showed remarkably reduced cytokine release

than the parental antibody. ~100-fold lower I1-6 peak levels were observed in TY27151

administered animals at doses up to 60 mg/kg than parental antibody at 0.2 mg/kg. Other

cytokines including IL-2, TNF-a, also demonstrated much reduced levels. Monkey received a

single dose at 0.2 mg/kg of TY27151 parental TCE died 6h post-dose, whereas monkeys can

tolerate well to the masked TY27151 up to 60 mg/kg in this study.
[8864] A sumumary of PK data ts provided in Table 48 below.

Table 48, PK data in Cynomolgus Monkeys.

Dosage Subject | Cmax | C last | t1/22z | AUClast | AUCInf | CL Vss

0mg/ke | TY27008 | 43945 {3463 9243 | 14771.14 | 19389.06 | 515.75 | 57391.53
{Dayl} TY27151 | 263.07 | 47.63 121.41 | 1497730 | 2331994 | 428.82 | 69677.26
1omg/ke | TY27008 | 310.08 {4275 71.81 | 19473.86 | 23902.59 | 418.36 | 40415.42
{(Bay7) TY27151 | 309.83 {1227 3869 | 15013.14 | 15697.84 | 637.03 | 3416491

Example 14, CD3 signaling activation by anti-HER2x{D3 activatable/bispecific

antibodies.

[8865] HER2xCD3 activatable antibody/bispecific antibodies with or without MMP9 cleavage

and the corresponding parental antibodies were characterized in a luciferase-based CD3 reporter

assay examining activation of D3 signaling.

[0866] Jurkat/NFAT-Luc cells (1x10° cells/well), which contained a luciferase gene under the

control of the NFAT response element, were mixed with SK-OV-3 cells {2x10* cells/well) at the

E/T ratio of 5:1 in the presence of the test antibodies with serial dilutions. After incubation for

about S hours at 37°C and 5% CO2, ONE-GLO was added and the luminescence was measured

by a multiplate reader.
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(88677 As shown in FIG. 61, reference TACU2416, and activatable antibody’s cleaved forms
(TY27008-cleaved and TY27151-cleaved) showed very similar CD3 reporter gene activities,
compared to their parental antibody TY25238. However, the activatable antibody TY27008 and

TY27151 showed significant reduced CD3 activities.

Example 15, Anti-tumor efficacy of anti-HER2ZxCD3 bispecific antibedies.

[8868] Anti-tumor efficacy of HER2xCD?3 activatable antibody/bispecific antibodies was tested
in an i vive preclinical tumor model.

[8869] Immunodeficient M-NSG mice (n=7 per group, female, 8-9 weeks old) were transplanted
with $x10° PBMC through i.p. injection. Seven days later, the mice were inoculated
subcutaneously with 5x10° T35 cells, which are low HER2-expressing tumor cells. Treatment
began at Day 8 post tumor inoculation when the average tumor volume reached about 130 mm’.
The mice were administered with Vehicle, anti-HER2 xanti-CD3 bispecific parental antibody
TY25238 at 0.2 and 1 mg/kg, or anti-HER2xanti-CD3 bispecific single masked activatable
antibody TY27008 at 0.2, 1 and S mg/kg, or anti-HERZ2xanti-CD3 bispecific double masked
activatable antibody TY27151 at 0.4, 2 and 10 mg/kg, by i.p. injection. The mice were
admunistered these Abs twice per week for a total of six doses. Tumor growth was monitored
twice a week and reported as the mean tumor volume + s.em. over time.

[687¢] As shown m FIG. 62, all the tested antibodies showed strong anti-tumor effect at all dose
fevels.

[0871] Anti-tumor efficacy of HERZxCD3 activatable antibody/bispecific antibodies was
compared with other anti-HER2 antibodies in an in vive prechinical tumor model.

[8872] Immunodeficient M-NSG mice (n=7 per group, female, 8-9 weeks old) were transplanted
with 5x10° PBMC through i.p. injection. Seven days later, the mice were inoculated
subcutaneously with $x10° HTSS cells. Treatment began at Day 8 post tumor inoculation when
the average tumor volume reached about 83 mm’. The mice were administered with Vehicle,
anti-HER 2 xanti-CD3 bispecific double masked activatable antibody TY27151 at 0.025, 0.1 and
0.4 mg/kg, Trastuzumab or DS-8201 ADC at 0.4 mg/kg, by 7.p. injection. The mice were
admunistered these Abs twice per week for a total of six doses. Tumor growth was monitored

twice a week and reported as the mean tumor volume + s.em. over time.
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(88731 As shown mn FIG. 63, only TY27151 at 0.1 and 0.4 mg/kg doses showed strong anti-
tumor effect. TY27151 at lower dose level of 0.025 mg/kg, Trastuzumab or DS-8201 at 0.4
me/ke dose level, did not have significant antitumor efficacy.

188747 Anti-tumor efficacy of HERZxCD3 activatable antibody/bispecific antibodies was tested
m combination with anii-CD137 mAb in an in vivo preclinical tumor model.

[8875] CS7BL/6-hCID3E mice (=8 per group, fermale, 8-9 weeks old} were moculated
subcutaneously with 1x10° MC38-hHER2 cells. Treatment began at Day 5 post tunior
inoculation when the average tumor volume reached about 105 mm®. The mice were
adnunistered with Vehicle, anti-HER2 xanti-CD3 bispecific double masked activatable antibody
TY27151 at S mg/kg, anti-CD137 antibody AGI0131-mouse IgG2a mAb at S mg/kg, or
combination of TY27151 and antt-CD137 AG10131-mouse IgGZa by 7. p. injection. The mice
were admimstered these Abs twice per week for a total of four doses. Tumor growth was
monttored twice a week and reported as the mean tumor volume £ s e.m. over time. 61 days post
mitial tumor noculation, mice with complete tumor regression in the combination treatment
group {6/8) were rechallenged with MCU38-HER?2 tumor cells. Naive mice were also inoculated
with MC38-HERZ tumor cells at the same time as conirol.

[0876] As shown in FIG. 644, the anti-HER2 =anti-CD3 bispecific double masked activatable
antibody TY27151 showed strong synergistic anti-tumor effect with the anti-CD 137 mAb in this
model FIG. 64B indicated that the combmation treatment between the anti-HER2 xanti-CD3
bispecific double masked activatable antibody TY27151 and the anti-CD137 antibody
synergized to induce long-lasting anti-tumor memory responses even when the treatment was
stopped.

(88777 Anti-tumor efficacy of HER2xCD3 activatable antibody/bispecific antibodies was also
tested in combination with anti-PD-1 mAb in an in vive preclinical tumor model. The anti-PD-1
antibody 1s a control anti-human PD-1 19G4 antibody with cross-reactivity to mouse, monkey,
and human PD-1 comprising a heavy chain variable domain comprising the amino acid sequence
of

OVOLVQSGAEVEKPGS SVKVSCRASGE TR TTYY I SWVRGAPGQGLEY LGY INMGSGGTNYNEKFKGRVT I TADK
STSTAYMELSSLRSEDTAVYYCAIIGYFDYWGOGTMVIVSS {SEQ ID N(:708) and a light chain

variable domain comprising the amino acid sequence of
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DVVMIQSPLSLPVTLGOPASISCRESQSLLDSDGGETYLYWEQORPGOSPRRLIYLVETLGSGVPDRESGSGEGT

DFTLKISRVEAEDVGVYYCMOLTHWPY TFGOGTRKLETRR (SEQ 1D NO:709).

[8878] Immunodeficient M-NSG mice (n=7 per group, female, 8-9 weeks old) were transplanted
with 5x10° PBMC through i.p. injection. Seven days later, the mice were inoculated
subcutaneously with 2 10° SK-OV3 cells. Treatment began at Day § post tumor inoculation
when the average tumor volume reached about 70 mm®. The mice were administered with higG4
isotype control at S mg/ke, anti-HER2 xanti-CD3 double masked activated bispecific antibody
TY27151 at 0.2 mg/kg in combination with isotype ctrl at 5 mg/kg, anti-PD-1 mAb2ES5 at §
mg/kg, or TY27151 at 0.2 mg/kg in combination with 2ES at 5 mg/kg by i.p. injection. The mice
were administered these Abs twice per week for a total of five doses. Tumor growth was
monttored twice a week and reported as the mean tumor volume £ s.e.m. over time.

[6879] As shown in FIG. 65, the anti-HERZ <anti-CD3 double masked activated bispecific
antibody TY27151 showed strong synergistic anti-tumor effects with the anti-PD-1 mAb 2E5S in

this model.
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CLAIMS
What is claimed is:

1. A mualtispecific antibody comprising:
a) a first antigen-binding fragment that specifically binds CD3, wherein the first antigen-
binding fragment is fused to a first masking moiety (MM1); and
b) asecond antigen-binding fragment that specifically binds a target antigen;
wherein the MM 1 competes with CD3 to specifically bind the CD3-binding moiety; and
wherein the first antigen-binding fragiment fused to the MM hinds CD3 with half-
maximal binding at a concentration of antibody (ECso) that is at least 10 nM as
determived by an enzyme-linked irorounosorbent assay (ELISA).
2. The multispecific antibody of clair 1, wherein the first antigen-binding fragment binds
133 with a dissociation constant (Kd) of at least 100 nM.
3. The multispecific antibody of claim 1 or 2, wherein the MM 1 has a masking efficiency of
at least 50 as determined by a Jurkat NFAT reporter assay.
4. The muitispecific antibody of any one of claims 1-3, wherein the first antigen-binding
fragment is selected from the group consisting of a Fab, a Fv, a scFab and a scFv.
5. The multispecific antibody of any one of claims -4, wherein the multispecific antibody
is an activatable multispecific antibody.
6. The multispecific antibody of any one of claims -5, wherein the first antigen-binding
fragment is fused to the MM]1 via a first cleavable moiety (CM1),
wherein the CM1 comprises a first cleavage site;
wherein the MM 1 inhibits binding of the multispecific antibody to CD3 when the CM1 is
not cleaved; and
wherein the multispecific antibody binds CD3 via the first antigen-binding fragment with
higher affinity when the CM]1 is cleaved.
7. The multispecific antibody of any one of claims 1-6, wherein the first antigen-binding
fragment comprises a first immunoglobulin light chain variable domain (VL1) and a first
immunoglobulin heavy chain variable domain (VHI) of an anti-CD3 antibody, and wherein the

MM1 is fused to the N-terminus of the VL1 via the CM1.

326



WO 2022/171192 PCT/CN2022/076000

8. The multispecific antibody of claim 7, wherein the first antigen-binding fragmentis a
scFv comprising, from N-terminus to C-terminus, VL1, a linker, and VH1.
9. The multispecific antibody of claim 8, wherein the multispecific antibody corprises a
first polypeptide, a second polypeptide, and a third polypeptide, wherein:
(1} the first polypeptide comprises a structure represented by the formula:
VH2-CH1-hinge-CH2-first CH3 (la);
(i1) the second polypeptide comprises a structure represented by the formula:
MMI-CM1-VLI-VHI-hinge-CH2-second CH3 (1b); and
(ii1) the third polypeptide coraprises a structure represented by the formula:
VLZ-CL (1¢)y;
wherein:
CL is an immunoglobulin light chain constant domain;
CHI is an imyounoglobulin heavy chain constant domain 1)
CH2 is an immunoglobulin heavy chain constant domain 2;
first CH3 is a first immunoglobulin heavy chain constant dowmain 3;
second CH3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CH2 domains;
wherein the VL1 and the VHI associate to form a scFv that specifically binds CD3; and
wherein the VL2 and the VH2 associate to form a Fv that specifically binds the target
antigen.
10. The multispecific antibody of any one of claims [-4, wherein the multispecific antibody
does not comprise a cleavable linker.
it The multispecific antibody of any one of claims 1-4 and 10, wherein the first antigen-
binding fragment comprises a first immunoglobulin light chain variable domain (VL1) and a first
immunoglobulin heavy chain variable domain (VH1}) of an anti-CD3 antibody, and whergin the
MM is fused to the N-terminus of the VL1 via a first non-cleavable linker (NCL1).
12. The multispecific antibody of claim 11, wherein the first antigen-binding fragment is a
scFv comprising, from N-terminus to C-terminus, VL1, a linker, and VHI.
13. The multispecific antibody of claim 12, wherein the multispecific antibody comprises a
first polypeptide, a second polypeptide, and a third polypeptide, wherein:

(i) the first polypeptide comprises a structure represented by the fornmla:

[FR)
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VH2-CHI1-hinge-CH2-first CH3 (la);
(i1} the second polypeptide comprises a structure represented by the formula:
MM1-NCL1-VL1I-VHI-hinge-CHZ-second CH3 (1b); and
(it1) the third polypeptide comprises a structure represented by the formula:
VI12-CL (1c);
wherein:
CL is an immunoglobulin light chain constant domain;
CH1 15 an immunoglobulin heavy chain constant domain 1
CH2 is an imyounoglobulin heavy chain constant domain 2;
first CH3 is a first immunoglobulin heavy chain constant domain 3;
second CH3 18 a second irnmunoglobulin heavy chain constant domain 3;
hinge is an immunoglobulin hinge region connecting the CHI and CH2 domains;
wherein the VL1 and the VHI associate to form a scFv that specifically binds CD3; and
wherein the V1.2 and the VHZ associate to form a Fv that specifically binds the target
antigen.
14. The mudtispecific antibody of any one of claims 1-13, wherein the second antigen-
binding fragment comprises a second immumoglobulin ight chain variable domain (VL2)and a
second immunoglobulin heavy chain variable domain (VH2) of an antibody that specifically
binds the target antigen.
15. The multispecific antibody of claim 14, wherein the second antigen-binding fragment is
selected from the group consisting of a Fab, a Fv, a scFab and a scFv.
16. The multispecific antibody of claim 15, wherein the second antigen-binding fragment is
fused to a second masking moiety (MM?2) via a second cleavable moiety (CM2), wherein the
CM2 comprises a second cleavage site, wherein the MM?Z inhibits binding of the multispecific
antibody to the target antigen when the CM2 is not cleaved, and wherein the multispecific
antibody binds the target antigen via the second antigen-binding fragment when the CM2 is
cleaved.
17. The multispecific antibody of claim 16, wherein the MM2 is fused to the N-terminus of
the VL2 via the CM2.
18. The multispecific antibody of claim 16 or 17, wherein the multispecific antibody

comprises a first polypeptide, a second polypeptide, and a third polypeptide, wherein:
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(1) the first polypeptide comprises a structure represented by the formula:
VH2-CH1-hinge-CHZ-first CH3 (2a);
(i1) the second polypeptide comprises a structure represented by the formula:
MM1-VL1-VYHI-hinge-CHZ-second CH3 (2b): and
(ii1) the third polypeptide comprises a structure represented by the formula:
MM2-CMZ-VL2-CL (2c);
wherein:
CL is an immunoglobulin light chain constant domain;
CHI is an imyounoglobulin heavy chain constant domain 1
CH? 15 an immunoglobulin heavy chain constant domain 2;
first CH3 is a first immmunoglobulin heavy chain constant domain 3;
second CH3 is a second immunoglobulin heavy chain constant domain 3;
hinge is an imrounoglobulin hinge region connecting the CH1 and CH2 domaius;
wherein the V1.1 and the VHI associate to form a scFv that specifically binds CD3; and

wherein the VL2 and the VH2 associate to form a Fv that specifically binds the target

antigen.
19. The multispecific antibody of any one of claim 1-18§, wherein the CD3 is human CD3.
20. The roudtispecific antibody of claim 19, wheremn the first antigen-binding fragment 15

cross-reactive with a CD3 polypeptide from at least one non-human species selected from the
group consisting of cynomoigus monkey, mouse, rat and dog.
21. The multispecific antibody of any one of claims 1-20, wherein the first antigen-binding
fragment comprises a YH1 and a VL1 of an anti-CD3 antibody, and wherein:
a) the VHI1 comprises
a CDR-H1 comprising the aming acid sequence according to Formula (1) XiYAXX;
(SEQ ID NO: 3823, wherein X, 1 D, 5, or T, Xois L L, or M, and XaisNor T,
a CDR-H2 comprising the amino acid sequence according to Formula (11):
RIRSKYNNYATYYAX 1 XoVKX3 (SEQ ID NO: 383), wherein Xiis Dor E, Xz
18$SorT, and X518 D, G, or S, and
a CDR-H3 comprising the amino acid sequence according to Formula (3I):
HGNXGGXOSYVSXaXUAY (SEQ ID NO: 384), wherein X1 isFor Y, Xp is N or
T,X3isWorY,and Xyis ForW; and
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b) the VL1 comprises

a CDR-LI comprising the amino acid sequence according to Formula (JV):
XiSSTGAVTXOXGNY XN (SEQ ID NO: 385), wherein X1 is A, G, or R, X218 S
or T, X31sGor S, and X418 A, P,or V,

a CDR-LZ comprising the amino acid sequence according to Formula (V)
GTX(XHoRAP (SEQ ID NO: 386), wherein Xy is Kor N, and Xz is F or K, and

a CDR-L3 comprising the amino acid sequence according to Formula (VI
ALWYSX 2GWY (SEQ ID NO: 387), wherein X1 is D, N, or T, and Xs is L or R.

22. The multispecific antibody of any one of claims 1-21, wherein:
a) the VHI comprises

a CDR-HI comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 376, 390, 601, and 602, or a variant thereof coruprising up to about
3 amino acid substitutions,

a CDR-H2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 377, 391-394, and 603, or a variant thereof comprising up to about
3 amino acid substitutions, and

a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 378, 395, 604, and 605, or a variant thereof comprising up to about
3 amino acid substitutions; and

b) the VLI comprises

a CDR-L1 comprising an amino acid sequence selected from the group consisting of
SE( ID NOs: 396-398, and 606-609, or a variant thereof comprising up to about
3 amino acid substitutions,

a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 380 and 399, or a variant thereof comprising up to about 3 amino
acid substitutions, and

a CDR-L3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 381, 400-401, and 610, or a variant thereof comprising up to about
3 amino acid substitutions.

23. The multispecific antibody of claim 22, wherein:

a) the VHI comprises
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a CDR-HI comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 376 and 390, or a variant thereof comprising up to about 3 amino
acid substitutions,
a CDR-H2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 391-394, or a variant thereof comprising up to about 3 amino acid
substitutions, and
a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 378 and 3953, or a variant thereof comprising up to about 3 amino
acid substitations; and
b) the VLI comprises
a CDR-L1 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 396-398, or a variant thereof comprising up to about 3 amino acid
substitutions,
a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 380 and 399, or a variant thereof comprising up to about 3 amino
acid substitutions, and
a CDR-1L.3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 381, and 400-401, or a variant thereof comprising up to about 3
amino acid substitutions.
24. The multispecific antibody of any one of claims 21-23, wherein:
a) the YHI comprises
a CDR-H1 comprising the aming acid sequence of SE(} ID NO: 376,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 391, and
a CDR-H3 comprising the amino acid sequence of SE(} ID NO: 378; and
the VL1 comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396,
a CDR-1L.2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381,
b) the VH1 comprises
a CDR-H1 comprising the amino acid sequence of SE(Q 1D NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 392, and
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a CDR-H3 comprising the amino acid sequence of SE(} ID NO: 395; and
the VL1 comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 397,
a CDR-L2 comprising the amino acid sequence of SEQ} ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 400;
¢} the VHI comprises
a CDR-H1 comprising the amino acid sequence of SE(} ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 392, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and

-
=
¢

e VLI comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 396,
a CDR-L2 cornprising the amino acid sequence of SEQ 1D NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 401;
d) the VHI comprises
a CDR-HI comprising the amino acid sequence of SEQ 1D NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 393, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and
the VL1 comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID N(O: 397,
a CDR-L2 comprising the amino acid sequence of SEQ 1D NOG: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381,
e} the VHI1 comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 376,
a CDR-H2 comprising the amino acid sequence of SE(} ID NO: 393, and
a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 395; and
the VL1 comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 396,
a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 401;
f) the VHI comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 376,
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g

h)

i)

R

the

the

the

the

the

the

the

the

a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
VL1 comprises

a CDR-LI comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
a CDR-L3 comprising the amine acid sequence of SEQ 1D NO:
VHI comprises

a CDR-HI comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
V1.1 coraprises

a CDR-LI comprising the amino acid sequence of SEQ ID NO:
a CDR-LZ comprising the amino acid sequence of SEQ ID NO:
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:
VHI comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:
VL1 comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:
a CDR-1.2 comprising the amino acid sequence of SEQ ID N
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:
YHI1 comprises

a CDR-H1 comprising the amino acid sequence of SE(} ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SE(} ID NO:
VL1 comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:

VHI comprises
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393, and

395; and

397,
380, and
400;

376,
383, and

395; and

398,
399, and
400,

390,
394, and
395; and

397,
380, and
381

390,
391, and
395; and

396,
380, and
381,
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a CDR-H1 comprising the amino acid sequence of SE(} ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:

the VL1 comprises

k) the

the

1} the

the

m) the

the

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:

VHI comprises

a CDR-HI comprising the amino acid sequence of SEQ 1D NO; -

a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
VL1 comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-1L.3 comprising the amino acid sequence of SEQ ID NO:
VHI comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
VL1 comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:
VHI comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SE(} ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:
VL1 comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ ID NO:

a CDR-L3 comprising the amino acid sequence of SEQ ID NO:
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390,
394, and
385; and

396,
380, and

391, and

378; and

397,
380, and
4430,

390,
393, and
378; and

396,
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381;

390,
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378 and
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380, and
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n) the VHI comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ} ID NO: 391,
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 378; and
the VLI comprises
a CDR-LI comprising the amino acid sequence of SE(} ID NO: 397,
a CDR-LZ comprising the amino acid sequence of SEQ ID NO: 380, and

a CDR-L3 cornprising the amino acid sequence of SEQ 1D NO: 381,

N
Lh

The multispecific antibody of claim 24, wherein the VHI comprises
a CDR-HI1 comprising the amino acid sequence of SEQ 1D NO: 390,

a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 392, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and

the VL1 coraprises
a CDR-LI comprising the amino acid sequence of SEQ 1D NO: 397,

a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and

a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 400.

26. The multispecific antibody of claim 24, wherein the VHI comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NG: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 394, and
a CDR-H3 comprising the amino acid sequence of SEQ ID NOG: 395; and
the VL1 comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 397,
a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381.

27. The multispecific antibody of any one of claims 1-26, wherein the first antigen-binding

fragment comprises a VH1 and a VL1, and wherein:

a} the VHI comprises the amino acid sequence according to Formuia (VII):
EVQLVESGGGLY X PGGSLRLSCAASGFTFXOX Y AIXsWYVRQAPGKGLEW VXRY
RSKYNNYATYYAXSVEGRFTISRDXSKNTLYLOXNSLRAEDTAVYYCX 10RH
GNX i GXpSYVSWEFAYWGQGTLVTVSS (SEQ ID NQO: 388), wherein X; is K or Q,
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XoisNor§, XsisSor T, XuisHor N, XsisGor 8, Xgis DorE, X5is Dor G, Xgis D

orN, XoisTorL, XppisAor V, XypisFor Y, XipisNor T; and

b} the VLI comprises the amino acid sequence according to Formula (VIII):
KIAVYTQEPSLTVSPGGTVTLTCXSSTGAVTTISNY 2GNWXQOQKPGQAPRGLIGG
TXsXRAPGXGPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSXsXoWVYFGG
GTKLTVL (SEQ ID NO: 389), wherein X1 isEor Q, Xois A, G, P,or R, Xais Aor P,
XpisForV, XsisKorN, XsisFor K, Xpis A, LT, or V, X318 A, D, N, or T, and X5 is

HorlL.

28. The maltispecific antibody of claim 27, wherein the VHI comprises an amino acid

sequence selected from the group consisting of SEQ 1D NGs: 67, 402, 405, 407, 409, 410, 412,

414-416, and 611-640, or a variant thereof having at least about 80% sequence identity to an

amino acid sequence selected from the group consisting of SEQ 1D NOs:

67, 402, 405, 407, 409,

410, 412, 414-416, and 611-640; and the VL1 comprises an amino acid sequence selected from

the group consisting of SEQ ID NOs: 6§, 403, 404, 406, 408, 411, 413, and 641-666, or a variant

thereof having at least about 80% sequence identity to an amino acid sequence selected from the

group consisting of SEQ ID NOs: 68, 403, 404, 406, 408, 411, 413, and 641-666.

29. The multispecific antibody of claim 27, wherein the VHI comprises an amino acid

sequence selected from the group consisting of SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412,

414, 415, and 416; and the VL1 comprises an amino acid sequence selected from the group

consisting of SEQ 1D NOs: 68, 403, 404, 406, 408, 411, and 413.

30. The multispecific antibody of any one of claims 27-29, wherein:

a) the VHI comprises the amino acid sequence of SEQ ID NO: 402,

the amino acid sequence of SEQ ID NG 403,

b} the VHI comprises the amino acid sequence of SEQ ID NGO: 402,

the aming acid sequence of SEQ 1D NO: 404;

c) the VHI comprises the amine acid sequence of SEQ ID NGO: 405,

the amino acid sequence of SEQ ID NO: 406,

d) the VHI comprises the amino acid sequence of SEQ ID NO: 407,

the amino acid sequence of SEQ 1D NO: 404;

¢} the VHI comprises the amino acid sequence of SEQ ID NO: 407,

the amino acid sequence of SEQ 1D NO: 403;
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f) the VHI comprises the amineo acid sequence of SEQ ID NGt 407, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 40§;
gy the VHI comprises the amino acid sequence of SEQ ID NO: 409, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 408;
h) the VHI comprises the amino acid seqguence of SEQ ID NO: 410, and the VL1 comprises
the amino acid sequence of SEQ ID NO: 411
1) the VHI comprises the amino acid sequence of SEQ ID NO: 412, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 413;
i) the VHI comprises the amino acid sequence of SEQ ID NO: 410, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 413;
k) the VHI comprises the amino acid sequence of SEQ 1D NO: 414, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 403;
1) the VHI comprises the amino acid sequence of SEQ ID NO: 4135, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 413;
my the VHI comprises the amino acid sequence of SEQ 1D NO: 416, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 413; or
1) the VHI comprises the amino acid sequence of SEQ 1D NO: 416, and the VL1 comprises
the amino acid sequence of SEQ 1D NO: 411.
31 The multispecific antibody of claim 30, wherein the VHI comprises the aming acid
sequence of SEQ ID NO: 402, and the VL1 comprises the amino acid sequence of SEQ 1D NO:
403.
32. The multispecific antibody of claim 30, wherein the VHI1 comprises the amino acid
sequence of SEQ 1D NO: 410, and the VL1 comprises the amino acid sequence of SEQ ID NO:
411.
33. The multispecific antibody of any one of ciaims 28-32, wherein the first antigen-binding
fragment comprises the amino acid sequence of SEQ ID NO: 421 or SEQ ID NO: 422,
34. The multispecific antibody of any one of claims 1-33, whergin the MM1 comprises:
a) the amino acid sequence of EVGSY (SEQ ID NO: 667) at the N-terminus of the MM1; or
b) an amino acid sequence according to Formula (IX): PYDDPDCPSHX(SDCDXL (SEQ ID
NG: 668), wherein Xy is D or E, and X is N or (.

5]
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35. The multispecific antibody of claim 34, wherein the MM comprises an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 35, 417, and 597-399.
36. The multispecific antibody of claim 35, wherein the MM1 comprises the amino acid
sequence of SEQ 1D NO: 417.
37. The multispecific antibody of any one of claims 6-9 and 14-36, wherein the CM1
comprises an amino acid sequence selected from the group consisting of SEQ 1D NOs: 77, 127-
129, 418, 420, 431 and 477-490, and 516-355,
38. The roultispecific antibody of claim 37, wherein the CM1 comprises the amino acid
sequence of SEQ 1D NG: 77 or 4138.
39. The moultispecific antibody of any one of claims 1-38, wherein the target antigen is a
mor antigen.
40. The moultispecific antibody of claim 3%, wherein the tomor antigen is selected from the
group consisting of CD19, CD20, EpCAM, CEA, PSMA, CD33, EGFR, HER2, EphAZ, MCSP,
ADAMI7, PSCA, 17-A1, NKG2D, TROP2, CD79B, Nectin-4, BCMA, CD22, CD3§, EGFR,
GD2, SLAMFEF7, CD30, EpCAM, MUCHE, MUC16, CDI23,CD37, FOLRE, MET, FLT3, GPC3,
CEACAMS, CLDNI18, CSF1, Integrin alpha 53, NCAMI1, PTPRC, CD138§, NaPi2h, MSLN,
DLL3, GPRCSD, GPNMB, ICAMI, SSTR2, carcinoma associated antigen CTAALG, CA9Y,
ENG, ACVRLI, CD8&0, CSPG4, EGFL7, FLT1, HAVCRI, HGF, HLA-DRB, IGFIR, TPBG,
ERBB3, and STEAP2.
41. The mutftispecific antibody of claim 40, wherein the target antigen is HERZ2.
42. The multispecific antibody of claim 41, wherein the second antigen-binding fragment
comprises a VH2 and a VL2 of an anti-HERZ antibody, and wherein:
the VH2 comprises

a CDR-H1 comprising the amino acid seguence of SE(Q ID NO: 423,

a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 424, and

a CDR-H3 comprising the amino acid seguence of SE(Q ID NO: 71; and

the VL2 comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 72,

a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 73, and

a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 74.
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43. The multispecific antibody of claim 42, wherein the VH2 comprises the amino acid
sequence of SEQ 1D NO: 75, and the VL2 comprises the amino acid sequence of SE(} ID NO:
76.
44. The multispecific antibody of any one of claims 41-43, wherein:
a) the MMZ comprises an amino acid sequence according to Formula (X1}
ESXI2CCXKEXUDPEFXCQXs (SEQ 1D NO: 670), wherein Xsis Dor E, Xo s A F, V,or Y, Xa 18
DorE, XsisAorL, XsisDorE andXs s A F orY;
by  the MM2 comprises an amino acid sequence according to Formula (XII):
KXo XKaK XK CXXeDPYECK X 0 (SEQ ID NO: 671), wheremn Xy 15 A H or 5, X0 18A, D, or
8§ XA T oV XesPE S,oal XssDoaE XAV, XsDorE, XgisAork, Xois Q,
S,or T,and Xjois A, H, or V; or
c) the MM2 comprises an amino acid sequence according to Formula (X1}
YNSDDDCXGSXYDPYTCYY (SEQID NG 672), wherem X1 s A, LorV,and X, s Hor R
45. The multispecific antibody of any one of claims 41-44, wherein the MM2 comprises an
amino acid sequence selected from the group consisting of SEQ ID NOs: 36, 419, 432-476 and
491-515.
46. The multispecific antibody of claim 435, wherein the MM2 comprises the amino acid
sequence of SEQ ID NO: 419.
47. The multispecific antibody of any one of claims 41-46, wherein the CM2 comprises an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 77, 127-129, 418, 420,
431, 477-490, and 516-555.
48. The multispecific antibody of claim 47, wherein the CM2 comprises the amino acid
sequence of SEQ 1D NO: 77 or 420.
49, The multispecific antibody of any one of claims 41-4&, comprising:
a) a first polypeptide comprising an amino acid sequence having at least 90% sequence

identity with SEQ ID NO: 425,

a second polypeptide comprising an aminc acid sequence having at least 90% sequence

identity with SEQ ID NQ: 426, and

a third polypeptide comprising an amino acid sequence having at least 90% sequence

identity with SEQ ID NO: 112;
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b}

d)

e)

f)

-4

h)

a first polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NOG: 427,

a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 428, and

a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NG: 112;

a first polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ 1D NG: 429,

a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ 1D NG: 430, and

a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 115;

a first polypeptide coroprising an amino acid sequence having at least 90% sequence
identity with SEQ 1D NO: &3,

a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 84, and

a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID N(O: §5;

a first polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 683,

a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 684, and

a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 685;

a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 425,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 426, and

a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 112;

a first polypeptide comprising the amino acid sequence of SEQ 1D NQO: 427,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 428, and

a third polypeptide comprising the amino acid sequence of SEQ ID NO: 112;

a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 429,
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i)

ik

k)

m)

n}

o)

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 430, and

a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 115;

a first polypeptide comprising the amino acid sequence of SE(Q 1D NO: 83,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 84, and

a third polypeptide comprising the amino acid sequence of SEQ ID NO: 85;

a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 683,

a second polypeptide comprising the amino acid sequence of SEQ ID NO: 684, and

a third polypeptide comprising the arnino acid sequence of SEQ 1D NO: 685;

a first polypeptide coraprising the amino acid sequence of SEQ 1D NO: 425 without the
C-terminal lysine,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 426 without
the C-terminal lysine, and

a third polypeptide comprising the amino acid sequence of SEQ ID NO: 1125

a first polypeptide comprising the amino acid sequence of SEQ ID NO: 427 without the
C-terrainal lysine,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 428 without
the C-terminal ysine, and

a third polypeptide comprising the amino acid sequence of SEQ ID NO: 112;

a first polypeptide comprising the amino acid sequence of SEQ ID NO: 429 without the
C-terminal iysine,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 430 without
the C-terminal fysine, and

a third polypeptide comprising the amino acid sequence of SE(Q 1 NO: 115;

a first polypeptide comprising the amino acid sequence of SE(} ID NO: §3,

a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 84 without the
C-terminal iysine, and

a third polypeptide comprising the amino acid sequence of SEQ 12 NO: 85 without the
C-terminal lysine; or

a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 683,

a second polypeptide comprising the amino acid sequence of SEQ ID NO: 684 without

the C-terminal lysine, and
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a third polypeptide comprising the amino acid sequence of SEQ ID N(O: 685 without the

C-terminal lysine.

A

0. The multispecific antibody of claim 40, wherein the target antigen is CDZ0.
51, The multispecific antibody of claim 50, wherein the second antigen-binding fragment
comprises a VH2 and a VL2 of an anti-CD20 antibody, and wherein:
a) the VH2 comprises
a CDR-H1 comprising the amino acid sequence of SE(} ID NO: 536,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 557, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO; 538; and
the VL2 comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 559,
a CDR-L2 cornprising the amino acid sequence of SEQ ID NO: 560, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 561; or
b) the VH2 comprises
a CDR-HI comprising the amino acid sequence of SEQ ID NO: 86,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 557, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 538; and
the VL2 comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID N(O: 559,
a CDR-L2 comprising the amino acid sequence of SEQ 1D NOG: 560, and
a CDR-1.3 comprising the amino acid sequence of SEQ ID N(O: 561.
52. The multispecific antibody of claim 51, wherein the VHZ2 comprises the amino acid
sequence of SEQ 1D NO: 562, and the VL2 comprises the amino acid sequence of SEQ ID NO:
563.
53. The multispecific antibody of any one of claims 50-52, comprising:
a} a first polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 564,
a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 363, and
a third polypeptide comprising an amino acid sequence having at least 90% sequence

identity with SEQ ID NG: 567;
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b} a first polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 564,
a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 565, and
a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 569;
¢) a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 564,
a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 565, and
a third polypeptide comprising the amino acid sequence of SEQ ID NO: 567;
d) a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 564,
a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 363, and
a third polypeptide comprising the amino acid sequence of SEQ D NO: 569;
e} a first polypeptide coraprising the amino acid sequence of SEQ 1D NO: 564,
a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 565 without
the C-terminal lysine, and
a third polypeptide comprising the amino acid sequence of SEQ ID NO: 567 without the
C-terruinal lysine;
f) a first polypeptide comprising the amino acid sequence of SEQ ID NO: 564,
a second polypeptide comprising the amino acid sequence of SEQ ID NO: 565 without
the C-terminal lysine, and
a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 569 without the
C-terminal lysine.
54, The multispecific antibody of any one of claims 1-53, wherein the mmultispecific antibody
comprises an Fc region.
55. The multispecific antibody of claim 54, wherein the Fec region is of the human IgG1
subclass.
56. The multispecific antibody of claim 55, wherein the Fc region is of the human IgG4
subclass.
57. The multispecific antibody of any one of claims 54-56, wherein the Fc region has
reduced or no antibody-dependent cell cytotoxicity (ADCC) effect and/or reduced or no cross-

linking effects.
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The multispecific antibody of any one of claims 1-57, wherein the multispecific antibody

comprises a first CH3 domain and a second CH3 domain, wherein:

i)

i)

the first CH3 domain comprises a cysteine {C) residue at position 390 and the second
(CH3 domain comprises a cysteine residue at position 400, or the first CH3 domain
comprises a cysteine residue at position 400 and the second CH3 domain comprises a
cysteine residue at position 3990; or

the first CH3 domain comprises a cysteine residue at position 392 and the second CH3
domain comprises a cysteine tesidue at position 397, or the first CH3 domaio coroprises a
cysteine residue at position 397 and the second CH3 domain comprises a cysteine residue
at position 392; or

the first CH3 domain comprises a cysteine residue at position 392 and the second CH3
domain comprises a cysteine tesidue at position 400, or the first CH3 domaio coroprises a
cysteine residue at position 400 and the second CH3 domain comprises a cysteine residue

at position 392; and

wherein the amino acid residue nurabering is based on EU murobering.

iif)

The multispecific antibody of claim 38, wherein:

the first CH3 domain further comprises a positively charged residue at position 357 and
the second CH3 domain further comprises a negatively charged residue at position 351,
or the first CH3 domain further comprises a negatively charged residue at position 351
and the second CH3 domain further comprises a positively charged residue at position
357 or

the first CH3 domain further comprises a positively charged residue at position 411 and
the second CH3 domain further comprises a negatively charged residue at position 370,
or the first CH3 domain further comprises a negatively charged residue at position 370
and the second CH3 domain further comprises a positively charged residue at position
411; or

the first CH3 domain further comprises a positively charged residue at position 364 and
the second CH3 domain further comprises a negatively charged residue at position 370,
or the first CH3 domain further comprises a negatively charged residue at position 370
and the second CH3 domain further comprises a positively charged residue at position

364; or
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a combination of i} and i), or a combination of 1) and iit); and
wherein the amino acid residue numbering is based on EU numbering.
60. The multispecific antibody of claim 59, wherein the first CH3 domain comprises D356K,
H357K, S364K and S400C substitutions and the second CH3 domain comprises L351D, K370D,
N390C and K439D substitutions, or the first CH3 domain comprises L3510, K370D, N390C
and K439D substitutions and the second CH3 domain comprises D336K, E357K, S364K and
S400C substitutions.
61. The multispecific antibody of any one of claims 1-60, wherein the multispecific antibody
i3 a hispecific antibody.
62. An isolated antibody or antigen-binding fragment thereof that specifically binds CD3,
comprisiog:
a) a VH comprising
a CDR-HI comprising ao argino acid sequence according to Formula (I X1YAX2X3
(SEQ ID NOG: 382}, wherein Xy 1s D, 5, o T, Xois L L, or M, and X3 is N or T,
a CDR-HZ comprising an arvinoe acid sequence according to Formula (2I):
RIRSKYNNYATYYAX XoVEKX: (SEQ ID NO: 383), wherein XsisDor B, X2 is
SorT,and X3is D, G, or §, and
a CDR-H3 comprising an amino acid sequence according to Formmuda (111}
HONXGXOSYVSXaXKuAY (SEQ ID NO: 384), wherein X isFor Y, XpisNor T,
Xzis WorY, and X4 is For W; and
b) a VL comprising
a CDR-L1 comprising an amino acid sequence according to Formmula (IV):
MSSTGAVTXXGNY XN (SEQ ID NO: 385), wherein X1 s A, G, or R, X0 is S or
T, X3isGor S, and X4is A, P,or vV,
a CDR-L2Z comprising an amino acid sequence according to Formula (V):
GTXXRAP (SEQ ID NO: 386), wherein X1 is Kor N, and Xz is F or K, and
a CDR-L3 comprising an amino acid sequence according to Formula (VI):
ALWYSX XoWV (SEQ ID NG: 387), wherein X is D, N, or T, and Xois Lor R.
63. The isolated antibody or antigen-binding fragment thereof of claim 62, wherein:

a}y the VH comprises
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a CDR-HI comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 376, 390, 601, and 602, or a variant thereof comprising up to about
3 amino acid substitutions,
a CDR-H2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 377, 391-394, and 603, or a variant thereof comprising up to about
3 amino acid substitutions, and
a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 378, 395, 604, and 605, or a variant thereof coruprising up to about
3 arnino acid substitutions; and
b) the VL comprises
a CDR-L1 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 396-398, and 606-609, or a variant thereof cornprising up to about
3 amino acid substitutions,
a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 380 and 399, or a variant thereof comprising up to about 3 amino
actd substitutions, and
a CDR-1L.3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 381, 400-401, or a variant thereof comprising up to about 3 aminoe
acid substitutions, and 610.
64. The isolated antibody or antigen-binding fragment thereof of claim 62, wherein:
a) the VH comprises
a CDR-H1 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 376 and 390,
a CDR-H2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 391-394, and
a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 378 and 395; and
b} the VL comprises
a CDR-L1 comprising an amino acid sequence selected from the group consisting of

SEQ ID NOs: 396-398,
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a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 380 and 399, and
a CDR-L3 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 381, and 400-401.
65. The isolated antibody or antigen-binding fragment thereof of any one of claims 62-64,
wherein:
a} the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 376,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 391, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 378; and
the VL comprises
a CDR-LI comprising the amino acid sequence of SEQ 1D NO: 396,
a CDR-LZ comprising the amino acid sequence of SEQ 1D NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NQO: 381;
b) the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 392, and
a CDR-H3 comprising the amino acid sequence of SEQ ID N(O: 395; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NG: 397,
a CDR-1.2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 400;
¢) the VH comprises
a CDR-H1 comprising the aming acid sequence of SE(} ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 392, and
a CDR-H3 comprising the amino acid sequence of SE(} ID NO: 395; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 394,
a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 401;
d) the VH comprises
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a CDR-H1 comprising the amino acid sequence of SE(} ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:
VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SE(Q} ID NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: -
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

e VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-1L.3 comprising the amino acid sequence of SEQ ID NO:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

V1L comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID N(O:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SE(} ID NO:

a CDR-H3 comprising the amino acid sequence of SEQ ID NO:

V1L comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:

a CDR-L3 comprising the amino acid sequence of SEQ ID NO:
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h)

i)

k)

the

the

the

the

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SE(} ID NO: 3¢
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

VL comprises

a CDR-LI comprising the amino acid sequence of SEQ ID NO: ¢

a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 cornprising the anuno acid sequence of SEQ ID NOG:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

V1. comprises
a CDR-LI comprising the amino acid sequence of SEQ 1D NO:
a CDR-L2 comprising the amino acid sequence of SEQ ID NO:

a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:

the VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:

the VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:

the VH comprises

a CDR-H1 comprising the amino acid sequence of SE(} ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SE(Q ID NO:

the VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:

a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
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a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 40(;
1) the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ} ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 393, and
a CDR-H3 comprising the amino acid sequence of SE(} ID NO: 37§; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 396,
a CDR-L2 cornprising the amino acid sequence of SEQ 1D NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381,
m) the VH comprises
a CDR-HI comprising the amino acid sequence of SEQ ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 391, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 378; and
the VL. comprises
a CDR-LI comprising the amino acid sequence of SEQ ID NO: 396,
a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-1L3 comprising the amino acid sequence of SEQ ID NO: 381; or
n) the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 351, and
a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 378; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 397,
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381.
66. The isolated antibody or antigen-binding fragment thereof of claim 65, wherein:
the VH comprises
a CDR-H1 comprising the amino acid sequence of SE(Q ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 392, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and

the VL comprises
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a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 397,
a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400.

67. The isolated antibody or antigen-binding fragment thereof of claim 65, wherein:
the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 394, and
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 395; and
the VL comprises
a CDR-LI cornprising the amino acid sequence of SEQ 1D NO: 397,
a CDR-1LZ comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381,
68. The isolated antibody or antigen-bindiog fragroent thereof of any one of clairos 62-67,
wherein:

69.

a) the VH comprises an argino acid sequence according to Formula (VI

EVQLVESGGGLVXPGGSLRLSCAASGFTFX X3 YADUUWVRQAPGKGLEWVYX
sRIRSKYNNYATYYAXSVEXRFTISRDXSKNTLYLOQXNSLRAEDTAVYYC

XioRHGNX GXpSYVSWFRFAYWGQGTLVYTVSS (8EQ 1D NO: 388), wherein X is
KorQ,XsisNorS, XsisSorT,XsisHor N, Xsis Gor S, XsisDorE, X7is Dor

G, XgisDorN, XoislorL, XppisAorV, XyyisForY, XpisNorT; and

by the VL comprises an amino acid sequence according to Formula (VI

XIAVVTQEPSLTVSPGGTVTLTCXSSTCAVTTSNY XaNWX4QQKPGQAPRGLI
GOGTXsXeRAPGX/PARFSGSLLGGKAALTLSGAQPEDEAEY YCALWYSXgX oW
VFGGGTKLTVL (SEQ ID NO: 389), wherein X1 is Eor 3, Xais A, G, P,or R, X5 is
AorP, XsisForV, Xsis Ko N, XgisForK, Xsis A, LT, or V, Xgis A, D, N, or
T, and Xo is Hor L.

The isolated antibody or antigen-binding fragment thereof of any one of claims 62-68,

wherein the VH comprises an amino acid sequence selected from the group consisting of SEQ

1D NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640, or a variant thereof having at

ieast about 80% sequence identity to an amino acid sequence selected from the group consisting

of SEQ ID NOs: 67, 402, 405, 407, 409, 410, 412, 414-416, and 611-640; and the VL comprises
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an amino acid sequence selected from the group consisting of SEQ ID NQOs: 68, 403, 404, 406,
408, 411, 413, and 641-666, or a variant thereof having at least about 80% sequence identity to
an amino acid sequence selected frorm the group consisting of SEQ ID NOs: 68, 403, 404, 406,
408, 411, 413, and 641-6696.
70. The isolated antibody or antigen-binding fragment thereof of any one of claims 62-68,
wherein the VH comprises an amino acid sequence selected from the group consisting of SEQ
1D NGs: 402, 405, 407, 409, 410, 412, 414, 415, and 416; and the VL comprises an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 403, 404, 406, 408, 411, and 413.
1. The isolated antibody or antigen-bindiog fragroent thereof of any one of clairus 62-70,
wherein;
a) the VH comprises the amino acid sequence of SEQ 1D NO: 402, and the VL. comprises
the amino acid sequence of SEQ 1D NG: 403;
by the VH comprises the amino acid sequence of SEQ 1D NO: 402, and the VL comprises
the amino acid sequence of SEQ 1D NO: 404
¢) the VH comprises the amino acid sequence of SEQ 1D NO: 403, and the VL comprises
the amino acid sequence of SEQ 1D NO: 406;
d) the VH comprises the amino acid sequence of SEQ 1D NO: 407, and the VL comprises
the amino acid sequence of SEQ 1D NO: 404;
e} the VH comprises the amino acid sequence of SEQ 1D NO: 407, and the VL comprises
the amino acid sequence of SEQ 1D NO: 403;
f} the VH comprises the amino acid sequence of SEQ 1D NO: 407, and the VL comprises
the amino acid sequence of SEQ 1D NOG: 408;
the VH comprises the amino acid sequence of SEQ 1D NO: 409, and the VL comprises

the amino acid sequence of SEQ 1D NQO: 408;

o2
pons

h) the VH comprises the amino acid sequence of SEQ) 1D NG: 410, and the VL comprises
the amino acid sequence of SEQ 1D NO: 411;

i) the VH comprises the amino acid sequence of SEQ 1D NO: 412, and the VL comprises
the amino acid sequence of SEQ 1D NO: 413;

i} the VH comprises the amino acid sequence of SEQ ID NO: 410, and the VL comprises
the amino acid sequence of SEQ 1D NO: 413;

)
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k) the VH comprises the amino acid sequence of SEQ ID NO: 414, and the VL comprises
the amino acid sequence of SEQ 1D NO: 403;

1) the VH comprises the amino acid sequence of SEQ ID NO: 413, and the VL comprises
the amino acid sequence of SEQ 1D NO: 413;

m) the VH comprises the amino acid sequence of SEQ ID NO: 416, and the VL comprises
the amino acid sequence of SEQ ID NO: 413; or

n} the VH comprises the amino acid sequence of SEQ ID NO: 416, and the VL comprises
the amino acid sequence of SEQ ID NO; 41 1.

72. The isolated antibody or antigen-binding fragroent thereof of claim 71, wherein the VH

comprises the amino acid sequence of SEQ 1D NO: 402, and the VL comprises the amino acid

sequence of SEQ 1D NO; 403.

73. The isolated antibody or antigen-binding fragment thereof of claim 71, wherein the VH

comprises the amino acid sequence of SEQ ID NO: 410, and the VL comprises the amino acid

sequence of SEQ ID NO: 411,

74. The isolated antibody or antigen-binding fragrment thereof of any one of clairs 62-73,

further comprising a secound antigen-binding fragment that specifically binds a target antigen.

75. The isolated antibody or antigen-binding fragment thereof of claim 74, wherein the target

antigen is a tumor antigen.

76. The isolated antibody or antigen-binding fragroent thereof of claim 75, wherein the tmor

antigen is HER2, CD20, TROP2, BCMA, or CD19.

77. A masked antibody, comprising a masking motety (MM) and an antibody or antigen-binding
fragment that binds CD3, wherein the antibody or antigen-binding fragment comprises a VH
and a VL
wherein the masked antibody comprises a single polypeptide chain and the VH and the VL of
the antibody or antigen-binding fragment are part of the single polypeptide chain, or the
masked antibody comprises two polypeptide chains, and the VH and the VL of the antibody
or antigen-binding fragment are part of different polypeptide chains of the masked antibody;
wherein the C-terminus of the MM is fused to the N-terminus of the VH or the VL of the
antibody or antigen-binding fragment;
wherein the MM competes with CD3 to specifically bind the antibody or antigen-binding

fragment; and
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wherein the antibody or antigen-binding fragment binds CD3 with half-maximal binding at a
concentration of antibody (ECse) that is at least 10 oM as determined by an enzyme-linked
immunosorbent assay (ELISA).
78. The masked antibody of claim 77, wherein the MM comprises:
a) the amino acid sequence of EVGSY (SEQ ID NO: 667) at the N-terminus of the MM,
or
b} an amino acid sequence according to Formula (IX}: PYDDPDCPSHXGSDCDX: (SEQ
I NO: 668), wherein Xy s Dor E, and X5 is Nor Q.

79. The masked antibody of claim 78, wherein the MM comprises an amino acid sequence
selected froro the group consisting of SEQ 1D NOs: 35, 417, and 597-599.
80. The masked antibody of claim 79, wherein the MM comprises the amino acid sequence

of SEQ ID NO: 417,

81. A masked antibody coroprising a masking moiety (MM) and an antibody or astigen-binding
fragment that binds CD3, wherein the antibody or antigen-binding fragment comprises a VH
and a VL
wherein the mwasked antibody comprises a single polypeptide chain and the VH and the VL of
the antibody or antigen-binding fragment are part of the single polypeptide chain, or the
masked antibody comprises two polypeptide chains, and the VH and the VL of the antibody
or antigen-binding fragment are part of different polypeptide chains of the masked antibody;
wherein the C-terminus of the MM is fused to the N-terminus of the VH or the VL of the
antibody or antigen-binding fragment;

wherein the MM competes with CD3 to specifically bind the antibody or antigen-binding

fragment; and

wherein the MM comprises:

a) the amino acid sequence of EVGSY (SEQ ID NO: 667) at the N-terminus of the MM;
b} an amino acid sequence according to Formula (IX): PYDDPDCPSHXSDUDX: (SEQ
ID NO: 668), wherein X1 1s Dor B, and Xz is Nor ; or
¢} an amino acid sequence according to Formula (X}

XXX DX X CHe XD KXo X 10U K11 Xz (SEQ ID NGO: 669), wherein Xy is Aor D, X 18
ADoPXsD HoaPXyisFoPXssDoPXeisDorPXrisAor P Xsis D, N,
Or PG isSAN o P XpisD HoS, XysHPoVY andXpisN.PorY
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82. The masked antibody of claim 81, wherein the MM comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 35, 417, 585-588, and 5%7-599.
83. The masked antibody of any one of claims 77-82, wherein the antibody or antigen-
binding fragment comprises an anti-CD3 antigen-binding fragment selected from the group
consisting of a Fab, a Fv, a scFab and a scFv.
&4. The masked antibody of claim 83, wherein the antibody or antigen-binding fragment is a
scFv comprising from the N-terminus to the C-terminus, the V1, a linker and the VH.
85. The masked antibody of any one of claims 77-84, wherein the masked antibody
cornprises an amino acid linker between the C-terminus of the MM and the N-termainus of the
VH or the VL of the antibody or antigen-binding fragment.
86. The masked antibody of any one of clairos 77-85, wherein the masked antibody further
comprises a cleavable linker.
87. The masked antibody of claim 86, wherein the cleavable linker is between the C-terminus
of the MM and the N-terminus of the VH or the VL of the antibody or antigen-binding fragment.
88, The masked antibody of any one of claims 77-85, wherein the masked antibody does not
comprise a cleavable linker.
§9. The masked antibody of any one of claims 77-88, wherein the MM comprises an amino
acid sequence selected from the group consisting of SEQ ID NQOs: 35, 417, and 597-599, and
wherein:

a) the VH comprises

a CDR-HI comprising an amino acid sequence according to Formula (I): XiYAX2X;
(SEQ ID NO: 382), wherein X118 D, S, or T, X0 is L L, or M, and XsisNor T,

a CDR-H2 comprising an amine acid sequence according to Formula (1)
RIRSKYNNYATYYAX X2 VKX3 (8EQ I NO: 383), wherein X1is D or E, X2
isSorT,and X5is D, G, or §, and

a CDR-H3 comprising an amino acid sequence according to Formula (HI):
HGNXGGXoSYVSXGX4AY (SEQ ID NG: 3843, wherein XyisFor Y, Xz is N or
T, X3isWorY,and Xgis For W, and

b) the VL comprises

(o
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a CDR-L1 comprising an amino acid sequence according to Formula (IV):
XKiSSTGAVTX X GNY XN (SEQ ID NO: 385), wherein X1 is A, G, or R, Xp 18 8§
orT,X3isGor S, and X4is A, P,or V,

a CDR-L2 comprising an amino acid sequence according to Formula (V)
GTX2GRAP (SEQ 1D NO: 386), wherein Xy is K or N, and X7 is For K, and

a CDR-L3 comprising an amino acid sequence according to Formula (VI
ALWYSX KXWV (SEQ 1D NO: 387), wherein X is D, N,or T, and X2 is L or R.

90. The masked antibody of claim §9, wherein:
a) the VHI comprises

a CDR-H1 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 376, 390, 601, and 602, or a variant thereof comprising up to about
3 amino acid substitutions,

a CDR-H2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 377, 391-394, and 603, or a variant thereof comprising up to about
3 amino acid substitutions, and

a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 378, 395, 604, and 6035, or a variant thereof comprising up to about
3 amino acid substitutions; and

by the VL1 comprises

a CDR-L1 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 396-398, and 606-609, or a variaut thereof comprising up to about
3 amino acid substitutions,

a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SE(Q ID NOs: 380 and 399, or a variant thereof comprising up to about 3 amino
acid substitutions, and

a CDR-L3 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 381, 400-401, and 610, or a variant thereof comprising up to about
3 amino acid substitutions.

91. The masked antibody of claim 90, wherein:

a}y the VH comprises
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a CDR-HI comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 376 and 390,
a CDR-H2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 391-394, and
a CDR-H3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 378 and 395; and
b} the VL comprises
a CDR-LI comprising an armnino acid sequence selected from the group consisting of
SEQ 1D NOs: 396-398,
a CDR-L2 comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 380 and 399, and
a CDR-L3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 381, and 400-401.
92. The masked antibody of claim 91, wherein:
a) the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 376,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 391, and
a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 378; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NG: 396,
a CDR-1.2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 381;
by the VH comprises
a CDR-H1 comprising the aming acid sequence of SE(} ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 392, and
a CDR-H3 comprising the amino acid sequence of SE(} ID NO: 395; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 397,
a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 400,

¢) the VH comprises
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d)

)

)

the

the

the

the

the

the

the

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:
VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:
VH comprises

a CDR-HI comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-1L.3 comprising the amino acid sequence of SEQ ID NO:
VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
V1L comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:
VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SE(} ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:
V1L comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:

o
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)

h)

i)

the VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:

a CDR-H2 comprising the amino acid sequence of SE() ID NO: 3¢

a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

the VL comprises

a CDR-LI comprising the amino acid sequence of SEQ 1D NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:

a CDR-L3 comprising the amino acid sequence of SEQ ID NO:

the VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:

a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

the VL comprises

a CDR-LI comprising the amino acid sequence of SEQ 1D NO:
a CDR-L2 comprising the amino acid sequence of SEQ ID NO:

a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:

the VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ ID NO:

the VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-1L2 comprising the amino acid sequence of SEQ ID NO:
a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:

the VH comprises

a CDR-H1 comprising the amino acid sequence of SE(} ID NO:

a CDR-H2 comprising the amino acid sequence of SEQ ID NO:

a CDR-H3 comprising the amine acid sequence of SEQ ID NO:

the VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:

a CDR-L2 comprising the amino acid sequence of SEQ ID NO:
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k) the

the

the

m) the

the
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a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid seguence of SE() ID NO:

VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L2 corprising the amino acid sequence of SEQ ID NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:
¢ VH comprises

a CDR-HI comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

VL comprises

a CDR-LI comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amino acid sequence of SEQ ID NO:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:

a CDR-H3 comprising the amino acid sequence of SEQ ID NO:

VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
a CDR-L3 comprising the amine acid sequence of SEQ ID NO:

VH comprises

a CDR-H1 comprising the amino acid sequence of SEQ ID NO:
a CDR-H2 comprising the amino acid sequence of SE( ID NO:
a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:

VL comprises

a CDR-L1 comprising the amino acid sequence of SEQ ID NO:
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a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 381.
93. The masked antibody of claim 92, wherein:
the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ} ID NO: 390,
a CDR-H2Z comprising the amino acid sequence of SEQ 1D NO: 392, and
a CDR-H3 comprising the amino acid sequence of SE(} ID NO: 395; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 397,
a CDR-L2 cornprising the amino acid sequence of SEQ 1D NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 400.
94, The masked antibody of claim 92, wherein:
the VH comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 390,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 394, and
a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 395; and
the VL comprises
a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 397,
a CDR-1.2 comprising the amino acid sequence of SEQ ID NO: 380, and
a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 381.
95. The masked antibody of any one of claims 77-94, wherein:

a} the VH comprises an amino acid seguence according to Formula (VI
EVQLVESGGGLVX(PGGSLRLSCAASGFTEX XY AIXAWVRQAPGKGLEWVX
sSRIRSKYNNYATYYAXsSVEXRFTISRDXeSKNTLYLQXoNSLRAEDTAVYYC
X1oRHONXuGX pSYVSWFAYWGQGTLVTVSS (SEQ ID NO: 388}, wherein X is
Kor(, X isNaor§, XaisSorT, XeisHorN, XsisGor 8, XeisDorE, Xsis Dor
G, XgisDorN, XoisTorL, XpoisAorV, XnisFor Y, Xizis NorT; and

b} the VL comprises an amino acid sequence according to Formula (VIII):
XiAVYTQEPSLTVSPGGTVTLTCXKSSTGAVTTSNY 2GNW X QQKPGQAPRGLI
GOTXXsRAPGXPARFSGSLLGGKAALTLSGAQPEDEABYYCALWYSXXoW
VFGGGTKLTVL (SEQ ID NO: 389), wherein Xpis Eor (3, Xpis A, G, P, or R, X3 is
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AorP, XsisForV, XsisKorN, XsisFor K, X7is AL T,orV, Xgis A, D, N, or

T, and Xo is Hor L.
96. The masked antibody of claim 95, wherein the VHI1 comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs; 67, 402, 405, 407, 409, 410, 412, 414-416,
and 611-640, or a variant thereof having at least about 80% sequence identity to an amino acid
sequence selected from the group consisting of SEQ ID NGs: 67, 402, 405, 407, 409, 410, 412,
414-416, and 611-640; and the VLI comprises an amino acid sequence selected from the group
consisting of SEQ ID NOs: 68, 403, 404, 4006, 408, 411, 413, and 641-666, or a variant thereof
having at least about 80% sequence identity to an amino acid sequence selected from the group

consisting of SEQ ID NOs: 68, 403, 404, 406, 408, 411, 413, and 641-666.

97. The masked antibody of claim 95, wherein the VH comprises an anino acid sequence
selected from the group cousisting of SEQ 1D NOs: 402, 408, 407, 409, 410, 412, 414, 415, and

416; and the VL comprises an amino acid sequence selected from the group consisting of SEQ
1D NOs: 403, 404, 406, 408, 411, and 413.
98. The masked antibody of claim 97, wherein the antibody or antigen-binding fragment
comprises:
wherein:
a) the VH comprises the amino acid sequence of SEQ ID NO: 402, and the VL comprises
the amino acid sequence of SEQ ID NO: 403;
by the VH comprises the amino acid sequence of SEQ ID NO: 402, and the VL comprises
the amino acid sequence of SEQ ID NO: 404,
¢y the VH comprises the amino acid sequence of SEQ ID NO: 4035, and the VL comprises
the amino acid sequence of SEQ ID NG: 406;
d) the VH comprises the amino acid sequence of SEQ ID NO: 407, and the VL comprises
the aming acid sequence of SEQ 1D NO: 404;
e) the VH comprises the amino acid sequence of SEQ ID NO: 407, and the VL comprises
the amino acid sequence of SEQ ID NG: 403,
f) the VH comprises the amino acid sequence of SEQ ID NO: 407, and the VL comprises
the amino acid sequence of SEQ 1D NO: 408;
gy the VH comprises the amino acid sequence of SEQ ID NO: 409, and the VL comprises
the amino acid sequence of SEQ 1D NO: 40§;
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hy the VH comprises the amino acid sequence of SEQ ID NO: 410, and the VL comprises
the amino acid sequence of SEQ ID NO: 411,
1) the VH comprises the amino acid sequence of SEQ ID NO: 412, and the VL comprises
the amino acid sequence of SEQ ID NO: 413;
i) the VH comprises the amino acid sequence of SEQ ID NO: 410, and the VL comprises
the amino acid sequence of SEQ ID NO: 413;
k) the VH comprises the amino acid sequence of SEQ ID NG: 414, and the VL comprises
the amino acid sequence of SEQ 1D NO: 403;
1) the VH comprises the amino acid sequence of SEQ 1D NO: 413, and the VL comprises
the amino acid sequence of SEQ 1D NO: 413;
o) the VH comprises the amino acid sequence of SEQ 1D NO: 416, and the VL comprises
the amino acid sequence of SEQ 1D NO; 413; or
n} the VH comprises the amino acid sequence of SEQ 1D NO: 416, and the VL comprises
the amino acid sequence of SEQ 1D NO: 411.
99. The masked antibody of claim 98, wherein the VH comprises the amino acid sequence of
SEQ ID NO: 402, and the VL. comprises the amino acid sequence of SEQ 1D NO: 403.
100.  The masked antibody of claim 98, wherein the VH comprises the amino acid sequence of
SEQ ID NO: 410, and the VL comprises the aming acid sequence of SEQ 1D NG: 411,
101.  The masked antibody of any one of claims 77-100, wherein the antibody or antigen-
binding fragment comprises the amino acid sequence of SEQ ID NG: 421 or SEQ ID NG: 422,
102.  The masked antibody of any one of claims 77-101, wherein the MM comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 585-588, and wherein the VH
comprising 2 CDR-H1 comprising the amino acid seguence of SEQ ID NO: 368, a CDR-HZ2
comprising the amino acid sequence of SEQ 1D NO: 369, and a2 CDR-H3 comprising the amino
acid sequence of SEQ ID NO: 370; and the VL comprising a CDR-L1 comprising the amino acid
sequence of SEQ ID NO: 371, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:
372, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 373,
103.  The masked antibody of claim 102, wherein the VH comprising the amino acid sequence

of SEQ ID NO: 366, and the VL comprising the amino acid sequence of SEQ ID NO: 367.
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104.  The masked antibody of any one of claims 77-103, comprising, from N-terminus to C-
terminus, the masking moiety (MM), a cleavable moiety (CM), and the antibody or antigen-
binding fragment,

wherein the CM comprises a cleavage site;

wherein the MM inhibits binding of the masked antibody to CD3 when the CM is not

cleaved; and

wherein the masked antibody binds CP3 via the VH and the VL when the CM is cleaved.

105, The masked antibody of claim 104, wherein the CM comprises an amino acid sequence

selected from the group consisting of SEQ ID NOs: 77, 127-129, 418, 420, 431 and 477-490, and

516-555.

106.  The masked antibody of claim 105, wherein the CM comprises the arnino acid sequence

of SEQ ID NO: 77 or 418,

107.  The masked antibody of any one of claims 77-103, comprising, from N-terminus to C-

terminus, the roasking moiety (MM), a non-cleavable linker (NCL.), and the antibody or antigen-

binding fragment.

108. A masked antibody, comprising a masking moiety (MM) and an antibody or antigen-
binding fragment that binds HERZ2, wherein the antibody or antigen-binding fragment
comprises a VH and a VL;
wherein the masked antibody comprises a single polypeptide chain and the VH and the VL of
the antibody or antigen-binding fragment are part of the single polypeptide chain, or the
masked antibody comprises two polypeptide chains, and the VH and the VL of the antibody
or antigen-binding fragment are part of different polypeptide chains of the masked antibody:
wherein the C-terminus of the MM is fused to the N-terminus of the VH or the VL of the
antibody or antigen-binding fragment;

wherein the MM competes with HERZ2 to specifically bind the antibody or antigen-binding

fragment; and

wherein the masked antibody binds HER?2 via the VH and VL, and wherein the MM comprises:
a) an amino acid sequence according to Formula (XI): ESX1X0CXXuDPFXsCOXs (SEQ ID

NO:670), wherein XiisDorE, Xo s A F, V,or Y, XaisDor E, Xsis AorL, XsisDor
E,and Xsis A, F,or Y;
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b} an amino acid sequence according to Formula (XII): X1 XoXaXuXsXsCX7XsDPYECXoX 10
(SEQ ID NO: 671), wherein Xsis A, H, or 5, X0 is A, D, or S, Xais A, T,or V, X4 is P,
S,or T, XsisDorE, XsisAorV, Xsis DorE, Xgis AorL, Xois Q, 5, or T, and Xjo is
A H orV;or
¢} an amino acid sequence according to Formula (1) YNSDDDCX(SXYDPYTCYY

(SEQ ID NO: 672), wherein Xiis A, L or V, and Xo is H or R,

109.  The masked antibody of claim 108, comprising, from N-terminus to C-terminus, the

masking moiety (MM), a cleavable moiety (CM), and the antibody or antigen-binding fragment,

wherein the CM coroprises a cleavage site; wherein the MM inhibits binding of the masked

antibody to HER2 when the CM is not cleaved; and wherein the roasked antibody binds HER2

via the VH and VL when the CM is cleaved.

110.  The masked antibody of claim 108 or claim 109, wherein the MM comprises an amino

acid sequence selected from the group consisting of SEQ 1D NOs: 36, 419, 432-476, and 491-

515,

111, The masked antibody of claim 108 or claim 109, wherein the CM corprises an amino

acid sequence selected from the group consisting of SEQ ID NOs: 77, 127-129, 418, 420, 431

and 477-490, and 516-555.

112, The masked antibody of any one of claims 108-111, wherein the VH comprises a CDR-

HI comprising the amino acid sequence of SEQ 1D NO: 423, a CBR-H2 comprising the amino

acid sequence of SEQ ID NO: 424, and a CDR-H3 comprising the amino acid sequence of SEQ

ID NOG: 71, and the VL comprises a CDR-L1 comprising the amino acid sequence of SEQ ID

NO: 72, a CDR-L2 comyprising the amino acid sequence of SEQ 1D NO: 73, and a CDR-L3

comprising the amino acid sequence of SEQ ID NO: 74.

113. The masked antibody of any one of claims 108-112, wherein the VH comprises the

amino acid sequence of SEQ ID NO: 75, and the VL comprises the amino acid sequence of SEQ

1D NG: 76.

114.  The masked antibody of any one of claims 108-113, wherein the masked antibody

comprises an amino acid linker between the C-terminus of the MM and the N-terminus of the

VH or the VL of the antibody or antigen-binding fragment.

115, The masked antibody of any one of claims 108-114, wherein the masked antibody further

comprises a cleavable linker.
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116.  The masked antibody of claim 115, wherein the cleavable linker is between the C-
terminus of the MM and the N-terminus of the VH or the VL of the antibody or antigen-binding
fragment.
117.  The masked antibody of any one of claims 108-114, wherein the masked antibody does
not comprise a cleavable linker.
118.  One or more isolated nucleic acids encoding the multispecific antibody, 1solated antibody
or antigen-binding fragment thereof, or masked antibody of any one of claims 1-117.
119, A vector comprising the one or more nucleic acids of claim 118,
120. A host cell comprising the one or more nucleic acids of claim 118 or the vector of claim
119.
121. A method for preparing a multispecific antibody, an isolated antibody or antigen-binding
fragment thereof, or a masked antibody, comprising:

a) culturing the host cell of claim 120 under conditions that allow expression of the one or

more nucleic acids or vector; and
b}y recovering the multispecific antibody, the antibody or antigen-binding fragment thereof,
or the masked antibody from the host cell culnure.

122. A pharmaceutical composition comprising the multispecific antibody, 1solated antibody
or antigen-binding fragment thereof, or masked antibody of any one of claims 1-117, and a
pharmaceutically acceptable carrier.
123. A method for treating a disease or condition in a subject in need thereof, comprising
administering to the subject an effective amount of the pharmaceutical composition of claim 122.
124.  The method of claim 123, wherein the disease or condition is cancer.
125.  The method of claim 124, wherein the target antigen is HERZ, and wherein the cancer is
selected from the group consisting of breast cancer, ovarian cancer, and hung cancer.
126.  The method of claim 124, wherein the target antigen is CD20, and wherein the cancer is
lvimphoma or leukemia.
127.  The method of claim 124, wherein the target antigen is TROP2, and wherein the cancer is
breast cancer or lymphoma.
128. The method of any one of claims 123-127, wherein the pharmaceutical composition is

administered such that the multispecific antibody, isolated antibody or antigen-binding fragment
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thereof, or masked antibody 1s provided to the subject at a dose of 0.02mg/kg, 0.2mg/kg,
2Zmg/kg, 10mg/ke, 30me/kg, or 60my/ke.
129,  The method of claim 128, wherein the multispecific antibody, isolated antibody or
antigen-binding fragment thereof, or masked antibody comprises:
a) a first polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NOG: 427,
a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ 1D NO: 428, and
a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NG: 112;
b} a first polypeptide coroprising an amnino acid sequence having at least 90% sequence
identity with SEQ 1D NG: 83,
a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 84, and
a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 85;
¢} a first polypeptide corprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 683,
a second polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ 1D NO: 684, and
a third polypeptide comprising an amino acid sequence having at least 90% sequence
identity with SEQ ID NO: 685,
d) a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 427,
a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 428, and
a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 112;
e) a first polypeptide comprising the amino acid sequence of SEQ 1D NO: &3,
a second polypeptide comprising the amino acid sequence of SEQ ID NO: 84, and
a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 85;
f) a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 683,
a second polypeptide comprising the amino acid sequence of SEQ ID NO: 684, and

a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 685;
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a first polypeptide comprising the amino acid sequence of SE(} ID NO: 427 without the

)

C-terminal lysine,
a second polypeptide comprising the amino acid sequence of SEQ ID NO: 428 without
the C-terminal lysine, and
a third polypeptide comprising the amino acid sequence of SEQ ID NO: 112;
h) a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 83,
a second polypeptide comprising the amino acid sequence of SEQ ID NO: 84 without the
C-terminal lysine, and
a third polypeptide comprising the amino acid sequence of SEQ 1D NO: 85 without the
C-terminal lysine; or
i) a first polypeptide comprising the amino acid sequence of SEQ ID NO: 683,
a second polypeptide comprising the amino acid sequence of SEQ 1D NO: 684 without
the C-terminal lysine, and
a third polypeptide comprising the amino acid sequence of SEQ ID NO: 685 without the
C-terrainal lysine.
130, The method of any one of claims 123-129, further comprising administering to the
subject an anti-PD-1 or anti-PD-1.1 antibody.
131, The method of any one of claims 123-129, further comprising administering to the
subject a CD137 agonist or antibody.
132, The method of claim 131, wherein the CD137 agonist or antibody comprises a heavy
chain variable region and a light chain variable region, wherein the heavy chain variable region
comprises a CDR-HI comprising the amino acid sequence of TGGYGVG (SEQ 1 NG:700), a
CDR-HZ comprising the amine acid sequence of LIDWADDKYYSPSLKS (8EQ 1D NO:701),
and a CDR-H3 comprising the amino acid sequence of GGSDTVIGDWFAY (SEQ ID NO702);
and wherein the light chain variable region comprises a CDR-L1 comprising the amino acid
sequence of RASQSIGSYLA (SEQ ID N(G:703), a CDR-L2 comprising the aming acid sequence
of DASNLET (SEQ ID NG:704), and a CDR-L3 comprising the amino acid sequence of
QOGYYLWT (SEQ 1D NO:705),
133, The method of claim 132, wherein the heavy chain variable region of the CD137 agonist

or antibody comprises the amino acid sequence of SEQ ID NO:706, and wherein the light chain
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variable region of the CD 137 agonist or antibody comprises the amino acid sequence of SEQ 1D
NO:707.

134, The method of claim 132 or claim 133, wherein the heavy chain of the CD137 agonist or
antibody comprises the amino acid sequence of SEQ ID N(O:710, and wherein the light chain of

the CD 137 agonist or antibody comprises the amino acid sequence of SEQ ID NO:711.
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