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HETERODIMERIC PROTEINS WITH FC MUTATIONS

CROSS REFERENCE TO RELATED APPLICATIONS
{0001 ] This application claims the priority benefit of Intemational Application No.
PCT/CN2020/073960, filed on Jamuary 23, 2020, which is incorporated herein by reference in is

entirety.

FIELD OF THE INVENTION
{6002] The present application relates to heterodimeric proteins (such as hispecific antibodies}

and activatable antibodies, methods of preparation, and methods of use thereof.

REFERENCE TO SEQUENCE LISTING
[0003] The content of the following submission on ASCH text file is incorporated herein by
reference in 1is entirety: a computer readable form (CRF) of the Sequence Listing (file name:

695402001041SEQLIST xt, date recorded: January 21, 2020, size: 656 KB).

BACKGROUND OF THE INVENTION
{60641 Multispectfic antibodies can simulianeously bind multiple different antigens. This
property enables the development of therapeutic strategies that are not possible with conventional
monocional antibodies. One format of multispecific antibodies are heterodimeric proteins. e.g.,
antibodies made up of separate chains that bind different antigens. Such heterodimeric,
multispecific antibodies can only target multiple antigens correctly when assembled with the right
complement of monomer coraponents. Therefore, there exists a need in the art for multispecific
antibodies that heterodimerize in a specific and stable manner.
[B005] An activatable antibody exhibits an "activatable” conformation such that an antigen-
binding moiety contained therein is less accessible to bind (o its target when uncleaved than after
cleavage in the presence of one or more specific proteases. Activatable antibodies thus provide
antigen-specific binding proteins that are only capable of binding their targets in certain contexis
{e.g., m the prolease-~rich tumor microenvironment). Bispecific T cell engagers are bispecific
antibodies (BiTE) that are capable of binding to both T cells and target cells such as turoor cells.
Because of their on-target off-tumor effects, BiTE molecules are associated with high cytotoxicity,
inchding toxicity to the central nervous system (CNS) and cytokine storm. There is a need for

activatable BiTE molecules with enhanced specificity and reduced side effects.
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[8006] All references cited herein, including patent applications, patent publications, non-
patent Hiterature, and UniProtKB/Swiss-Prot/GenBank Accession mumbers are herein incorporated
by reference in their entivety, as if each individual reference were specifically and individually

mdicated o be incorporated by reference.

BRIEF SUMMARY OF THE INVENTION
{6007] The present application provides heterodimeric proteins comprising CH3 domains
having engineered residues that form disulfide bonds and/or salt bridges. Also provided are
activatable antibodies targeting CD3 and/or HERZ.
[B008] Accordingly, one aspect of the present application provides a heterodimeric protein
comprising a first polypeptide comprising a first immunoglobulin heavy chain constant domain 3
(CH3 domain) and a second polvpeptide comprising a second CH3 domain, wherein: 1} the first
{’H3 domain comprises a cysteine {{) 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 390; or i) 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 posiiion 392; or 1) the
first CH3 domain comprises a ¢ysteine 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 cvsteine residue at position 392; and
wherein the amano acid residue numbering is based on EU numbering. In some embodiments, 1) the
first CH3 domain comprises N390C substitution and the second CH3 domain conmprises 5400
substitution, or the first CH3 domain comprises $400C substitution and the second CH3 domain
comprises N390C substitution; or it} the first CH3 domain 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 1i1) the first CH3
domain comprises K392C substitition and the second CH3 domain comprises 8400C substitution,
or the first CH3 domain comprises S400C substitution and the second CH3 domain comprises
K392C substitution.
[3009] In some embodiments according to any one of the heterodimeric proteins describec

above, 1) the first CH3 domain further comprises a positively charged residue at position 357 and
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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 vesidue at position 357; or 1) 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 1) 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 1) and 11), or a combination of 1) and ni), and wheremn
the amino 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 position 439, or first CH3 domain turther
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 mumbering. In some embodiments, 1) the positively charged residue is a
lysime (K) residue, and the negatively charged residue is an aspartic acid (D) residue; or i) the
positively charged residue is a lysineg (K residug, and the negatively charged residue is a glutamic
acid (F) residue; or iii) the positively charged residue is an arginine {R) residue, and the negatively
charged residus is an aspartic acid (D) residue; or iv) the positively charged residue is an arginine
(R residue, and the negatively charged residue is a glutamic acid (E) residue. In some
embodiments, 1} 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
£.351D and K370D substitutions and the second CH3 domain comprises E357K and T411K
substitutions; or i1} 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 E3537K and 8364K
substitutions; or 1t} the first CH3 domain comprises D336K, E357K and $364K substitutions and
the second CH3 domain comprises £.351D0, K370D and K439D substitutions, or the first CH3
domain comprises L3510, K370D and K439D substitutions and the second CH3 domain

comprises D356K, BE357K and S364K substitutions.
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[0010] In some embodiments according to any one of the heterodimeric proteins described
above, 1) the first CH3 domain further comprises K392D and K409 substitutions and the second
CH3 domain further comprises D356K, and D399K substitutions, or the first CH3 domain further
comprises 356K and D399K substitutions and the second CH3 domain further comprises K392D
and K409D substitutions; or 1) the first CH3 domain further comprises L3680 and K3708
substitutions and the second CH3 domain further comprises E357Q and 364K substitutions, or the
first CH3 domain further comprises E337Q and S364K substitutions and the second CH3 domain
further comprises L3680 and K3708 substitutions; or 111} 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 L368FE substitutions and the
second CH3 domain further comprises L351K and T366K substitutions; or (iv} the first CH3
domain further comprises P395K, P396K and V397K substitutions and the second CH3 domain
comprises T394D, P395D and P396D substitations, or the first CH3 domain further comprises
T39473, P395D and P396D substitutions and the second CH3 domain further comprises P395K,
P396K and V397K substitutions; or {v) the first CH3 domain further comprises F405E, Y407E and
K409EF substitutions and the second CH3 domain comprises FA405K and Y407K substitutions, or
the first CH3 domain further comprises F405K and Y407K substitutions and the second CH3
domain further comprises F405E, Y407E and K409E substitutions.

{80%1] In some embodiments according to any one of the heterodimeric proteins described
above, i} the first CH3 domain comprises E357K, 8364K and N390C substitutions and the second
CH3 domain comprises L3510, K370D, and S400C substitutions, or the first CH3 domain
comprises L3510, K370D, and 5400C substitutions and the second CH3 domain comprises
E357K, 8364K and N390C substitutions; or 11} the first CH3 domain comprises E357K, 5364K and
S5400C substitutions and the second CH3 domain comprises L351D, K370D, and N390C
substitutions, or the first CH3 domain comprises L3510, K370D, and N390C substitutions and the
second CH3 domain comprises E357K, 8364K and S400C substitutions; or 11} the first CH3
domain comprises D356K, BE357K, 8364K and S400C substitutions and the second UH3 domain
comprises L3510, K370D, N390C and K439D substitations, or the first CH3 domain comprises
L3S1ID, K370D, N390C and K439D substitutions and the second CH3 domain comprises D356K,
B357K, 8364K and S400C substitutions; or iv) the first CH3 domain comprises D356K, E3357K,
8364K and N390C substitutions and the second CH3 domain comprises L3510, K370D, K439D
and 8400C substitutions, or the first CH3 domain comprises L351D, K370D, K4391 and S400C
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substitutions and the second CH3 domain comprises D356K, F357K, $364K and N390C
substitutions.

[6032] In some embodiments according to any one of the heterodimeric proteins described
above, the first CH3 domain and the second CH3 domain further comprise knob-1nto-hole residues.
In some embodiments, 1} the first CH3 domain comprises T3368, L368A and Y407V substitiions
and the second CH3 domain comprises T366W substitution, or the first CH3 domain comprises
T366W substitution and the second CH3 domain comprises T3368, L368A and Y407V
substitutions; or ii) the first CH3 domain comprises L368VY and Y407V substititions and the
second CH3 domain comprises T366W substitution, or the first CH3 domain comprises T366W
substitution and the second CH3 domain comprises L368V and Y407V substitutions.

[0013] Another aspect of the present application provides a heterodimeric protein corprising a
first polvpeptide comprising a first CH3 domain and a second polypeptide comprising a second
CH3 domaim, wherein: 1) the {irst CH3 domain comprises a positively charged residue at position
357 and the second CH3 domain 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; or 1) the first CH3 domain
comprises a positively charged residue at position 411 and the second CH3 domain comprises a
negatively charged residue at position 370, or the first CH3 domain comprises a negativelv charged
residue at posttion 370 and the second CH3 domain comprises a positively charged residue at
position 411; or 111} 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; and wherein the amino acid residue
numbering is based on EU numbenng. In some embodiments, the first CH3 domain cormprises a
positively charged residue at position 356 and the second CH3 domain comprises a negatively
charged residue at position 439, or first CH3 domain comprises a negatively charged residue at
position 439 and the second CH3 domain comprises a posiiively charged residue at position 356,
and wherein the amino acid restdue numbering 15 based on EU numbering. In some embodiments,
1} the positively charged residue is a lvsine {K) residue, and the negatively charged residue 1s an
aspartic acid (D) residue; or 11) the positively charged residue is a lysine (K} residue, and the
negatively charged residue 15 a glulamic acid {(E) residue; or 1it) the positively charged residue is an

arginine (R) residue, and the negatively charged residue is an aspartic acid (D) residue; or iv) the
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positively charged residue is an arginine (R} residue, and the negatively charged residue is a
ghutamic acid {E) residue. In some embodiments, 1} the first CH3 domain comprises E357K and
T411K subsiitutions and the second CH3 domain comprises L351D and K3700 substitutions, or
the first CH3 domain comprises L3510 and K370D substitutions and the second {'H3 domain
comprises E357K and T411K substitutions: or i) the first CH3 domain comprises E357K and
S364K substitutions and the second CH3 domain comprises L351D and K370D substitutions, or
the first CH3 domain comprises £351D and K370 substitutions and the second CH3 domain
comprises E357K and S364K substitutions; or 11} the first CH3 domain comprises D336K, E357K
and S364K substitutions and the second CH3 domain comprises L3510, K370D and K439D
substitutions, or the first CH3 domain comprises L3510, K370D and K439D substitutions and the
second CH3 domain comprises D35S6K, E357K and 8364K substitutions.

[8014] In some embodiments according to any one of the heterodimeric proteins described
above, 1) the first CH3 domain further comprises K392C substituiion 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; or 1) the first CH3
domain further comprises Y394C substitution and the second CH3 domain further comprises
8354C substitution, or the first CH3 domain further comprises S354C substitution and the second
CH3 domain further comprises Y394C substitution; or ui1} the first CH3 domaim further comprises
D356 substitution and the second CH3 domain further comprises Y349C substitution, or the first
{CH3 domain further comprises Y349C substitution and the second CH3 domain further comprises
D356C substitution.

[B01X] In some embodiments according to any one of the heterodimeric proteins described
above, the first CH3 domain and the second CH3 domain are human CH3 domains.

[6016] In some embodiments according to any one of the heterodimenc proteins described
above, the first polypeptide and the second polvpeptide each comprises from the N-terminus to the
C-terminus at least a portion of an inununoglobulin hinge region, an immunoglobulin heavy chain
constant domain 2 (CH2 domain), and the CH3 domain. In some embodiments, the CH2 domains
and the CH3 domains form an 1gG Fe region. In some embodiments, the Fe region is of the human
1gGl subclass. In some embodiments, the Fe region 1s of the human 1g(G4 subclass. In some
embodiments, the Fc region further comprises S228P substitution. In some embodiments, the F¢

region further comprises N297 A substitution.
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[0017] In some embodiments according to any one of the heterodimeric proteins described
above, the first polypeptide and the second polypeptide are antibody heavy chains. In some
embodiments, the heterodimeric protein {urther comprises the heterodimeric protein further
comprises one or more antibody light chains. In some embodiments, the heterodimeric protein is a
multispectfic antibody.
[8018] In some embodiments according to any one of the heterodimeric proteins described
above, the heterodimeric protein further comprises a third polypeptide and a fourth polvpeptide,
wherein:

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

HI-CH-linge-CH2-first CH3-L1-scFvi (Ta);
(11) the second polypeptide comprises a structure represented by the formula:
VH2-CHI1-hinge-CH2-second CH3-L2-scFv2 (1ia);
(111} the third polypeptide comprises a structure represented by the formula:
VLI-CL (Ib); and
(iv}) the fourth polypeptide comprises a structure represented by the formula;
VL2-CL {iib);

wherein VL1 18 a first immunoglobulin light chain varable domain; VHI is a first immunoglobulin
heavy chain variable domain; VL2 is a second omunoglobulin light chain vaniable domain; VHZ 15
a second imununoglobulin heavy chain variable domain; scFvl is a first single-chain variable
fragment; scFv2 is a second single-chain variable fragment; CL 15 an immunoglobulin light chain
constant domain; CH1 s an immunoglobulin heavy chain constant domain 1, CHZ2 is an
immunoglobulin heavy chain constant domain 2; hinge is an imnwmoglobulin hinge region
connecting the CH1 and CH2 domains; and L1 and 1.2 15 each independently a bond or a peptide
linker, wherein VL1 and VHI associate to form a first Fyv that specifically binds to a first target;
wherein VL2 and VH2 associate to form a second Fv that specifically binds to a second target;
wheretn scFv1 specifically binds to a third target; and wherein scFvZ specifically binds to a fourth
target. In some embodiments, scFvi and scFv2 are identical. In some embodiments, the first Fv and
the second Fv are identical. In some embodiments, the first Fv and the second Fv are different. In
some ernbodiments, the first Fv specifically binds PDL1, the second Fv specifically binds CD 137,
and scFvl and scFv2 specifically hind CTLA-4. In some embodiments, scFvl and/orscFv2
comprises from the N-termunus to the C-terminus; VH-L-VL, wherein L 15 a peptide linker. In some

embodiments, scFvl and/or scFv2 comprises a first cysteine residue at position 44 inthe VH and a
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second cysteine residue at position 100 in the VL, wherein the first cysteine residue and the second
cysteine residue form a disulfide bond. In some embodiments, L1 and/or L2 is a peptide linker
comprising the amino acid sequence of SEQ 1D NG: 80 or SEQ ID NO: 81, In some embodiments,
VL1 and VL2 are identical. In some embodiments, VL1 and VL2 are different.
[8019] In some embodiments according to any one of the heterodimeric proteins described
above, the heterodimeric prolein comprises a first polypeptide, a second polypeptide and a third
polypeptide, wherein:

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

VH-CH1-hinge-CH2-first CH3 (Iifa):
(11} the second polypeptide comprises a structure represented by the formula:
scFv-hinge-CHZ2-second CH3 (IVa); and
{11} the third polypeptide comprises a structure represented by the formula:
VL-CL (Hib);

wherein VL is an imnunoglobulin light chain variable domain;, VH 1s an imonmunoglobulin heavy
chain variable domain; scFv is a single-chain variable fragment; CL is an immunoglobulin light
chain constant domain; CHI is an immumoglobulin heavy chain constant domain 1; CH2 is an
immunoglobulin heavy chain constant domain 2; and hinge is an immunoglobulin hinge region
connecting the CH1 and CH2 domains; wherem VL and VH associate to form an Fv that specifically
binds to a first target; and wherein the scFv specifically binds to a second target. In some
embodiments, the first target is a tumor antigen, and the second target is CD3. In some embodiments,
the first target 1s HERZ. In some embodiments, the first target is a first imuenune checkpoint molecule,
and the second target is a second immune checkpoint molecule. In some embodiments, the first
target 1s PDL1 and the second target is CD137. In some embodiments, the first target 1s CD137 and
the second target 1s PDLI. In some embodiments, the scFv comprises from the N-termainus to the C-
ternunus: VH-L-VL, wherein L 1s a peptide linker. Tn 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. In some
embodiments, the scFv is fused to the hinge 1n the second polypeptide via a peptide linker
comprising the amino acid sequence of SEQ 1D NG: 80 or SEQ 1D NO: 81,
[0020] In some embodiments according to any one of the heterodimeric proteins described
above, the heterodimeric profein is an activatable antibody, wherein the heterodimeric protein

comprises a first polypeptide, a second polvpeptide and a third polypeptide, and wherein:
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(i) the first polyvpeptide comprises a structure represented by the formula:
VH-CH1-hinge-CH2-first CH3 (Vay;
(11} the second polypeptide comprises a structure represented by the formula:
MM1-CM1-scFv-hinge-CH2-second CH3 (Via); and
{111} the third polypeptide comprises a structure represented by the formula:
MM2-CM2-VL-CL (IVb};

wherein VL is an imnunoglobulin light chain variable domain;, VH 1s an imonmunoglobulin heavy
chain variable domain; scFv is a single-chain variable fragment; CL is an immunoglobulin light
chain constant domain; CHI is an immumoglobulin heavy chain constant domain 1; CH2 is an
immunoglobulin heavy chaim constant domain 2; hinge is an immunoglobulin hinge region
connecting the CH1 and CH2 domains; MM1 is a first masking peptide; MM?Z 15 a second masking
peptide; UM is a first cleavable peptide; and CM2 1s a second cleavable peptide; wherein VL and
VH associaie to form a first Fv that specifically binds to a first target; wherein the scFv specifically
binds to a second target; wherein MM mhibits the binding of the first Fv to the first target when
CM1 is not cleaved; and wherein MM?2 inhibits the binding of the scFv 1o the second target when
CM2 is not cleaved. In some embodiments, the first target is a tumor antigen, and the second target is
CD3. In some embodiments, MM1 comprises the amino acid sequence of SEQ 1D NG: 35, In some
embodiments, the first Fv comprises a VH comprising an CDR-HI comprising the amino acid
sequence of SEQ 1D NO: 61, a CDR-H2 comprising the amino acid sequence of SEQ ID NQ: 62,
and/or a CDR-H3 comprising the amino acid sequence of SEQ 1D NO: 63. In some embodiments,
the TBM comprises a VL comprising a CDR-L1 comprising the arnino acid sequence of SEQ 1D NO:
64, a CDR-LZ comprising the amino acid sequence of SEQ 1D NO: 65, and/or 3 CDR-L3 comprising
the amino acid sequence of SEQ ID NG 66. In some embodiments, the {irst target is HERZ. In some
embodiments, MM2 comprises the amino acid sequence of SEQ 1D NO: 36, Tn some embodimenits,
the scFv comprises a VH comprising an CDR-HI comprising the amino acid sequence of SEQ 1D
NQO: 69, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 70, and/or a CDR-H3
comprising the amino acid sequence of SEQ ID NO: 71. In some embodiments, the TBM comprises
a VL comprising a CDR-LI comprising the amino acid sequence of SEQ ID NO: 72, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG: 73, and/or a CDR-L3 comprising the anuno
acid sequence of SE(Q ID NO: 74,
{60211 One aspect of the present application provides an activatable antibody comprising: a

first polvpeptide comprising, from N-terminus to C-terminus, a masking moiety {MM), a cleavable



WO 2021/148006 PCT/CN2021/073347

moiety (CM), and a target binding moiety (TBM), wherein the MM comprises the amino acid
sequence of SEQ 1D NQO: 35; wherein the MM inhibits binding of the activatable antibody to
human CD3 when the CM 15 not cleaved; wherein the CM comprises al least a first cleavage site;
and wherein: a} the TBM comprises a VL and the activatable antibody further comprises a second
polvpeptide comprising a VH; b) the TBM comprises a VH and the activatable antibody further
comprises a second polypeptide comprising a VL, ¢) the TBM compnises from the N-terminus to
the C-ternunus, a VL and a VH: or d) the TBM comprise from the N-terminus to the C-terminus, a
VH and a VL; and wherem the activatable antibody binds to human €3 via the VH and VL when
the CM is cleaved. In some embodiments, the TBM comprises a VH comprising an CDR-HI
comprising the amino acid sequence of SEQ 1D NG: 61, a CDR-H2 comprising the amino acid
sequence of SEQ 1D NO: 62, and/or a CDR-H3 comprising the anuno acid sequence of SEQ ID
NGO: 63. In some embodiments, the TBM comprises a VL comprising a CBR-LI comprising the
amino acid sequence of SEQ 1D NO: 64, a CDR-L2 comprising the amano acd sequence of SEQ

1D NO: 65, and/or a CDR-L3 comprising the anuno acid sequence of SEQ D NO: 66

[6022] One aspect of the present application provides an activatable antibody comprising: a
first polypeptide comprising, from N-terminus to C-terminus, a masking moiety (MM), a cleavable
moiety (CM), and a target binding motety (TBM). wherein the MM comprises the amino acid
sequence of SEQ 1D NO: 36; wherein the MM inhibits binding of the activatable antibody to
human HERZ when the CM is not cleaved; wherain the CM comprises at least a first cleavage site;
and wherein a) the TBM comprises a VL and the activatable antibody further comprises a second
polypeptide comprising a VH; b} the TBM comprises a VH and the activatable antibody further
comprises a second polypeptide comprising a VL ¢} the TBM comprises from the N-terminus to
the C-ierminus, a VL and a VH; or &) the TBM comprise from the N-terminus to the C-terminus, a
VH and a VL; and wherein the activatable antibody binds 1o human HERZ2 via the VH and VL
when the CM is cleaved. In some embodiments, the TBM comprises a VH comprising an CDR-HI
comprising the amino acid sequence of SEQ ID NO: 69, a CDR-H2Z comprising the amino acid
sequence of SEQ ID NO: 70, and/or a CDR-H3 comprising the amino acid sequence of SEQ ID
NG: 71. In some embodiments, the TBM comprises a VL comprising a CDR-LI comprising the
amino acid sequence of SEQ 1D NG: 72, a CDR-L2 comprising the amino acid sequence of SEQ

D NG: 73, and/or a CDR-L3 comprising the amino acid sequence of SEQ 1D NQ: 74,
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[0023] In some embodiments according to any one of activatable antibodies described above,
the activatabie antibody comprises a first polypeptide, a second polypeptide and a third
polypeptide, wherein:
(1} the first polypeptide comprises a structure represented by the formula:
VH-CH1-hinge-CH2-first CH3 (Va);
(11} the second polvpeptide comprises a structure represented by the formula;
MM1-CM1-scFv-hinge-CH2-second CH3 (Via); and
(in) the third polvpeptide comprises a structure represented by the formula:
MMZ-CM2Z-VL-CL (IVb)
wherein:
VL is an omunoglobulin light chain variable domain;
VH is an immunoglobulin heavy chatn vartable domain;
scFv 1s a single~chain varnable fragment;
CL 1s an immunoglobulin light chain constant domain;
CH1 is an immunoglobulin heavy chain constant domain 1;
CH2 1s an immumoglobulin heavy chain constant domain 2;
hinge ts an immunoglobulin hinge region connecting the CHU and CH2 domains;
MM 15 a first masking peptide;
MM?2 is a second masking peptide;
CM1 is a first cleavable peptide; and
CMZ is a second cleavable peptide;
wherein VL and VH associate to form a first Fv that specifically binds to a first target; wherein the
scFv specifically binds to a second target: and wherein MM 1s MM1 or MM2.
[6024] In some embodiments according to any one of activatable antibodies described above,
the activatable antibody comprises an Fe region comprising a first CH3 domain and a second CH3
domain, wherein the first CH3 domain comprises D356K, E357K, 5364K and 85400C substitutions
and the second CH3 domain comprises L3518, K370D, N390C and K439D substitutions, or the
first CH3 domain comprises L3S1D, K370D, N390C and K439D substitutions and the second CH3
domain comprises 356K, E357K, 8364K and 8400C substitutions.
[0025] One aspect of the present application provides one or more nucleic acid(s} encoding the
heterodimeric protein according to any one of the heterodimeric proteins described above or the

activatable antibody according to any one of the activatable antibodies described above, vector(s)
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comprising the one or more rucleic acids, and a host cell comprising the one or more nucleic acids
or the vector. In some embodiments, there is provided a method for preparing a heterodimeric
protein or an activalable antibody, comprising: {(a) culturing the host cell according to any one of
the host cells described above under conditions that allow expression of the one or more nucleic
acid{s) or vector; and (b} recovering the heterodimeric protein or the activatable antibody from the
host cell culture.

[0026] One aspect of the present application provides a pharmaceutical composition
comprising the heterodimeric protein according to any one of the heterodimeric proteins described
above or the activaiable antibodies according to any one of the activatable antibodies described
above, and a pharmaceutically accepiable carrier.

{60271 One aspect of the present application provides 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 according o any one of the pharmaceutical compositions
described above. In some embodiments, the disease or condition 15 cancer. In some embodiments,
the cancer is lung cancer. In some embodiments, the cancer is a HER-2 positive cancer. In some
embodiments, the cancer is ovarian cancer. In some embodiments, the cancer is prostate cancer or
melanoma. In some embodiments, the cancer is an advanced-stage cancer.

[6028] Compositions, uses, kits and articles of manufacture comprising any one of the

heterodimeric proteins described above are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[6029] FIGs. 1-S provide schematic diagrams of exemplary antibody designs of the present
application.

{6030] FIG. 1A shows a Fab-F¢/Fc one-armed scaffold schematic. FIG. 1B shows a common
light chain scaffold schematic.

[8031] FIG. 2 shows a Morrison format bispecific scaffold schematic. Shown at right are PD-
L1 X CP137 and CD137 X PD-L1 bispecific antibodies in the Mormison format.

[0032] FIG. 3 shows trispecific scaffold schematics, including, at right, a trispecific antibody fo
PD-L1, CD137, and CTLA4.

[6033] FIG. 4 shows ScFv bispecific scaffold schematics, mcluding, at right, a HER2 and CD3

bispectfic antibodv schematic,
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[0034] FIG. 5 shows activatable scaffold schematics, including, at right, a schematic of an
activatable antibody to HERZ2 and CD3. The masking peptide (represented as a ball) can be fused
to the antigen-binding domain via a cleavable linker.

{0035] FIG. 6 provides 10% SDS-PAGE gels showing the yields of heterodimeric proteins.
The three bands correspond to light chain-heavy chain homodimers, light chain-heavy chain-Fe
heterodimers, and light chain-heavy chain half-bodies, as indicated.

[0036] FIG. 7 provides size-exclusion high-performance hiquid chromatography data of
heterodimeric proteins. Time s on the x-axis, and relative protein abundance is on the v-axis. The
stars indicate peaks corresponding to heterodimeric proteins.

{60371 FIG. 8 provides analyzed size~esclusion high-performance liquid chromatography data
showing heterodimeric proteins atter 1-hour incubations at the temperatures indicated. The x-~axis
indicates temperature {from left to right, a control, 40°C, 50°C, 60°C, 65°C, or 67.5°C), and the y-
axis indicates the peak area corresponding to the heterodimeric protein post incubation relative to
that of control {(without incubation).

[B038] FIG. 9 provides size-exclusion high-performance liquid chromatography spectra of
heterodimeric proteins after storage at 4°C or 37°C for 7, 14, 21, or 28 days, as indicated. Time is
on the x-axis, and relative protein abundance is on the y-axis.

[6039] FIG. 10 shows the etfects of bispecific antibodies in an NF«B activation Tuciferase
reporter assay. The x-axis indicates the log-transformed concentration of antibody in nM, and the
v-axis indicates relative luminescence units ("RLUT} of the luciferase reporter.

[0040] FIGs. 11A-11C provide an evaluation of the quality of purified anti-PDL1 and CD137
bispecific antibodies of different formats. FIG. 11A shows protein quality evaluated by analytical
size-exclusion chromatography afier for 3 and 6 freeve-thaw cycles. FIG. 11B shows protein
quality evaluated by analytical size-exclusion chromatography after incubation at 40°C for 28 days.
In FIG. 11A and FIG. 11B, time is on the x-axis, and relative protein abundance 1s on the y-axis,
and the format of the bispecific antibody is indicated. FIG. 11C provides an analysis of the thermal
stability of purified anti-PDL1T and CEB137 bispecific antibodies of different formats. Antibodies
were incubated for one hour at the temperature indicated on the x-axis (from left to right, a control,
50°C, 60°C, 65°C, and 70°C), and the yv-axis indicates the percentage of moain peak area. In FIG.
11C, PDLIXCD137 TYFO! is indicated as squares, CDI37xPDL1 TYFO1 1s shown as circles,
PDLIxCD137 TYFO2 1s shown as upward-pointing triangles, and CD137<PDL1 TYFO2 is shown

as downward-pointing tnangles.
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[0041] FIG. 12 provides a flow cvtometry analysis of binding of anti-PDL1 xCD137 bispecific
antibodies to PDL1T and CD137. The x-axis of each plot shows antigen display in the APC channel,
and the v-axis shows ligand binding 1 the PE channel.

{0042} FIG. 13 provides a flow cytometry analysis of anti-PDL1 and CD137 bispecific
antibodies binding and cross-reacting. TYFO01 antibodies are shown on the top set of plots, and
TYFO2 antibodies are shown on the bottom set of plots. The x~axis of each plot shows antigen
display in the FITC channel, and the v-axis shows antibody binding in the APC charmel. The
ability of the bispecific antibodies of different formats to bind PDL1 or CD137 of mouse, monkey,
or human origin was tested, as indicated.

[6043] FIG. 14 provides the effect of PDLIXCD137 and CD137<PDL1 bispecific antibodies on
PDL1Y and CD137 reporter gene assays. The top plot shows a PDL1 reporter gene assay, with the
log-transformed concentration of antibody on the x-axis in ng/mi, and the relative luminescence
units (“RUL™) on the y-axis. In the PDL1 reporter gene assay plot, squares indicate PDLIxCTL A4
bispecific antibody, downward-facing triangles indicate PDL1 monomer, circles indicate
PDLIxCD137 bispecific antibody, and upward-facing triangles indicate CD137xPDL1 bispecific
antibody. The lower plot shows a CD137-NF«B reporter gene assay, with the concentration of
antibody on the x-axis in nM, and the relative luminescence units ("RLU™) on the y-axis. In the
CID137-NF«B reporter assay plot, squares indicate PDLI1xCD137 bispecific antibody, upward-
facing triangles indicate CD137xPDL1 bispecific antibody, diamonds indicate CD137xCTLA4
bispecific antibody, downward-facing triangles indicate CD137 monomer, and circles indicate a
negative control.

[0044] FIGs. 15A-15C show the effect of anti-PDL1T and/or anti-CI137 antibodies on tumor
growth /n vive in a 3LL syngeneic mouse model. In each of FIG. 154, FIG. 15B, and FIG. 15C the
x-axis indicates the mumber of days afler the start of treatment, and the v-axis indicates the tumor
volume in mm’. Mono-IgG, bispecific or trispecific antibodies were tested alone or in combination
at the concentrations indicated.

{8045] FIG. 16 provides a characterization of bispecific antibodies through SDS-PAGE
electrophoresis. The left gel is a 12% SDS-PAGE gel under reducing conditions, and the right gel
15 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

TY 24051, lane 2 shows antibody TY 24052, and lane 3 shows antibody TY24053.
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[8046] FIG. 17 provides size-exclusion high-performance liquid chromatography analyses of
bispecific antibodies. The upper plot shows antibody TY24051, the middle plot shows antibody
TY 24105, and the lower plot shows antibody TY24106. In each plot, time 1s on the x-axis, and
relative protein abundance is on the v-axis. Peaks corresponding to heterodimeric proteins and
aggregates are indicated.

{0047] FIGs. 18A-18B provide enzyme-linked immunosorbent assay (ELISA) analyses of
antibodies TY 24051 and TY24052. FIG. 18A shows binding of HER2 by TY 24051 {(squares),
TY 24052 (triangles pointing up}, and TY 24052 after activation (triangles pointing down). FiGz.
188 shows binding of CD3 by TY24051 (squares), TY 24052 (triangles pointing up), and TY24052
after activation (fniangles pointing down). In both FIG. 18A and FIG. 188, the concentration of
antibody is on the x-axis in M, and the absorbance at 450 nim s on the v-axis,

{8048] FIG. 19 shows an assay of T-cell mediated cvtotoxic killing upon treatment with
bispecific antibodies. The concentration of antibody {ng/ml} is shown on the x-axis, and the
percentage of cell lyvsis 1s shown on the v-axis. Target cells were incubated with T cells for 24
hours with TY24051 {circles), TY 24052 (squares), an isotype control {trangles pointing up), or

without an antibody (triangles pointing down).

DETAILED DESCRIPTION OF THE INVENTION
{60491 The present applicalion provides heterodimeric proteins comprising CH3 domains
having engmeered disuifide bond(s) and/or salt bridge(s), mcluding multispecific antibodies such
as bispectfic antibodies comprising an Fc region having the engingered disulfide bond(s} and/or
salt bridge(s). In some embodiments, the heterodimeric protein comprnises an engineered disulfide
bond between €320 m a first CH3 domain and C400 1n a second CH3 domain, between C392 ina
first CH3 domain and €397 in a second CH3 domain, or between €392 1n a first CH3 domain and
C400 in a second CH3 domain. In some embodiments, the heterodimeric protein comprises a
rearranged sali-bridge network as compared to wildiype CH3 domains, 2.g., among positions 357
and 411 in a first CH3 domain and positions 351 and 370 1o a second CH3 domain (e.g.,
E3STICT4TIK-L351TD: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, E357K8364K-L351° B K370°D). In some
embodiments, the heterodimeric protein comprises an inversed salt bridge as compared to wildiype
CH3 dormains between position 356 in a first CH3 domain and position 439 i a second CH3

domain {(e.g., D356-K439’). The heterodimeric proteins described herein provide a platform for
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preparing various formats of multispecitic proteins and antibodies with hugh vield, superior
stability {e.g . resisiance io aggregation and precipitation at high femperature or due to freeze-thaw

cyeles), and polent activity.

L Definifions

{80501 Terms are used herein as generally used in the art, unless otherwise defined as follows.
{8051 ] The term “antibody™ herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polvclonal antibodies,
multispecific antibodies {e.g.. bispecific antibodies), and antibody fragments so long as they exhubit
the desired antigen-binding activity.

{60521 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
stte, and a residual “Fe” fragment, whose name reflects its ability to crystallize readily. Pepsin
{reatment vields an F(ab )y fragment that has two antigen~-combining sites and is still capable of
cross-linking antigen. The term antibody also includes, but is not lirnited to, chimeric antibodies,
humanized antibodies, and antibodies of various species such as mouse, human, cynomolgus
monkey, efc.

[6053] The term “antigen-binding fragment” refers to one or more poriions 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 linvted to, (1) a Fab fragment, a monovalent fragment consisting of
the VL, VH, CL and CHI domains; {(ii) a F{ab” )2 fragment, a bivalent fragment comprising two
Fab fragments linked by a disulfide bridge at the hinge region; {iii) a Fv fragment consisting of the
VL and VH 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 (1)
a single chain Fab fragment comprising a single polypeptide comprising the VL, VH, CL and CH1
domains.

[3054] The term “monoclonal antibody™ as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.¢., the individual antibodies comprising the
population are identical and/or bind the same epitope, except for possibie variant antibodies, e.g.,
containing naturally occurring mutations or ansing during production of a monoclonal antibody

preparation, such vanants generally being present in nunor amounts. In contrast to polyclonal
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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 1s not to be construed as requiring production of the antibody by any particular
method. For example, the monoclonal antibodies o be used n accordance with the present
mvention may be made by a vanety of techniques, including but not hnited to the hybndoma
method, recombinant DNA methods, phage-display methods, and methods utilizing transgenic
animals containing all or part of the human immunoglobulin loci, such methods and other
exemplary methods for making monoclonal antibodies being described herein.

[0055] The term “hypervarnable 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 (“hypervanable loops™). Generally, native four-chamn antibodies comprise six HVRs;
three in the VH (HI, H2, H3), and three in the VL (L1, L2, L3). HVRs generally comprise amino
acid residues from the hypervariable loops and/or from the “complementarity determining regions”
(CDRs), CDRs being of highest sequence varnability and/or involved in antigen recognition.
Exemplary hypervariable loops occur at amine acid residues 26-32 (1.1}, 50-52 (1.2), 91-96 (L.3),
26-32 (H1), 53-55 (H2), and 96-101 (H3). (Chothia and Lesk, J. Mol Biol. 196:901-917 (1987).)
Exemplary CDRs (CDR-L1, CDR-L2, CDR-L3, CDR-H1, CDR-HZ, and CDR-H3) occur at amino
acid residues 24-34 of L1, 50-56 of L2, €9-97 of L3, 31-35B of H1, 50-65 of H2, and 95-102 of
H3 (Kabater g/, Sequences of Proteins of Imnwnological Interest, Sth Ed. Public Health Service,
Mational Institutes of Health, Bethesda, MD (19913} With the exception of CDR1in VH, CDRs
generally comprise the amino acid residues that form the hypervanable foops. CDRs also comprise
“specificity determining residues,” or “SDRs,” which are residues that contact antigen. SDRs are
contained within regions of the CDRg called abbreviated-CDRs, or a-CDRs. Exemplary a~-CIDRs
{a-CDR-L1, a-CDR-L2, a-CDR-L3, a-CDR-H1, a-CDR-H2, and a-CDR-H3) occur at amino acid
residues 31-34 of 1.1, 50-55 of L2, 89-96 of L3, 31-35B of H1, 50-538 of H2, and 95-102 of H3.
{See Almagro and Fransson, Fronf. Biosci. 13:1619-1633 (2008)). Unless otherwise indicated,
HVR residues and other residues in the vanable domain (2.g., FR residues) are numbered herein
according to Kabat ef af., supra.

[0056] The term “variable region” or “vanable domain™ refers 1o the domain of an antibody

heavy or light chain that 15 involved i binding the antibody to antigen. The variable dorsains of
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the heavy chain and light chain (VH and V1, respectivalv} of a native antibody generally have
stmilar structures, with each domain comprising four framework regions (FRs) and three
hyvpervanable regions (HVRs), arranged from amino-terminus to carboxy-terminus in the following
order: FR1, HVRI1, FRZ HVRZ, FR3, HVR3, FR4. (See, e.g., Kindt ¢f al. Kuby Immunology, 6th
ed., W H. 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
1solated using a VH or VL domain from an antibody that binds the antigen to screen a library of
complementary VL or VH domaing, respectively. See, e g., Portolano er af., J. Immunol. 150:880-
887 {1993}, Clarkson ef ¢/, Nature 352:624-628 {1991}

100571 The term “EU numbering” or “armino acid position numbering based on EU
numbermg,” and variations thereof, refers to the numbering system used for heavy chain constant
domains of the compilation of antibodies in Edelman, G M. et al., Proc. Natl. Acad. USA, 63, 78-
&5 (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.
[B058] The Kabat numbering system is generally used when referring o 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 ef /., Sequences of Immunclogical Bniterest. 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, Md. {1991)). Using this numbering system, the actual
linear anmino 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
restdue 52 of H2 and inserted residues {e.g. residues 82a, &2b, and 82¢, erc. according to Kabat)
after heavy chain FR residue 82. The Kabat numberning 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.

{08059] With respect 1o a heterodimeric protein having two CH3 domains, a given amino acid
position of a first CH3 domain is referred to as X, and the corresponding amino acid position of the
second CH3 domain 1s referred to as XU, For example, N390C-S8400°C refers to a heterodimeric
protein 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 described herein are

referred herein with respect to a wildtype, naturally occurring CH3 domain,
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[8060] Unless indicated otherwise, all formula of polvpeptide chains described herein list the
componenis of the polypeptide in the order from the N-terminus io the C-terminus. For example,
the formula VH1-CH1-hinge-CH2-first CH3-L1-scFv1 indicates that the polypeptide comprises,
from the N-terminus to the C-terminus, the following structural components: VHI, CHI, hinge,
CH2, first CH3, L1 and scFvl.

{8061 ] The term “heavy chain constant region” as used herein refers to a region comprising at
least three heavy chain constant domains, CHI, CH2, and CH3, and a hinge region between CH1
and CH2. Non-linuting exemplary heavy chain constant regions include v, 6, and . Non-limiting
exemplary heavy chain constant regions also include e and p. Each heavy constant region
corresponds to an antibody isotype. For example, an antibody comprising a v constant region is an
{gG antibody, an antibody comprising a & constant region 1s an gD antibody, and an antibody
compising an o constant region is an {gA antibody. Further, an antibody comprising a p constant
region is an IgM antibody, and an antibody comprising an € constant region is an IgE antibody.
Certain isotypes can be further subdivided into subclasses. For example, {gG antibodies include,
but are not limited to, IgG1 (comprising a y1 constant region}, ig(G2 {comprising a y2 constant
region}, 1gG3 {comprising a y3 constant region), and IgG4 (comprising a ys constant region}
antibodies; IgA antibodies include, but are not limited to, IgAl (comprising an o1 constant region)
and IgAZ2 {comprising an o constant region) antibodies; and IgM antibodies mclude, but are not
limited to, IgM1 and IgM2.

[{8062] The term “CH2 domain™ of a human Ig( Fe region usually extends from about residues
231 to about 340 of the 1gG according to the EU numbering system. The CHZ domain is unigue in
that it is not closely paired with another domain. Rather, two N-linked branched carbohydrate
chains are interposed between the two CH2 domains of an mtact 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. Immunol. 22:161-206 (19835),

{80631 The term “CH3 domain™ comprises the siretch of residues C-terminal to a CH2 domain
in an Fc region {i.e., from about amino acid residue 341 to about amino acid residue 447 of an IgG
according 1o the EU numbering system).

[0064] The term “heavy chain™ as used herein refers to a polypeptide comprising at least a
heavy chain variable region, with or withow 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
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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.

[B065] The term “light chain constant region”™ as used herein refers 1o a region comprising a
light chain constant domain, CL. Non-limiting exemplary light chain constant regions include A
and K.

[8066] The term “light chain™ as used herein refers 1o a polypeptide comprising at least a light
chain variable region, with or without a leader sequence. In some erobodirents, 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 varnable region and a light chain
constant region, with or withowt a teader sequence.

{00671 “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 pariner {e.g , an antigen). The affinity
of a molecule X for its pariner Y can generally be represented by the dissociation constant (Kq).
Affinity can be measured by comymnon methods known in the art, including those described herein.
In the context of a multispecific antibody {e.g . a bispecific or irispecific antibody}, affinity of the
antibody with each binding specificity (i.e. target) can be measured.

[B068] The term “binds”, “specifically binds to™ or is “specific for” refers to measurable and
reproducible interactions such as binding between a target and an antibody, which is determinative
of the presence of the target in the presence of a heterogeneous population of molecules including
biological molecules. For exampie, an antibody that binds to or specifically binds to 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 to other targets. In some embodiments, the
extent of binding of an antibody {0 an unrelated target is less than about 10% of the binding of the
antibody 1o the target as measured, e. g, by aradioimmuncassay (RIA). In some embodiments, an
antibody that specifically binds fo a target has a dissociation constant (Kd) of < 1uM, <100 nM, <
10 nM, <1 nM, or <0.1 nM. In some embodiments, an antibody specifically binds to an epitope
ont a protein that is conserved among the protein from different species. In some embodiments,
specific binding can include, but does not require exclusive binding,

[3069] The term “multispecific” as used m conjunction with an antibody refers to an antibody
having polvepitopic specificity {(i.e., is capable of specifically binding to two, three, or more,
different epitopes on one biological molecule or is capable of specifically binding to epitopes on

two, three, or more, different biological molecules).
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[B070] An “affinity matured” antibody refers to an antibody with one or more alterations in one
or more hypervariable regions (HVRs} compared 1o a parent antibody, which does not possess such
alterations, such alterations resulting n 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
in one or more complementarity determining regions {CDRs} comparad to a parent antibody, which
does not possess such alierations, such alterations resulting in an improvement in the affinity of the
antihody for antigen.

[0071] A “chimeric antibody™ as used herein refers o an antibody in which a portion of the
heavy and/or light chain 1s 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, esc.y and at least one constant region from a second
species (such as human, cynomoelgus monkey, efc.). 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 antibody 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.

{8072] 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 amuno acid from a human vanable region. Tn some embodiments, a humanized
antibody comprises at least one human constant region or fragment thereof. In some embodiments,
a humanized antibodv is an Fab, a (Fab'), eic.

100731 An “HVR-grafted antibody” as used herein refers {0 a humanized antibody in which one
or more hvpervariable regions (HVRs) of a first (non-human) species have been grafied onto the
framework regions (FRs} of a second (human) species. In some examples, a “CDR-grafted
antibody ™ as used herein refers to a humanized antibody in which one or more complementarnity
determining regions {CDRs) of a first (non-human} species have been grafied onto the framework
regions {FRs) of a second (human) species.

[0074] A “human antibody” as used herein refers 10 antibodies produced in humans, antibodies

produced in non-human animals that comprise human immunoglobualin genes, such as
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XENOMOUSE®, and antibodies selected using in vitro methods, such as phage display, wherein
the antibody repertoire is based on a human immunoglobulin sequence.

[B075] The terms “nuclete 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 o the hnear sequence of nucleotides that comprise the nucleic acid
molecule or polvnucleotide.

[8076] The terms “polypeptide™ and “peptide” are used interchangeably to refer to a polymer
of amino acid residues, and are not limited to a minimum length. Such polvmers of amino acid
restdues may contain natural or unnatural amine acid residues. Both full-length proteins and
fragments thereof are encormpassed by the definttion. The terms also include posi-expression
modifications of the polypeptide, for example, glvcosviation, sialylation, acetylation,
phosphoryiation, and the like. Furthermore, a “polypeptide” includes modifications, such as
deletions, additions, and substitutions {generally conservative in nature), to the native sequence, as
iong 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.

160771 A polypepiide “variant” means a biologically active polypeptide having at least about
80% amimo acid sequence wdentity with the native sequence polypeptide after aligning the
sequences and introducing gaps, if necessary, to achigve the maximum percent sequence identity,
and not considerimg any conservative substifutions as part of the sequence identity. Such variants
include, for instance, polypeptides wherein one or more amino acid residues are added, or deleted,
at the N- or C-terminus of the polypeptide. In some embodiments, a variant will have at least about
80% amino acid sequence wdentity. In some embodiments, a variant will have at least about 90%
amino acid sequence identity. Tn some embodiments, a variant will have at least about 95% amino
acid sequence identity with the native sequence polypeptide.

{6078] As used herein, “percent (%} amino acid sequence identity” with respect to a peplide,
polypeptide or antibody sequence are deflined as the percentage of amino acid residues in a
candidate sequence that are identical with the amuno acid residues i the specific peptide or
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent sequence tdentity, and not considering any conservative substitutions as part

of the sequence identity. Alignment for purposes of determining percent anuno acid sequence
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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
fength of the sequences being compared.

[8079] An amino acid substitution may include but are not limited to the replacement of one
aming acid in a polypeptide with another arno 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,

or improved ADCC or CDC.

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 () Glu, Asn

Cvs (O Ser; Ala

Gin () Asn; Gha

Glu (B) Asp; Gin

Gly () Ala

His {(H) Asn; Gin; Lys; Arg

He () Lew Val; Met; Ala; Phe; Norleucine
Leu (L) Norleucine; He; Val: Mst; Ala; Phe
Lys (K} Arg; Gin; Asn

Met (M) Leu; Phe; He

Phe (F) Trp: Lew; Val; Ile; Ala; Tyr

Pro (P} Ala

Ser (8) Thr

Thr (T} Val; Ser

Trp (W) Tvyr, Phe

Tyr (Y} Trp; Phe; Thr; Ser
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Yal (V) fle; Leu; Met; Phe; Ala; Norleucine

{6080] Amino acids may be grouped according to common side-chain properties:

{1} hydrophobic: Norleucine, Met, Ala, Val, Ley, lle;

{2} neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

{3} acidic: Asp, Gly;

{(4) basic: His, Lys, Arg;

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

(6) aromatic: Trp, Tyr, Phe,
Non-conservative substitutions will entail exchanging a member of one of these classes for another
class.
[B081] The term “vector” is used to describe a polynucleotide that may be engineered to
contain a cloned polvnucleotide or polynucleotides that may be propagaied in a host cell. A vector
may include one or more of the following elements: an origin of replication, one or more
regulatory sequences (such as, for example, prorooters 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 colorimetrnic assayvs, e.g., B~
galactosidase). The term “expression vector” refers (o a vector that 1s used (o express a polypeptide
of interest in a host cell.
[B0382] A “host cell” refers o a cell that may be or has been a recipient of a vector or isolated
polyvnucleotide. Host cells mayv be prokaryotic cells or eukarvotic 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
10, NSO cells, PER.C6® cells (Crucell), and 293 and CHO cells. and their derivatives, such as 293-
6F and DG44 cells, respectively. The term “cell” includes the primary subject cell and its progeny.
[B083] The term “isolated” as used herein refers 1o a molecule that has been separated from at
least some of the components with which it is typically found in nature or produced. For exanwple,
a polypeptide is referred to as “isolated” when it is separated from at least some of the components
of the cell in which it was produced. Where a polypeptide is secreted by a cell after expression,
phvsically separating the supermatant containing the polypeptide from the cell that produced it is
considered to be “isolating” the polypeptide. Similarly, a polynucleotide is referred to as “isolated”
when it is not part of the larger polynucleotide (such as, for example, genomic DNA or

nutochondrial DNA, in the case of a DNA polyvnucleotide) in which 1t 15 typically found in nature,
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or is separated from at least some of the components of the cell in which it was produced, e.g., in
the case of an RNA polynucleotide. Thus, a DNA polvnucieotide that 1 contained in a vector
instde a host cell may be referred 1o as “isolated”.

{6084] The terms “individual” or “subject” are used interchangeably herein to referto a
mammal. In some embodiments, methods of treating mammals, including, but not limited to,
humans, rodents, simians, felines, canines, equines, bovines, porcines, ovines, capiines,
mammalian laboratory amimals, marmalian farm amimals, marmmalian sport anumals, and
mammalian pets, are provided. In some examples, an “individual™ or “subject” refers to an
individual or subject in need of treatment for a disease or disorder.

00:85] As used herein, “treatment” or “ireating” 13 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 1o, one or more of the following: alleviating one or more
symptoms resutting from the disease, diminishing the extent of the disease, stabilizing the disease
{e.g., preventing or delaying the worsening of the disease), preventing or delaving the 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,
delaving the progression of the disease, increasing the quality of life, and/or prolonging survival.
Also encompassed by “treatment” is a reduction of pathological consequence of cancer. The
methods of the invention contemplate any one or more of these aspects of treatment.

[B086] The term “prevent,” and sinular words such as “prevented,” “preventing” etc., indicate
an approach for preventing, inhibiting, or reducing the likelihood of the recwrrence of, a disease or
condition, e.g., cancer. It also refers to delaying the recurrence of a disease or condition or delaying
the recurrence of the symptoms of a disease or condition. As used herein, “prevention” and similar
words also mcludes reducing the intensity, effect, symptoms and/or burden of a disease or
condition prior to recurrence of the disease or condition.

{0087} As used herein, “delaying” the development of cancer means to defer, hinder, slow,
retard, siabilize, and/or postpone development of the disease. This delay can be of varying lengths
of time, depending on the historv of the disease and/or individual being treated. A method that
“delays” development of cancer is a method that reduces probability of disease developmentina
given time frame and/or reduces the extent of the disease in a given time frame, when compared (o

not using the method. Such comparisons are typically based on chinical studies, using a statistically
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significant number of individuals. Cancer development can be detectable using standard methods,
including, but not limited to, computenized axial tomography (CAT Scan), Magnetic Resonance
Imaging (MR}, abdominal altrasound, clotting fests, arleriography, or biopsy. Development may
also refer to cancer progression that may be initially undetectable and includes occurrence,
recurrence, and onset.

{B088] The term “effective amouni” used herein refers 1o an amount of an agent or a
combination of agents, sufficient to ireat a specified disorder, condition or disease such as o
ameliorate, palliate. lessen, and/or delay one or more of its svmptoms. In reference to cancer, an
effective amount comprises an amount suffictent to cause a tumor to shrink and/or to decrease the
growth rate of the tumor (such as o suppress turmor growth) or to prevent or delay other undesived
cell proliferation. In some embodiments, an effective amount is an amount sufficient 1o delay
disease development. In some embodiments, an effective amount is an amount sufficient to prevent
or delay recurrence. An effective amount can be administered in one or more administrations. The
effective amount of the drug or composition may: (1) reduce the number of cancer cells; (i) reduce
tumor size; (i1} inhibit, retard, slow o some extent and preferably stop cancer cell infiliration into
peripheral organs; (iv) inhibit (7.e., slow {o some extent and preferably stop} fumor 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.

{6089] 1t 1s understood that embodiments of the invention described herein include
“consisting” and/or “consisting essentially of” embodiments,

[3090] 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,

[6091] As used herein, reference to "not" a value or parameter generally means and describes
“other than" a value or parameter. For exarmple, the method is not used to treat cancer of type X
means the method is used to treat cancer of types other than X,

{8092] The term “about X-Y " used herein has the same meaning as “aboui X to about Y.”
{8093] As used herein and in the appended claims, the singular forms "a", "an", and "the"
include plural referents unless the context clearly dictates otherwise.

[0094] The term “and/or” as used herein a phrase such as “A and/or B” 15 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 C” 15 intended to encompass each of the following embodiments: A,
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Band C.A B orC,AorC,AorB;BorC, Aand C; A and B; B and C; A (alone); B (alone);
and C (alone}.

[6095] 1t is appreciated that certain features of the invention, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the invention, which are, for brevily, described in the context of a
single embodiment, may also be provided separately or n any suitable subcombination. All
combinations of the embodiments pertaining to the heterodimeric proteins are specifically
embraced by the present invention and are disclosed herein just as if each and every combination
was individually and expliciily disclosed. In addition, all subcombinations of the heterodimeric
proteins listed in the ermnbodiments describing such variables are also specifically embraced by the
present mvention and are disclosed herein just as if each and every such sub-combination of the

heterodimeric proteins was individually and explicitly disclosed herein.

ik Heterodimeric proteins

[0096] The present application provides heterodimeric proteins comprising CH3 domains
having any one or combination of engineered residues, which promote heterodimer formation as
described in the subsection “CH3 domain mutations.” Heteromudtimers 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 heremn.

{80971 In some embodiments, there 1s provided a heterodimeric protein {e. g, multispecific
antibody} comprising a first polvpeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wherein: 1} the first CH3 domain comprises a cysteine (C)
residue at position 390 and the second CH3 domain comprises a cvsteine residue at posttion 400, or
the first CH3 domain comprises a cysieine residue at position 400 and the second CH3 domain
comprises a cysteine residue at position 390; or 1) the {irst CH3 domain comprises a cysieine
restdue at position 392 and the second CH3 domain comprises a cvsieine restdue 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 ni} the first CH3 domain comprises a cysieine
residue af posttion 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.
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[B098] In some embodiments, there is provided a heterodimeric protein {e.g. . multispecific
antibody ) comprising 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 negaiively charged residue at
position 351 and the second CH3 domain forther comprises a positively charged restdue at position
357, or u) the first CH3 domain further comprises a posttively 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 i) 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 i} and 11}, or a combination or 1) and
111}, wherein the amino 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 position 439, or first CH3 domamn
further coraprises a negatively charged residue at position 439 and the second CH3 domamn further
comprises a positively charged residue at posttion 356, and wherein the amino acid residue
numbering 18 based on EU numbering.

[0099] in some embodiments, there 1s provided a heterodimeric protein (e. g, multispecific
antibody) comprising a first polypeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wherein: 1) the first CH3 domain comprises a cysteine ()
restdue at position 390 and the second CH3 domain comprises a cvsieine restdue at position 400, or
the first CH3 domain comprises a cysteine residue at position 400 and the second CH3 domain
comyises a cysteine residue at position 390; or i1} the first CH3 domain comprises a cysteine
residue at position 392 and the second CH3 domain comprises a cysteine residue at posttion 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 cvsteine residue at position 400, or
the first CH3 domain comprises a cysteine residue at position 400 and the second CH3 domaimn

comprises a cysteine residue at position 392; and wherein: a) the first CH3 domain further
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comprises a positively charged residue at position 357 and the second CH3 domain further
comprises a negatively charged residue at posiiion 351, or the first CH3 domain further comprises
anegatively 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 comprises a
negatively charged residue at posttion 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 ¢}, wherain the aming acid residus
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 position 439, or first CH3 domain fuwther 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.

{08160] The CH3 domains may be derived from any naturally occurring immumnoglobulin
molecules. In some embodiments, the CH3 domains are dertved from an IgG1 molecule, an 1g(G2
molecule, an 1gG3 molecule, or an 1gG4 molecule. In some embodiments, the CH3 domains are
human CH3 domains. In some embodiments, the CH3 domains are derived from human 1gGl
molecules.

[00101]  In some embodiments, there is provided a heterodimeric protein {e.g., multispecific
antibody ) comprising a first polvpeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wherein: 1} the first CH3 domain comprises N390C substitution
and the second CH3 domain comprises 5400C substitution, or the first CH3 domain comprises
S400C substitution and the second CH3 domain comprises N390C substitution; or i) the first CH3
domain 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 i1} the first CH3 domam comprises K392C substitution and the second
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CH3 domain comprises S400C substitution, or the first CH3 domain comprises 8400C substitution
and the second CH3 domain comprises K392C substitution.

[00102]  In some embodiments, there is provided a heterodimeric protein (e. g, multispecific
antibody} comprising a first polvpeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wherein: 1} the first CH3 domain comprises E357K and T411K
substitutions and the second CH3 domain comprises L3510 and K370 subsiitutions, or the first
CH3 domain comprises L3510 and K370D substitutions and the second CH3 domain comprises
E357K and T411K substitutions; or 11} 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 L351D and K370D substitutions and the second CH3 domain comprises
E357K and 8364K substitutions; or 11} 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 L351D, K370D and K439D substitutions and the
second CH3 domain comprises D356K, E357K and S364K substifutions.

{00103]  In some embodiments, there is provided a heterodimeric protein {e.g. . multispecific
antibody ) comprising 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 L3510, K370D, and 8400C
substitutions, or the first CH3 domain comprises L3515, K370D, and 5400C substititions and the
second CH3 domain comprises E357K, 8364K and N390C substitutions.

[80104]  In some embodiments, there 1s provided a heterodimeric protein {e. g, multispecific
antibody ) comprising a first polvpeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wherein the first CH3 domain comprises E357K, S364K and
S5400C substitutions and the second CH3 domain comprises L351D, K370D, and N390C
substitutions, or the first CH3 domain comprises L3510, K370D, and N390C substitutions and the
second CH3 domain comprises E357K, 8364K and S400C substitutions,

{80105] In some embodiments, there is provided a heterodimeric protein {e.g., multispecific
antibody ) comprising a {irst polvpeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wheremn the first CH3 domain comprises D356K, E357K,
8364K and S400C substitutions and the second CH3 domain comprises L331D, K370D, N390C
and K439D substitutions, or the {irst CH3 domain comprises L3510, K370D3, N390C and K439D
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substitutions and the second CH3 domain comprises 356K, 357K, §364K and S400C
substitutions.

[00106]  In some embodiments, there 1s provided a heterodimeric protein {e. g, multispecific
antibody} comprising a first polvpeptide comprising a first CH3 domain and a second polypeptide
comprising a second CH3 domain, wherein the first CH3 domain comprises D356K, E357K,
S364K and N390C substitutions and the second CH3 domain comprises L351D, K370D3, K439D
and 8400C substitutions, or the first CH3 domain comprises L3510, K370D, K439D and 5400C
substitutions and the second CH3 domain comprises D356K, F357K, $364K and N390C
substitutions.

001071 In some embodiments, the heterodimeric protein comprises an Ig(G Fe region that
comprises the engineered CH3 domains. The Fc region may be derived from any suitable F¢
subclasses, including, but not limmted to, IgGl. g2, 1g(G3, and 1g(G4 subclasses.

[00168] Tables TA-1B in the Examples section lists exemplary polypeptide sequences (SEQ ID
NGs: 1-28) of CH3 domains (or Fc regions) comprising the engineered disulfide hond(s) and/or
salt bridge(s) described herein. Gther polypeptide sequences of engineered CH3 domains or
polvpeptides of the Fc regions include SEQ 1D NQOs: 138-365. Also provided are polypeptides
comprising an amino acid sequence selected from the group consisting of SEQ 1D NQOs: 1-28 and
138-365.

{80109  In some embodiments, there is provided a heterodimeric protein {e.g., multispecific
antibody } comprising a first polypeptide comprising the amino acid sequence of SEQ ID NO: 1,
and a second polvpeptide comprising the amino acid sequence of SEQ ID NO: 2. In some
embodiments, there is provided a heterodimeric protein {e 2., multispecific antibody) comprising a
first polypeptide comprising the amino acid sequence of SEQ 1D NO: 3, and a second polypeptide
comprising the amino acid sequence of SEQ 1D NG: 4. In some embodiments, there is provided a
heterodimeric protein {e. g., multispecific antibodyv) comprising a first polypeptide compnising the
amino acid sequence of SEQ 1D NO: 5, and a second polvpeptide comprising the amino acid
sequence of SEQ ID NO: 6. In some embodiments, there is provided a heterodimeric protein {e.g.,
multispecific antibody) comprising a first polypeptide comprising the amino actd sequence of SEQ
1D NO: 7, and a second polypeptide comprising the amino acid sequence of SEQ ID NO: 8. In
some embodiments, there is provided a heterodimeric protein {e. g, multispecific antibody}
comprising a first polypeptide comprising the amino acid sequence of SEQ 1D NG: 9, and a second

polypeptide comprising the amino acid sequence of SEQ 1D NO: 10. In some embodiments, there
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15 provided a heterodimeric protein {e.g., multispecific antibody} comprising a first polypeptide
comprising the amino acid sequence of SEQ ID NG: 11, and a second polypeptide comprising the
amino acid sequence of SEQ ID NG: 12, In some embodiments, there is provided a heterodimeric
protein {e.g . multispecific antibody) comprising a first polypeptide comprising the amino acid
sequence of SEQ ID NO: 13, and a second polvpeptide comprising the amino acid sequence of
SEQ 1D NO: 14, In some embodiments, there 1s provided a heterodimeric protein {e.g.,
nmultispecific antibody) comprising a first polypeptide comprising the amno acid sequence of SEQ
1D NO: 15, and a second polypeptide comprising the amino acid sequence of SEQ ID NO: 16. In
some embodiments, there is provided a heterodimeric protein {e. g., mudtispecific antibody)
comprising a first poly peptide comprising the amino acid sequence of SEQ IDNG: 17, and a
second polypeptide comprising the anuno acid sequence of SEQ 1D NO: 18, In some erobodiments,
there 1s provided a heterodimeric protein (e g., multispecific antibody) comprising a first
polypeptide comprising the amino acid sequence of SEQ 1D NO: 19, and a second polvpeptide
comprising the amino acid sequence of SEQ 1D NG: 20 In some embodiments, there is provided a
heterodimeric protein {e.g., multispecific antibody) comprising a first polypeptide comprising the
amino acid sequence of SEQ ID NG: 21, and a second polypeptide comprising the aming acid
sequence of SEQ 1D NG: 22, In some embodiments, there is provided a heterodimeric protein {e.g.,
multispecific antibodv) comprising a first polypeptide comprising the amino acid sequence of SEQ
1 NO: 23, and a second polvpeptide comprising the amino acid sequence of SEQ 1D NO: 24,
CH3 domain mutations

{801108]  The heterodimeric proteins described herein may have one or more engineered disulfide
bonds. one or more engineered {e.g., rearranged or inversed) salt bridges, or a combination thereof.
Unless stated otherwise, all amino acid residue numbering herein is based on EU numbering, and
the amino acid substitulions are relative to the wildiype (or naturally occurning) sequence at the
corresponding amino acid positions in a wild type (or naturally occurring) CH3 domain sequence.
1t is appreciated that the mutations or substitutions described herein are applicable to all IgG
subclasses and allotypes. Ig(s allotypes have been described, for example, in Jefferis R. and
Lefranc M. mAbs 1:4, 1-7 (2009}, which is incorporated herein by reference in its entivety. In some
embodiments, the anuno acid mutations or substitutions described herein are relative to a wildtype
CH3 domain sequence of an Ig(G1, such as IgG1 allotype GIm, 1{a}, 2(x}, 3(f) or 17(z). In some
embodiments, the amino acid mutations or substitutions described herein are relative to a wildiype

CH3 domain sequence of an [gG4. For example, a D356K substitution relative 1o a wildtype CH3
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domain of one human 1gGl allotype (Uniprot 1D PO1857; SEQ 1D NO: 29} 1s equivalent to an
E356K substitution relative to a wildtype CH3 domain of a second human fg(G1 allotype (SEQ ID
NQG: 30), or a wildtvpe CH3 domain of a human IgG4 (SEQ 1D NO: 31). Exemplary CH3 domain
mutations are shown in Tables 1A-1B. In some embodiments, the anuno acid mutations or
substitutions described herein are relative to a wildtype Fc region sequence, e.g., an Igz1 Fc region

(SEQ 1D NQO: 32 or 33) or an IgG4 Fe region (SEQ D NO: 34),

Novel Cysteine mutations

{00111] In some embodiments, the heterodimeric proteins described herein comprise a first
polypeptide comprising a first CH3 domain and a second polypeptide comprising a second CH3
domain, wheretn 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.

{80112} In some embodiments, the first CH3 domain comprises a € at position 390 and the
second CH3 domain comprises a € at position 400, or the first CH3 domain comprises a € at
position 400 and the second CH3 domain cormprises a C at posttion 390. In some embodiments, the
first CH3 domain comprises N390C substitution and the second CH3 domain comprises 5400C
subsiitution, or the first CH3 domain comprises S400C substitution and the second CH3 domain
comprises N390C substitution.

{80113} In some embodiments, the first CH3 domain comprises a C at position 392 and the
second CH3 domain comprises a C at position 397, or the first CH3 domain comprises a € at
posttton 397 and the second CH3 domain comprises a € at postiion 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 V397C substitution and the second CH3 domain
comprises K392C substitution.

[00114]  In some embodiments, the first CH3 domain comprises a € 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, the
first CH3 domain comprises K392C substitution and the second CH3 domain comprises 8400C
substitution, or the first CH3 domain coraprises $400C substitution and the second CH3 domain

comprises K392C substitution.

33



WO 2021/148006 PCT/CN2021/073347

Novel Xalt bridge muiations

{00118}  In some embodiments, the heterodimeric proteins described hergin comprise a first
polypeptide comprising a first CH3 domain and a second polypeptide comprising a second CH3
domain, whergin the first CH3 domain comprises an engineered positively charged residue and the
second CH3 domain comprises an engineered negatively charged residue, wherein the engineerad
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 aming acid residues, or reverse the charges on the amino acid
residues forming the salt bridge (i.e., “inverse” a salt bridge) with respect to wildivpe CH3
domains. In some embodiments, the engineered posttively charged residue substitutes a negatively
charged residue in a wildtype CH3 domain with a positively charged residue. In some
embodiments, the engineered negatively charged residue substitutes a positively charged residue in
a wildtype CH3 domain with a negatively charged residue. The rearranged and inversed salt
bridges may result in changes in the isoelectric ponts (P} of the heterodimer and the homodimer
comprising the engineered CH3 domains, thereby allowing better separation of the heterodimer
from the homodimer in a purification process.

[001316]  In some embodiments, the first CH3 domain comprises a positively charged residue at
position 357 and the second CH3 domain comprises a negatively charged residue at position 351,
or the first CH3 domain comprises a negatively charged residue at posttion 351 and the second
{CH3 domain comprises a positively charged residue at position 357, In some embodiments, first
CH3 domain comprises a K at position 357 and the second CH3 domain comprises a D at position
351, or the first CH3 domain comprises a [ 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 posttion 351, or the first CH3 domain comprises an E at
position 351 and the second CH3 domain conmprises a K at position 357, In some embodiments,
first CH3 domain comprises an R at position 357 and the second CH3 domain comprises a [ at
position 351, or the first CH3 domain comprises a D at position 351 and the second CH3 domain
comprises an R at position 357, In some ernbodiments, 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 E3537K substitution and the second CH3
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domain comprises L351D substitution, or the first CH3 domain comprises L351D substitution and
the second CH3 domain comprises E3S7K substitution.

{00137 In some embodiments, the first CH3 domain comprises a positively charged residue at
position 411 and the second {UH3 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 postiively charged residue at position 411, In some embodiments, first
CH3 domain comprises a K at position 411 and the second CH3 domain comprises a D at position
370, or the first CH3 domain comprises a [ at position 370 and the second CH3 domain comprises
a K at position 411. In some embodiments, first CH3 domain comprises a K at position 411 and the
second CH3 domain comprises an E at posttion 370, or the first CH3 domain comprises an E at
position 370 and the second CH3 domain conmprises a K at position 411, In some embaodiments,
first CH3 domain comprises an R at posttion 411 and the second CH3 domain comprises a D at
positton 370, or the first CH3 domain comprises a 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 T41 1K 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.

{00118} In some embodiments, the first CH3 domain comprises a positively charged residue at
position 364 and the second CH3 domain coraprises 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 corprises a D at position 370 and the second CH3 domain comprises
a K at position 364. In some embodiments, first CH3 domain comprises a K 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 cornprises 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, {irst CH3 domain comprises an R at

position 364 and the second CH3 domain comprises an E at position 370, or the first CH3 domain
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comprises an E at position 370 and the second CH3 domain comprises an R at position 364 In
some embodiments, the first CH3 domain comprises 5364K substitution and the second CH3
domain comprises K370D substitution, or the first CH3 domain comprises K370D substitulion and
the second CH3 domain comprises S364K substitution.

{80119} In some embodiments, the first CH3 domain comprises a positively charged residue at
position 356 and the second CH3 domain cormprises 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 336, In some embodiments, first
CH3 domain comprises a K at position 356 and the second CH3 domain comprises a D at position
439, or the first CH3 domain corprises a I3 at position 439 and the second CH3 domain comprises
a K at position 356. In some embodiments, first CH3 domain comprises a 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 cornprises a K at position 356. In some embodiments,
first CH3 domain comprises an R at position 336 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 356K substitition and the second CH3
domain comprises K439D substitution, or the first CH3 domain comprises K439D substitution and
the second CH3 domain comprises D356K substitution.

[00120] 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 atf 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
positton 357 and a positively charged residue at position 411, In some embodiments, the fivst CH3
domain comprises E357K and T41 1K substitutions and the second CH3 domain comprises L351D
and K370D substitutions, or the first CH3 domain comprises L3510 and K370D substitutions and

the second CH3 domain comprises E3STK and T41 1K substitutions.
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{00121] 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 anegatively charged residue af position 351 and a negatively charged residue at postiion
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 postiion 357 and a positively charged residue at position 364, In some
embodirments, the first CH3 domain comprises E357K and $364K substitutions and the second
CH3 domain comprises L351D and K370D substitutions, or the first CH3 domain comprises
L3510 and K370D substitutions and the second CH3 domain comprises E35TK and S364K
substitutions.

{60122]  In some embodiments, the first CH3 domain comprises a positively charged residue at
position 356, a positively charged residue at position 357, and a positively charged residue at
position 364 and the second CH3 domain cornprises 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 position 370, and a negatively charged residue ai position 439 and the second CH3
domain comprises a positively charged residue at position 356, a posilively charged residue at
position 357, 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
L3510, K370D and K439D0 substitutions, or the first CH3 domain comprises L3510, K370D and
K439D substitutions and the second CH3 domain comprises D3356K, E357K and S364K

substitutions.

Other nuitations
[00123]  The CH3 domains or the Fc regions described herein may further comprise engineered

disutfide bonds and/or sall bridges listed in Table B below.

Table B. Exemplary Fo mutations.

Mutation{s} in first polypeptide chain Mutation{s) in second polypeptide chain
F4035L K409R
S364H, F405A Y3497, T394F
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L3080, K3708

T366W

T3668, L368A, Y407V

S354C, T366W

Y3490, T3668, L30EA, Y407V

T350, 1351, F405, Y407
T350 is T350V, T350L T350L or T350M
L3515 L3S1Y

F450 is F450A, F450V, F450T or F4508
Y407 is Y40TV, Y40TA or Y4071

T350, T366, K392, T3%4

T3501s T350V, T3501, T350L or T350M
T3661s T366L, T366L, T366V or T3I66M
K392 1s K392F, K392L or K392M

T394 13 T394W

DB3OYK, E356K

K409D, K392D

D22Z1E, P223E, L363E

D221R, PZZ8R, K409R

C223E, E225E. P228E, L368E

C223R, EZ23R, P228R, K409R

H435R

MNone

K196Q, 5228, F290Y, E336K, R409K,

K196Q, §228P, F296Y, R409K, K439E, L.445P

H435R, L445P

K409W D3399V/F405T

K360E J347R

Y 349C/K360E/K409W Q347R/8354C/D39%V/F405T
K360E/KAGOW Q347R/D39YV/F405T
Y3408/K400W E3STW/D399V/F405T
Y34985/8354C/K400W Y349C/E35TW/D399V/F405T
T360K L3510

Y349E or D and L3G68E L3511k

Y340C/ T366W D356/ T3668/L368A/Y407TV/F405K

Y349C/T366W/F405K

D356C/T3668/L36G8A/Y40TV

Y349C/T366W/K409E

D356C/TI668/L368A/Y407V/F405K

Y349C/T3I66W/K409A

D3356C/T3668/L368A/Y407V/F405K

S364K L3630
S364K 3708

F403K K409F

F405R KA409F
S364K/K409F L.368D/F405R
S364K/K409F K3705/F405R
S364K/K409W K3708/F405R

K370E or E356K and K409R

E357K and K409R or K370E

347/349/350/351/366/368/370/407
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349 351/354/357/360/364/366/368/407
P395K/P396K/V397K T394D/P395D/P396D
F405SE/Y40TE/K409E F405K/ Y407
M4285/N4345/Y436H H435R

{00124]  In some embodiments, the first CH3 domain further comprises a C at position 392 and
the second CH3 domain comprises a T at position 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 K392C substitution.

[80125]  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 € at
position 354 and the second CH3 domain comprises a C at position 394, In some embodiments, the
first CH3 domain further comprises Y394 sabstitution and the second CH3 domain further
comprises S354C substitution, or the first CH3 domain further comprises S354C substitution and
the second CH3 domain further comprises Y394 substitution.

{80126] In some embodiments, the first CH3 domain further comprises a € at position 356 and
the second CH3 domain comprises a C at position 349, or the first CH3 domain comprises aC at
position 349 and the second CH3 domain cormprises a C at posttion 356. In some embodiments, the
first CH3 domain further comprises D356 substitution and the second CH3 domain further
comprises Y349C substitution, or the first CH3 domain further comprises Y349C substitution and
the second CH3 domain further comprises D356C substitution.

{80127}  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,

{00128]  In some embodiments, the first CH3 domain further comprises L3680 and K3708
substitutions and the second CH3 domain further comprises E337(3 and S364K substitutions, or the
first CH3 domain further comprises E357( and S364K substitutions and the second CH3 domain

further coraprises L368D and K3708S substitutions.
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[00129]  In some embodiments, the first CH3 domain further comprises L351K and T366K
substitutions and the second CH3 domain further comprises L351D and L368E substitutions, or the
first CH3 domain further comprises L3511 and L363E substitutions and the second CH3 domain
further comprises L351K and T366K substitutions.

{80136} In some embodiments, the first CH3 domain further comprises P395K, P396K and
V397K substitutions and the second CH3 domain comprises T394D, P395D and P396D
substitutions, or the first CH3 domain further comprises T39413, P395D and P39613 substitutions
and the second CH3 domain further comprises P395K, P396K and V397K substitutions.

{00131} In some embodiments, the first CH3 domain further comprises F405E, Y407E and
KA409E substitutions and the second CH3 domain comprises F40SK and Y407K substitulions, or
the first CH3 dormain further comprises F405K and Y407K substitutions and the second CH3
domain further comprises F403E, Y407E and K409E substitutions.

[80132] The heterodimeric proleins comprising engineered CH3 domains disulfide bonds and/or
salt bridges described herein may further comprise one or 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 tmmunoglobulin polvpeptides (e.g., heavy chain polvpeptides) each comprise an
mterface. An interface of one tmmunoglobulin polypeptide mteracts with a corresponding interface
on the other immunoglobulin polypeptide, thereby allowing the two immunoglobulin polypeptides
{o associate. These interfaces may be enginesred such that a “knob” or “protuberance” {these terms
may be used interchangeably herein) located 1 the interface of one immumoglobulin polypeptide
corresponds with a “hole” or “cavily” (these terms may be used interchangeably herein} located in
the interface of the other immunoglobulin polypeptide. In some embodiments, the hole is of
identical or similar size to the knob and suitably positioned such that when the two interfaces
mieract, the knob of one interface is positionable in the corresponding hole of the other interface.
Without wishing to be bound to theory, this 15 thought to stabilize the heteromultimer and favor
formation of the heteromultimer over other species, for example homomultimers. In some
embodiments, the KIH approach is used in combination with the engineered disutfide bonds and/or
salt bridges described heremn to promote the heteromultimenzation of two different
immunoglobulin polypeptides, creating a bispecific antibody comprising two immunoglobulin
polypeptides with binding specificities {for different epitopes. In some embodiments, the CH3

domains of the heterodimeric protein described herein do not comprise KIH residues.
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[00133]  In some embodiments, the first CH3 domain further comprises T3368, L368A 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 13368, L368A and Y407V substitutions.

{80134} In some embodiments, the first CH3 domain comprises L368Y 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 L368V and Y407V substitutions.

[ii. Multispecific antibodies

[00135] In some embodiments, the heferodimeric protein described herein is a multispecific
antibody, such as a bispecific antibody or a trispecific antibody.

{60136]  In some embodiments, there i3 provided a multispecific antibody comprising a first
polypeptide comprising a first CH3 domain and a first target binding motety {TBM). a second
polypeptide comprising a second {H3 domain and a second TBM, wherein the first CH3 domain
and the second CH3 domain comprise any one or combination of the engimeered disulfide bonds or
salt bridges described herein, wherein the first TBM specifically binds to a first target, and wherein
the second TBM specifically binds to a second target that is different from the first target. In some
embodiments, the TBM 15 an antigen-binding domain. In some embodiments, the TBM s ascFv or
a VHH. In some embodiments, the first CH3 domain comprises N390C substitution and the second
{'H3 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 E3537K, S364K 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 S400C
substitutions. In some embodiments, the first CH3 domain comprises D356K, E357K, 8364K and
N390C substitutions and the second CH3 domain comprises L351D, K370D, K4391 and S400C
substitutions, or the first CH3 domain comprises L3515, K370, K439D and 8400C substitutions
and the second CH3 domain comprises D356K, E357K, $364K and N390C substitutions. In some
embodiments, the first CH3 domain comprises D356K, E357K, 364K and S400C substitations
and the second CH3 domain comprises L3510, K370D, N390C and K439D substitutions, or the
first CH3 domain comprises L3351, K370D, N390C and K439D substitutions and the second CH3
domain comprises D356K, HE357K, 8364K and 85400C substitutions. In some embodiments, the

multispecific antibody comprises an IgGl Feregion, such as an IgGt Fc having an N297A
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substitution. In some embodiments, the multispecific antibody comprises an 1g(G4 Fc region, such
as an 1gG4 having a S228P substitution.

{00137 In some embodiments, there i3 provided a multispecific antibody comprising a first
{'H3 domain, a second polypeptide comprising a second CH3 domain, a third polypeptide. and a
fourth polvpeptide, wherein the first CH3 domain and the second CH3 domain comprise any one or
combination of the engineered disulfide bonds or salt bridges described herein, wherein the {irst
polypeptide is a first antibody heavy chain, the second polypeptide 1s a second antibody heavy
chain, the third polyvpeptide is a first antibody light chain, and the fourth polvpeptide is a second
antibody light chain, wherein the first polvpeptide and the third polvpepiide associate to form a
first antigen binding site that specifically binds a first target, and the second polypeptide and the
fourth polypeptide associate to form a second antigen binding site that specifically binds a second
{arget that is different from the first target. In some embodiments, the first CH3 domain comprises
N390C substitation and the second CH3 domain comprises S400C substitution, or the first CH3
domain comprises S400C substitution and the second CH3 domain coraprises N390C substitution.
In some embodiments, the first CH3 domain comprises 357K, §364K and 8400C substitutions
and the second UH3 domain comprises L3510, K370D, and N390C substitutions, or the first CH3
domain comprises L3510, K370D, and N390C substitutions and the second CH3 domain
comprises E3537K, 8364K and S400C substitutions. In some embodiments, the first CH3 domain
comyrises 356K, B357K, 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, E357K,
8364K and N390C substitutions. In some embodiments, the first CH3 domain comprises D356K,
E357K, S364K and S400C substitutions and the second CH3 domain comprises L3510, K370D0,
N390C and K439D substitutions, or the first CH3 domain comprises L351D, K370D, N39GC and
K439D substitutions and the second CH3 domatn comprises D356K, E357K, S364K and $400C
substitutions. In some embodiments, the multispecific antibody comprises an IgG1 Fe region, such
as an Ig(Gl Fc having an N297A substitution. In some embodiments, the multispecific antibody
comprises an Tg(G4 Fe region, such as an IgG4 having a S228P substitution,

[80138]  In some embodiments, there 1s provided a multispecific 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 the first CH3 domain and the
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second CH3 domain comprise any one or combination of the engineered disulfide bonds or salt
bridges described herein, wherein:

(1) the {irst polvpeptide comprises a structure represented by the formula;

VHI-CH1-hinge-CH2-first CH3;
{11} the second polvpeptide comprises a structure represented by the formula:
VH2-CH1-hinge-CH2-second CH3;
(111} the third polypeptide comprises a structure represenied by the formula:
YVL1-CL; and
(iv) the fourth polypeptide comprises a structure represented by the formula;
VL2-CL:

whereirn:

VL1 18 a first immunoglobulin light chain vanable domain;

VH1 i3 a first immunoglobulin heavy chain variable domain;

V1.2 is a second immunoglobulin light cham variable domain;

YVH2 is a second immunoglobulin heavy chain variable domain;

CL 1s an immunoglobulin light cham constant domain;

CHI s an immunoglobulin heavy chain constant domain 1

CH?Z 15 an imrounoglobulin heavy chain constant domain 2;

hinge is an imomnoglobulin hinge region connecting the CHI and CH2 domains;

wherein VL1 and VHI associate to form a first Fv that specifically binds to a first target; and
wherein VL2 and VH2 associate to form a second Fv that specifically binds to a second target. In
some embodiments, VL1 is identical to VL2 {e.g., the multispecific antibody is a common light
chain antibody). In some embodiments, VL1 1s different from VL2. In some embodiments, the first
CH3 domain comprises N390C substitution and the second CH3 domain comprises S400C
substitution, or the first CH3 domam comprises 8400C substitution and the second CH3 domain
comprises N390C substitution. In some embodiments, the first CH3 domain comprises E357¥K,
$364K and S400C substitutions and the second CH3 domain comprises L3515, K370D, and N390C
substitutions, or the first CH3 domain comprises L351D, 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, §364K 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
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D336K, E357K, 8364K and N390C substitutions. In some embodiments, the first CH3 domain
comprises D356K, E35TK, 8364K and 8400C substitutions and the second CH3 domain comprises
L3510, K370D, N390C and K439D substitutions, or the first CH3 domain comprises L3510,
K3700, N390C and K439D substitutions and the second CH3 domain comprises 356K, 357K,
S364K and S400C substitutions. In some embodiments, the multispecific antibody comprises an
Ig(G1 Feregion, such as an IgGl Fe having an N297 A substitulion. In some embodiments, the
nmultispecific antibody comprises an fgG4 Fc region, such as an 1gG4 having a S228P substitution. In
some embodiments, the first target is PDL1 and the second target is £I3137, or the first target is
CD137 and the second target is PDLI.
001391  In some embodiments, there i3 provided a multispecific antibody comprising a first
polypeptide comprising a first CH3 domamn, a second polypeptide corprising a second CH3
domain, a third polypeptide, and a fourth polypeptide, wherein the first CH3 domain and the
second CH3 domatn comprise any one or combination of the engineered disulfide bonds or salt
bridges described herein, wherein:

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

VHI-CHI-hinge-CH2-first CH3-L1-scFvl;
(11} the second polypeptide comprises a structure represented by the formula:
VH2-CHI-hinge-CH2-second CH3-L2-scFvZ;
(111} the third polvpeptide comprises a structure represented by the formula:
VL1-CL: and
(iv) the fourth polypeptide comprises a structure represented by the formula:
YVEZ-CL;

whergin:

VLT 1s a first immunoglobulin light chain variable domain;

VHI1 is a first imnumnoglobulin heavy chain varnable domain;

VL2 is a second immunoglobulin light chain variable domain;

VH2 s a second immunoglobulin heavy chain variable domain;

scFvl 1s a first single-chain vanable fragment;

scFv2 1s a second single-chain varnable fragment;

CL 1s an immmunoglobulin light chain constant domain;

CHI s an immunoglobulin heavy chain constant domain 1

CH?Z 15 an imrounoglobulin heavy chain constant domain 2;
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hinge is an immunoglobulin hinge region connecting the CHI and CHZ domains; and L1

and L2 is each independently a bond or a peptide linker;
wherein VL1 and VH1 associaie to form a first Fv that specifically binds to a first target; wherein
VL2 and VH2 associate to form a second Fv that specifically binds to a second target; wherein scFvi
specifically binds to a third target; and wherein scFv2 specifically binds to a fourth target. In some
embodiments, the heterodimeric protein is a bispecific antibody, wherein the first target and the
second target are the same, and the third target and the fourth target are the same. In some
embodiments, the heterodimeric protein is a trispecific antibody, wherein the third target and the
fourth target are the same or the first target and the second target are the same. In some
embodiments, the heterodimeric protein 15 a tetraspecific antibody. In some embodiments, VL1 is
identical to VL2 {e.g., the raultispecific antibody is a comumon light chain antibody). In some
embodiments, VL1 is different from VL2, In some embodiments, the first CH3 domain comprises
N390C substitation and the second CH3 domain comprises S400C substitution, or the first CH3
domain comprises S400C substitution and the second CH3 domain coraprises 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 L3510, K370D, and N390C substitutions and the second CH3 domain comprises E357K,
S8364K and $400C substitutions. In some embodiments, the first CH3 domain comprnises D356K,
E357K, 8364K and N390C substitutions and the second CH3 domain comprises L3510, K370D,
K4390 and S400C substitutions, or the first CH3 domain comprises L3510, K3700, K439D and
S400C substitutions and the second CH3 domain comprises D356K, E357K, S364K and N390C
substitutions. In some embodiments, the first CH3 domain comprises D356K, E357K, 8364K and
5400C substitutions and the second CH3 domain comprises L351D, K370D, N390C and K439D
substitutions, or the first CH3 domain comprises L3510, K370D, N390C and K43913 substitutions
and the second CH3 domain comprises D356K, E357K, 8364K and $400C substitutions. In some
embodiments, the multispecific antibody comprises an [g(G1 Fc region, such as an Ig(G1 Fc¢ having an
N297 A substitution. In some embodiments, the multispecific antibody comprises an fg(G4 Fe region,
such as an [gG4 having a S228P substitution,
{80140]  In some embodiments, there 1s provided a multispecific antibody comprising a first
polypeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain and a first target binding motety {(TBM) that specifically binds a first target, and a third

polvpeptide, wherein the first CH3 domain and the second CH3 domain comprise any one or
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combination of the engineered disuifide bonds or salt bridges described herein, wherein the first
polvpeptide and the third polvpeptide associate io form a second antigen binding site that
specifically binds a second targetl. In some embodiments, the {irst target binding moiety (TBM)is a
scFv or a VHH. In some embodiments, the first CH3 domain comprises N390C substitution and
the second CH3 domain comprises 5400C 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, §364K and S400C substitutions and the second CH3 domain
comprises L3510, K370D, and N390C substitutions, or the first CH3 domain comprises L3511,
K370, and N390C substitutions and the second CH3 domain comprnses E357K, 5364K and
S400C substitutions. In some embodiments, the first CH3 domain comprises D336K, E357K,
8364K and N390C substitutions and the second CH3 domain comprises L351D, K370D, K439D
and S400C substitutions, or the first CH3 domain comprises L3510, K370D, K439D and 540G0C
substitutions and the second CH3 domain comprises D356K, E357K, 8364K and N39GC
substitutions. In some embodiments, the first CH3 domain comprises D356K, E357K, 8364K and
S400C substitutions and the second CH3 domain comprises L3515, K370D, N390C and K439D
substitutions, or the first CH3 domain comprises L3510, K370, N390C and K4390 substitutions
and the second CH3 domain comprises D356K, E357K, S364K and 5400C substitutions. In some
embodiments, the nultispecific antibody coraprises an IgGl Fe region, such as an IgG1 Fe having
an N297A substitution. In some embodiments, the multispecific antibody comprises an IgG4 Fe
region, such as an Ig(G4 having a S228P substitution. In some embodiments, the first target is
PDLT and the second target is CD137. In some embodiments, the first target 1s CD137 and the
second target is PDL1. In some embodiments, the first target is CD137 and the second target is
CTLA4. In some embodiments, the first target 1s CTLA4 and the second target is PDL1
001411 In some embodiments, there i3 provided a multispecific antibody comprising a first
polypeptide comprising a first CH3 domain, a second polypeptide, and a third polypeptide, wherein
the first CH3 domain and the second CH3 domain comprise anv one or combination of the
engineerad disulfide bonds or salt bridges described herein, wherein:
(i} the first polypeptide comprises a structure represented by the formula:
VH-CH l-hinge-CH2-first CH3;
(11} the second polypeptide comprises a structure represented by the formula:
scFv-hinge-CH2-second CH3: and

(111} the third polypeptide comprises a structure represented by the formula:
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VL-CL;

whergin:

VL is an immunoglobulin light chain variable domain;

VH 15 an immunoglobulin heavy chain variable domain;

scFv is a single-chain vanable fragment;

CL is an immunoglobulin light chain constant domain;

CH1 1s an immunoglobulin heavy chain constant domain 1

CH2 is an immunoglobulin heavy chain constant domain 2; and

hinge is an immunoglobulin hinge region connecting the CH1 and CHZ domains;
wherein VL and VH associate to form an Fv that specifically binds to a fivst target; and
wherein the scFv specifically binds to a second target. In some embodiments, the first CH3 domain
comprises N390C substituiion 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, 8364K and $400C
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 E3587K, 5364K and $400C substitutions. In some embodiments, the {irst CH3
domain comprises D356K, E357K, 8364K and N390C substitutions and the second CH3 domain
comprises L3510, K370D, K439D and S400C substitutions, or the first CH3 domain comprises
L3510, K370D, K439D and 5400C substitutions and the second CH3 domain comprises D356K,
E357K, 8364K and N390C substitutions. In some embodiments, the first CH3 domain comprises
D356K, E357K, 8364K and 8400 substitutions and the second CH3 domain comprises L3510,
K370D, N390C and K439D substitutions, or the first CH3 domain comprises L3510, K3700,
N390C and K439D substitutions and the second CH3 domain comprises D356K, E357K, 364K and
S400C substitutions. In some ernbodiments, the multispecific antibody comprises an IgG1 Fe region,
such as an [gG1 Fc having an N297A substitution. In some embodiments, the multispecific antibody
comprises an 1g(G4 Fe region, such as an 1g(G4 having a S228P substitution. In some embodiments,
the scFv is hinked to the hinge in the second polypeptide via a linker, such as a peptide linker
comprising the amino acid sequence of SEQ 1D NO: 80 or 81, In some emboduments, the first target
15 CD3 and the second target is a tumor antigen {(2.g., HER2}. In some embodiments, the first target

is a tumor antigen {e.g., HER2) and the second target 1s CD3.
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{00142]  In some embodiments, the multispecific antibody comprises one or more antibody
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 hurnan Hight chain constant region is
of an 1sotype selected from x and 3. In some embodiments, the multispecific antibody comprises a
human 1gG constani region. In some embodiments, the multispecific antibody comprises a human
1g(G4 heavy chain constant region. In some embodiments, the mullispecific antibody comprises a
human 1g(G1 heavy chain constant region. In some such embodiments, the multispecific antibody
comprises an S228P mmtation in the human Ig(G4d constant region. In some embodiments, the first
polypeptide and the second polypeptide further comprises S228P substitution.

001431  Whether or not effector function is desirable may depend on the particular method of
treatment intended for a multispecific antibody. In some embodiments, when effector function is
desirable, a multispecific antibody comprising a human 1gG1 heavy chain consiant region or a
human 1g(G3 heavy chain constant region 1s selected. In some embodiments, when effector function
15 not desirable, a multispecific antibody comprising a human IgG4 or IgG2 heavy chain constant
region is selected. In some embodiments, the multispecific antibody comprises a human IgG1
heavy chain constant region comprising one or more nuuations that reduces effector function. In
some embodiments, the multispecific antibody cornprises an IgGl heavy chain constant region
comprising an N297 A substitution. In some embodiments, the first polypeptide and the second
polypeptide further comprises N297 A substitution.

{80144} Any of the multispecific antibodies described herein can specifically bind at least iwo
different targets, or epitopes. The at least two different epitopes recognized can be located on the
same antigen, or on different antigens. In some embodiments, the antigens are cell surface
molecules. In some embodiments, the antigens are exiracellular molecules.

[00148]  In some embodiments, the first target, second target, third target and/or fourth targetis a
cell surface antigen. In some embodiments, the cell surface antigen is an antigen on inwoune
effector cells, such as T cells (e g., helper T cells, cytotoxic T cells, memory T cells, efc.), B cells,
macrophages, and Natural Killer (NK) cells. In some embodiments, the cell surface antigenisaT
cell surface antigen, such as CD¥3,

[80146]  In some embodiments, the cell surface antigen is a fumor antigen. Tumor antigens are
proteins that are produced by tumor cells that can elicit an iomune response, particularly T-cell
mediated 1mmune responses. In some embodiments, the tumor antigen 15 a tumor-specific antigen

(TSA} or a tumor-associated antigen {TAA). A TSA is unique to tumor cells and does not occur on
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other cells in the body. A TAA associated antigen is not unique 1o a tumor cell, and instead is 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
inmmune 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 much higher levels on tumor cells.

[00147] Non-limiting examples of TSA or TAA antigens include the following: Differentiation
antigens such as MART-1/MelanA (MART-1}, gp 100 (Pmel 17), tyrosinase, TRP-1, TRP-Z and
tumor-specific multilineage antigens such as MAGE-1, MAGE-3, BAGE, GAGE-1, GAGE-2, pl5;
overexpressed embryonic antigens such as CEA; overexpressed oncogenes and mutated tumor-
suppressor genes such as p53, Ras, HERZ/neu; unique tumor antigens resulting from chromosomal
ranstocations; such as BCR-ABL, E2A-PRL, H4-RET, IGH-IGK, MYL-RAR, and viral antigens,
such as the Epstein Barr virus antigens EBV A and the human papillomavirus (HPV) antigens E6
and E7. Other large, protein-hased antigens include TSP-180, MAGE-4, MAGE-5, MAGE-6,
RAGE, NY-ES50, pi8SerbB2, pl80erbB-3, ¢c-met, nm-23HI, PSA, TAG-72, CA 19-9, CA 72-4,
CAM 17.1, NuMa, K-ras, beta-Catenin, CBK4, Mum-1, p 15, p 16, 43-9F, 5T4, 791Tgp72, alpha-
fetoprotein, beta-HCG, BCAZ25, BTAA, CA 125, CA 15-3\CA 27 29BCAA, CA 195, CA 242,
CA-50, CAMA43, CD68\PL, C0O-029, FGE-5, G250, Ga733\EpCAM, HTgp-175, M344, MA-50,
MG7-Ag, MOV1E, NB/70K, NY-CO- 1, RCAS 1, SBCCAGI6, TA-90\Mac-2 binding
proteinicyclophilin C-associated protein, TAALG, TAGT2, TLP, and TPS.

[00148]  In some embodiments, the first, second, third and/or fourth target is an immune
checkpoint molecule. In some embodiments, the immune checkpoint molecule is a stimulaiory
immine checkpoint molecule. Exemplary stimutatory immume checkpoint molecules include, but
are not limited to, CD28, OX40, 1COS, GITR. 4-1BB, CD27, CD40, CD3, HVEM, and TCR (e.g..
MHC class [ or class 1 molecules). In some embodiments, the immune checkpoint molecule is an
mhibitory immune checkpoint molecule. Exemplary inhibitory immune checkpoint molecules
mclude, but are not hmited to, CTLA-4, TIM-3, A2a Receptor, LAG-3, BTLA, KIR, PD-1, IDO,
CD47, and higands thereof such as B7.1, B7.2, PDL1, PD-L2, HVEM, B7-H4, NKTR-218, and
SIRP-alpha receptor.
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Target binding meiety (TBM)

[00149] In some embodiments, the target binding moiety (TBM) comprises an antibody light
chain variable region (VL) and/or an antibody heavy chain variable region (VH). In some
embodiments, the TBM comprises a VL. In 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, CTLA4, CD137, PD1, PDL1, PDL2, LAG3, TIM3, B7-H3, OX40, CD3,
CDI9, CD20, CD40, CD95, CDi20a, BTLA, VISTA, ICOS, BCMA, HERIL HER2, HER3, and/or
B7-H4.

[00158]  In some embodiments, the TBM is an antigen binding fragment, including, but not
himited to: (1) a Fab fragment, which 15 a monovalent fragment consisting of the VL, VH, CL and
CHI domains; (11} a F(ab")2 fragment, which is a bivalent fragment comprising two Fab {ragments
linked by a disulfide bridge at the hinge region; (111} a Fd fragment consisting of the VH and CHI
domains; {1v} a Fv fragment consisting of the VL and VH domains of a single arm of an antibody;
{v)a dAb fragment (Ward et al., (1989) Nature 341 :544-546), which consists of a VH domain; (vi)
an isolated CDR, and (vii) single chain antibody (scFv). which is a polypeptide comprising a V0L
region of an antibody linked to a VH region of an antibody (see e.g., Bird et al. (1988} Science
242:423-426; Huston et al. {1988) Proc. Natl. Acad. Sci. USA 85:5879-5883).

[00151]  In some embodiments, the TBM is a scFv comprising from the N-termnus to the C-
terminus: VL-L1-VH, wherein L1 is a peptide linker. In some embodiments, the TBM is a scFv
comprising from the N-terminus to the C-termunus: VH-L1-VL, wherein L1 is a pepiide linker. In
some ernbodiment, L1 comprises the amino acid sequence of SEQ 1D NO: 82, In some
embodiments, the TBM is a scFv comprising an engineered disulfide bond between VH and VL,
such as between {44 of VH and C100 of VL, wherein the numbering 15 based on Kabat
numbering. In some embodiments, the scFv comprises a first cysieine residue at posilion 44 in the
VH and a second cystemne residue at position 100 in the VL, wherein the first cystemne residue and
the second cysteine residue form a disulfide bond, and wherein the numbering is based on Kabat
numbering.

[80152]  In some embodiments, the TBM comprises a full-length antibody light cham and/or a
fuli-length antibody heavy chain. The antibody light chain may be a kappa or lambda hight 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, TeG2, 1gG3, or IgG4
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subclass. An antibody heavy chain described herein may be converted from one class or subclass to
another class or subclass using methods known in the art.
001531 The mudtispecific antibodies deseribed herein may comprise TBMs derived from any

suitable antibodies targeting antigens of interest. The TBMs described herein may incorporate any

of the UDR sequences {e.g, one, two, or three of the heavy chain variable region CDR sequences,

and/or one, two, or three of the light chain variable region CDR sequences), heavy chain variable

region sequences, and/ or light chain variable region sequences of any of the antibodies described

in WO2019/036856, WO2019/036842, W(O2019/036855, W0O2019148444, WO2019185035,

WO2019036855, which are incorporated herein by reference in thetr entirety. Table C below

shows antibody CDRs, VH, VL, scFv sequences of exemplary TBMs thereof described heretn,

Table C. FExemplary multispecific antibodies

SEQ

D Antibody sequence | Amino acid sequence (underlined are CDR sequences)

NO

37 PDL1 CDR-HI YSISSGYYWG

38 PDLI CDR-H2 GHYPSGGUTNY AQKFQG

39 PDL1 CBR-H3 GGGLGFDY

40 PBL1 CDR-Li RASQSIPSFLN

41 PDLI CDR-L2 AASSLGS

42 PDL1 CDR-L3 QHYISWPROFT

43 PDL1 VH EVOIVESGGGLYQPGGSLRLSCAASGYSISSGYYIWGWIR(AP
GRGLEWIGH YPSGGGINYACK FOGRVTISRDNSKNTLYLQL
NSLRAEDTAVYYCARGGGLGFDYWGQUGTLVTIVSS

44 PDLI VL DIQLTQSPSSLSASVOGDRVTITCRASOSIPS FLNWYQOKPGKA
PRLLIYAASSLOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYY
COHYISWPROFTFGOQGTREVEIRR

45 CD137 COR-HI FSLSTGGVGVG

46 CB137 CDR-H2 ALIDWADDEKYYSPSLKS

47 CPB137 CDR-H3 GGSDTVIGDWEFAY

4R CD137 CDR-L1 RASQSIGSYLA

49 CB137 CDR-L2 DASNLET

58 CB137 CDR-L3 QOGYYLWT
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51 CD137VH EVOLVESGGGLYQPGGSLRLSCAASGESLSTGGVGYGWIRO
APGRGLEWLALIDWADDK VYVSPSL ASRUTISRONSKNTLY LG
IENSLRAEDTAVYYCARGGSDIVIGDWEFAYWGOGTLVTVSS

52 CD137 VL DIQLTQSPSSLSASVGDRVTITCRASOSIGEYLAWY QQKPGKA
PKLLIYBASNLETGVPSRESGSGSGTDFTLTISSLOPEDFATYY
COOGYYEWTFGOOGTRKVEIKR

33 CTLA4 CDR-HY YSISSGYHWS

54 CTLA4 CDR-H2 ARIDWDDDKYYSTSLES

55 CTLA4 CDR-H3 SYVYFDY

36 CTLA4 CDR-L1 RASQSYRGRFLA

57 CTLA4 CDR-L2 DASNRAT

58 CTLA4 CDR-L3 QOQS5SWPPT

59 CTLA4 VH EVQLVESGGGLVQPGGSLRLSCAASGYSISSGYHWSWIRQAP
GRGLEWLARIDWBDDEKYYSTSELSRUTISRDNSKNTLYLOQLN
SLRAEDTAVYYCARSYVVFRYWOGOGTIVTVSS

60 CTLA4 VL DIQLTQSPSSLSASVODRVTITCRASOSVRGRFLAWY QQKPG
KAPKLLIY DASNRATGIPSEFSGSGSGTDFTLTISSLOPEDFAY
YYCOOSSSWPPTFGOOTKVEIKR

Gl CD3 CDR-H1 FIFNTY AMN

62 CD3 CDR-H2 GRIRSKYNNYATYYADSVKG

63 b3 CDR-H3 HONFGNSYVEWFAY

64 CD3 CDR-L1 GASTGAVTTENY AN

65 CD3 CDR-L2 GTNKRAP

66 D3 CDR-L3 WYSNLWV

67 CD3VH EVQLVESGGGLVOQPGGSLRLSCAASGETFNTYAMNWYROA
POGKGLEWVGRIRSKYNNYATYYADSVEGRFTISRDDSKNTLY
LOMNSLRAEDTAVYYCVREGNFOGNSYVSWEAYWGOGTLVT
V§SSs

68 CD3 VL QAVVTOQEPSLTVSPGGTIVTLTCGSSTGAV TTENYANWYQQKP
GUAPRGLIGGINKRAPGVPARFSGSLLGGRKAALTLSGAQPED
EAEYYCALWYSNIWVFGGOGTKLTVL

69 HER2 CDR-H1 FNIKDTYIH

70 HERZ CDR-H2 ARIYPTNGYTRYADSVKG

71 HER2 CDR-H3 WGGDGFYAMDBY

72 HERZ CDR-L1 RASQDVNTAVA

73 HER2 CDR-L2 SASFLYS

74 HER2 CDR-L3 QOQHYTTPPT

52




WO 2021/148006

PCT/CN2021/073347

75

HER2Z VH

EVOLVESGGGLVQPGGSLRLSCAASGENIKDTYIHWVRQAP
GRGLEWVARIVPINGYTRYADSVEKGRFTISADTSKNTAYLQ
MNSLRAEDTAVYYCSRIWGGDGEYVAMDYWGQUGTLVTVSS

HERZ VL

DIOMTOSPSSLSASVGDRVTITCRASODVNTAVAWYQOQKPG
KAPKLLIYSASFL VSGVPSRESGSRSGTDFTLTISSLQPEDFAT
YYCQOOHYTTPPTFGOGTKVEIKR

77

anti-PDL1T scFy

EVOLVESGGGLYQPGGSLRLSCAASGY SISSGY YWGWIRQA
PGKGLEWIGHYPSGGGTNYAQKFQGRVTISRDNSKNTLYLQ
LNSLRAEDTAVYYCARGGGLGFDYWGQGTLYTVSSGGGGS
GGOGSGOGGSGGGGSDIGLTQSPSSLSASVGDRVTITCRASO
SIPSFLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGSGSGTD
FTLTISSLOPEDFATY YCQHYISWPROQFTFGOGTKVEIKR

78

anti-C137 scFv

EVOLVESGGGLVQPGGSLRLSCAASGEFSLSTGGVGYGWIRQ
APGKGLEWLALIDWADDRKYYSPSLKSRLTISRDNSKNTLYL

QLNSLRAEDTAVYYCARGGSDTVIGDWFAYWGQGTLVTVS
SGGGGSGGOGESGGGGSGGOGGSDIQLTOSPSSLSASYVGDRVT]
TCRASGSIGSY LAWY QOQKPGKAPKLLIYDASNLETGVPSRES
GSGSGTDFTLTISSLOPEDFATYYCQOQGYYLWTFGQGTRVEL
KR

79

anti-CD3 scFv

QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNY ANWY(Q()
KPGQAPRGLIGGTNKRAPGVPARFSGSLLGGRKAALTLSGAQ
PEDEAEYYCALWYSNLWVEFGGGTKLTVLRGGGGSGGGES
GGGGSGGGGSEVOLVESGGGLYQPGGSLRLSCAASGEFTENT
YAMNWVYVRQAPGKGLEWVGRIRSKYNNYATYYADSVKGRFE
TISRDDSKNTLYLOQMNSLRAEDTAVYYCVEHGNFGNSYVS
WFAYWGQGTLVTVSS

83

anti~-CTL A4 seFv

EVQLVESGGGLVOPGGSLRLSCAASGYSISSGYHWSWIRQA
POKGLEWLARIDWDBDDKYYSTSLKSRLTISRENSKNTLYLQ
INSLRAEDTAVYYCARSYVYFDYWGQGTLVTVESGGGGSG
GOOSGGGGSGGOGSDIQLTOSPSSLSASVGDRVTITCRASOS
VYRGRFLAWYQOKPGKAPKLLIYDASNRATGIPSRFSGSGSG
TOFTLUTISSLOQPEDFATYYCQQOSSSWPPTFGQGTKVEIKR

[00154]

in some embodiments, the TBM is an anti-PDL1 antibody or antigen binding domain

thereof, including, e g., a VH, VL, scFv, light chain, or heavy chain {such as gGl, 1gG2, 1gG4).
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Any of the known anti-PD-L1 antibodies may be used in the present invention, see, for example,
U.S. Patent Nos. US7943743, UST7722868, US8217149, US8383796, UJS8552154, and
US9102725; and U.S. Patent Application Publication Nos. US20140341917, and US20150203580;
and International Patent Application No. PCT/US2001/020964. Exemplary anti-PD-L1 antibodies
include, but are not lmited to, BMS935559 (also known as MDX-1105), MPDL3280A,
MEDI4736, Avelumab (also known as MSBOG10713C), KY-1003, MCLA-145, R{G7446 (also
known as atezolizumab). SHR-1316, §T1-3031, ZKABOOL, TQR2450, LY3300054 and 8T1-
Al1010.

[00188] In some embodiments, the TBM comprises a VH comprising an antibody heavy chain
complementarity determining region (CDR-H} | comprising the amino acid sequence of SEQ ID
NO: 37, a CDR-H2 comprising the anino acid sequence of SEQ ID NO: 38, and/or a CDR-H3
comprising the amino acid sequence of SEQ 1D NO: 39, In some embodiments, the TBM
comprises a VL comprising an antibody light chain complementarity determinming region {CDR-L) 1
comprising the amino acid sequence of SEQ 1D NO: 40, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 41, and/or a CDR-L3 comprising the amino acid sequence of SEQ 1D
NQO: 42. In some embodiments, the TBM comprises a VH comprising the amino acid sequence of
SEQ ID NG 43, In some embodiments, the TBM comprises a VL comprising the amino acid
sequence of SEQ 1D NO: 44. In some embodiments, the TBM comprises a scFv comprising the
amino acid sequence of SEQ 1D NO: 77

[08156] In some embodiments, the TBM is an anti-CD 137 antibody or antigen binding domain
thereof, including, e 2., a VH, VL, scFv, light chain, or heavy chain (such as 1gGl, 1gG2, IgG4).
Any of the known anti~CD137 antibodies may be used in the present invention, for example, see,
WO2016/134358. Exemplary anti-CD 37 antibodies include, but are not limited to, Urelumab
{also known as BMS-663513), Utomulumab (also known as PF-05082566), (TX-471, ATOR-1017
and AGEN2373,

{08157}  In some embodiments, the TBM comprises a VH comprising an CDR-HI comprising
the amino acid sequence of SEQ 1D NG: 45, 2 CBR-HZ comprising the amino acid sequence of
SEQ ID NG: 46, and/or a CDR-H3 comprising the amino acid sequence of SEQ ID NG: 47 In
some ernbodiments, the TBM comprises a VL comprising a CDR-LI coroprising the anuno acid
sequence of SEQ 1D NO: 48, a CDR-L2 comprising the amino acid sequence of SEQ D NQ: 49,
and/or a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 50, In some embodiments,

the TBM comprises a VH comprising the amuno acid sequence of SEQ 1D NO: 51, In some
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embodiments, the TBM comprises a VL comprising the amino acid sequence of SEQ ID NO: 52.
In some embodiments, the TBM comprises a scFv comprising the amino acid sequence of SEQ ID
NQO: 78

{08158] In some embodiments, the TBM is an anti-CTL A4 antibody or antigen binding domain
thereof, including, e g, a VH, VL, scFy, light chain, or heavy chain (such as igGl, 1gG2, 12G4).
Auny of the known anti-CTL A4 antibodies may be used in the present invention, including but not
limited to, Ipilimumab (see U.S. Patent Nos. 6,984,720, 7.452,535, 7,605,238, 8,017,114 and
8.142,778), Tremilinmumab (see U.8. Patent No. 6,68,736, 7,109,003, 7,132,281, 7,411,057,
7,807,797, 7,824,679 and 8,143,379} and other anti-CTL A-4 antibodies, such as single chain
antibodies (e.g., see U.S. Patent Nos. 5,311,097, 6051,227 and 7,229,628, US Patent Publication
No, USZ0110044953, US Patent Publication No. US201R8037634, US Patent Publication No.
US2009025274, US Patent Publication No. US2019127468, International Patent Publication No.
WO2019/152413, International Patent Publication No. W(2018209701, International Patent
Publication No. W(O2018/202649 and International Paient Publication No. W02019/152423).
{Other exemplary anti-CTLA-4 antibodies include RG2077, ONC-392, 81002, BCD-145, IBI310,
AGENIS84, AGEN1181 and AGEN2041.

{00159] In some embodiments, the TBM comprises a VH comprising an CDR-HI comprising
the amino acid sequence of SEQ 1D NG 53, a CDR-HZ comprising the amino acid sequence of
SEQ ID NO: 54, and/or a CDR-H3 comprising the amino acid sequence of SEQIDNQO: S5 In
some embodiments, the TBM corprises a VL comprising a CDR-LI comprising the amino acid
sequence of SEQ 1D NO: 56, a CDR-L2 comprising the anuno acid sequence of SEQ D NO: 57,
and/or a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 38. In some embodiments,
the TBM comprises a VH comprising the amino acid sequence of SEQ D NQO: 59, In some
embodiments, the TBM comprises a VL comprising the amino acid sequence of SEQ 1D NO: 60
In some embodiments, the TBM comprises a scFv comprising the amino acid sequence of SEQ 1D
NQO: &3.

[00160]  In some embodiments, the TBM is an anti-CD3 antibody or antigen binding domain
thereof, including, e.g., a VH, VL, scFv, light chain, or heavy chain (such as IgGl, IgG2, 1gG4).
Any of the known anti-CD3 antibodies may be used in the present invention, including but not
limited to, the Cris-7 monoclonal antibody {Reinherz, E. L. et al. {eds.), Leukocyte typing i1,
Springer Verlag, New York, (1986)), BC3 monoclonal antibody {Anasetti et al. (1990) 1. Exp.
Med. 172:1691), OKT3 (Ortho multicenter Transplant Study Group (1985) N. Engl. J. Med.
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313:337) and derivatives thereof such as OKT3 ala-ala (Herold et al. (2003) J. Clin. Invest.
11:409), visilizumab (Carpenter et al. (2002) Blood 99:2712}, and 145-2C11 monoclonal antibody
(Hirsch et al. (1988} I Immunol. 140: 3766), Otelixizumab and Foralamab. Further CD3 binding
molecules contemplated herein include UCHT-1 (Beverley, P C and Callard, R. E (1981 Eur. L
Immunol. 11: 329-334, SP34 (Silvana et. al. (1985) The EMBO Journal 4:337-344 ) and CD¥3
binding molecules described in WO2004/106380; W(2010/037838; WO2Z008/119567;
WO2007/042261;, WO2010/0130918; WO2018/052503;, WO2016/204966.

[00161] In some embodiments, the TBM comprises a VH comprising an CDR-HI comprising
the amino acid sequence of SEQ ID NO: 61, a CDR-H2 comprising the amino acid sequence of
SEQ ID NO: 62, and/or a CDR-H3 compnising the amino acid sequence of SEQ ID NGO 63. In
some embodiments, the TBM coroprises a VL comprising a CDR-LI comprising the amino acid
sequence of SEQ 1D NO: 64, a CDR-L2 comprising the amino acid sequence of SEQ 1D 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 1D NO: 67 In some
embodiments, the TBM comprises a VL comprising the amino acid sequence of SEQ D NO: 68,
In some embodiments, the TBM comprises a scFv comprising the amino acid sequence of SEQ D
NG: 79,

[00162]  In some embodiments, the TBM is an anti-HERZ2 antibody or antigen binding dormain
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
himited to, Herceptin (1998, Cancer Res 58 (13):2825-2831), MDXH210 (Schwaab et al,,

2001 Journal of Immunotherapy . 24(1):79-87), Disitamab (Toxicol Lett. 2019, S0378-
4274(19)30421-7}, Perturumab { Agus DB, Gordon MS, Taylor C, et al. J Chin Oncol.
2005:23(11):2534-2543).

{60163]  In some embodiments, the TBM comprises a VH comprising an CDR-HI comprising
the amino acid sequence of SEQ 1D NGO 69, a CDR-H2 comprising the amino acid sequence of
SEQ ID NG: 70, and/or a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 71. In
some embodiments, the TBM comprises a VL comprising a CDR-LI comprising the amino acid
sequence of SEQ 1D NO: 72, a CDR-L2 comprising the amino acid sequence of SEQ 1D NQO: 73,
and/or a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 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 anuno acid sequence of SEQ D NO: 76.
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{00164] The term “PDL1” as used in the present application includes human PDLI {e.g .
UniProt accession number QONZ{}7), as well as variants, isoforms, and species homologs thereof
{e.g., mouse PDL1 (UmiProt accession number G9EP73), vat PRLT (UniProt accession number
P52944), dog PDL1 (UmProt accession number E2RKZ5), cvnomolgus monkey PDLI, ete. ).
[08165] Theterm "CTLA4" as used in the present application includes human CTLA4 (e g,
UniProt accession number P16410), as well as variants, isoforms, and species homologs thereof
{e.g., mouse CTLA4 (UniProt accession number P09793), rat CTL A4 (UniProt accession number
Q9Z1AT), dog CTLA4 (UniProt accession number (Q9XS11), cynomolgus monkey CTLA4
{(UniProt accession number (G7PLEE), etc ).

[00166]  The term "CD37" as used in the present application includes the human CD137 (e.g.,
GenBank Accession No. NM_001361; NP_001532), as well as variants, isoforms, and species
homologs thereof {e.g., mouse U137 (GenBank Gene ID 21942}, rat CDB137 (GenBank Gene ID
500590}, dog CD137 (GenBank Gene [D 608274), cynomolgus monkey CTLA4 (GenBank Gene
D 102127961), eic).

[00167]  The term “CD3” is known in the art as a multi-protein complex of six chains {see,
Abbas and Lichtman, 2003; Janeway e/ a/., p172 and 178, 1999}, In mammals, the complex
comprises a CD3 gamma chain, a CD3 delta chain, two €D3 epsilon c¢hains, and a homodimer of
CD3 zeta chains. The CD3 gamma, CD3 delta, and CD3 epsilon chains are highly related cell
surface proteins of the immunoglobulin superfamily containing a single immunoglobulin domain.
The transmembrane regions of the CD3 gamma, CD3 delta, and CD3 epsilon chains are negatively
charged, which is a charactenstic that allows these chains to associate with the positively charged T
cell receptor chains. The intracellular tails of the D3 gamma, CD3 delta, and CD3 epsilon chains
each contain a single conserved motif known as an immumoreceptor tvrosine-based activation motif
or ITAM, whereas each CD3 zeta chain has three. Withoul being bound by theory, it is believed the
{TAMSs are iraportant for the signaling capacity of a TCR complex. CD3 as used herein mav be
from various animal species, including human, primate, mouse, rat, or other mammals. For
example, CD3 as used herein includes umman CD3e {.e., D3 epsilon; e.g., UniProt accession
number PO7766), as well as variants, isoforms, and species homologs thereof (2. g., mouse CD3e
{UniProt accession number P22646), rat CD3e (UmProt accession number AQANG2K986), dog
CD3e (UmProt accession number P27597), and cynomolgus monkey CD3e (UniProt accession

mapher 395LISH.
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[00168] Theterm "HERZ2" as used in the present application includes human HERZ2 {e.g.,
UniProt accession number PO4626), as well as variants, isoforms, and species homologs thereof
{e.g., mouse HERZ2 (UniProt accession number P70424), rat HER2 (UniProt accession number
P06494), dog HERZ2, cvnomolgus monkey HERZ. HER2 is also known as ERBB2.

{00169} The TBMs described herein may bind a human target {e.g., PDL1, CTLA4, CD137,
D3 or HERZ2). In some cases, a 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.

Linker

[00178] The mudtispecific antibodies described herein may comprise one or more linkers (e.g.,
L1, L2, L3, etc.) disposed between the vanious regions in the polypeptides.

{80171} Any suiiable linker {e.g. a flexible linker} known in the art may be used, including, for
example: glvcine polyvmers (Gin, where n 1s 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 {0, etc.); glvcine-
serine polymers (G8)n, where n is 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 east 7, at least &, at least 9, at least 10, etc.) such as SGGGS (SEQ
1D NG: 803, GGGSGOGGS (SEQ ID NO: 81), {GsS) (SEQ ID NO: 82), GGGGS (SEQ ID NGO
130}, SGGS (SEQ ID NO: 131), GGSG (SEQ ID NO: 132), GGSGG (SEQ D NO: 133), GSGSG
(SEQ ID NO: 134), GSGGG (SEQ ID NO: 133), GGGSG (SEQ 1D NO: 136), and/or GSS8G
{(SEQ ID NG 1373 glycine-alanine polymers; alanine-serine polymers; and the like. Linker
sequences may be of any length, such as from about 1 anuno acid {e.g., glycine or serine) fo about
20 amino acids {e.g., 20 amino acid glycine polymers or glycine-serine polymers), abowt 1 anuno
acid to about 15 amino acids, about 3 amino acids to about 12 aming acids, about 4 amino acids to
about 10 anuno acids, about 5 amino acids to about 9 amuno acids, about 6 anuno acids {o about 8
amino acids, etc. In some embodiments, the linkeris 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.

Exemplary musltispecific antibedies

[06172] Exemplary multispecific antibodies described hereimn include, but are not hinited to,
bispecific antibodies targeting PDLI and CD137 (e g, PDLIxCDI37 and CD137 x PDL1
antibodies), bispecific antibodies targeting CD137 and CTLA4 {e.g.. CDI37xCTLA4 antibody),
bispecific T-cell engagers (BiTE) targeting CP3 and a cell surface antigen, and trispecific

antibodies targeting PDL, €137 and CTL A4 (also referred hergin as PDLIXCDI37xCTLA4
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antibody). In some embodiments, the multispecific antibody comprises CH3 domains or Fe regions
comprising any one or combination of engineered disulfide bonds and/or salt bridges described
herein. In some embodiments, the multispecific antibody does not comprise CH3 domains or Fe
regions comprising any one or combination of engineered disulfide bonds and/or salt bridges
described herein.
{80173} In some embodiments, there is provided a bispecific antibody targeting PDL1 and
CD137, comprsing a first polypeptide and a second polvpeptide, wherein:
(1} the first polypeptide comprises a structure represented by the formula:
VHI-CHI-hinge-CH2-first CH3-L1-scFvl; and
(11} the second polypeptide comprises a structure represented by the formula:
Vi-CL;

wherein:

VL is an immunoglobulin light chain vanable domain;

VH is an inwnunoglobulin heavy chain variable domain;

scFv is a single-chain variable fragment;

CL 1s an immunoglobulin light chaim constant domain;

CHI s an immunoglobulin heavy chain constant domain 1

CH?Z 15 an imrounoglobulin heavy chain constant domain 2;

hinge is an imomnoglobulin hinge region connecting the CHI and CH2 domains;
and L1 is a bond or a peptide linker;

wherein VL and VH associate to form an Fv that specificallv binds to a CD137; wherein the scFv
specifically binds to PDL1. In some embodiments, the scFv comprises a VH comprising a CDR-Hl
comprising the amino acid sequence of SEQ 1D NG: 37, a CDR-H2 comprising the amino acid
sequence of SEQ 1D NO: 38, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:
39; and/or a VL comprising a CDR-LI comprising the amino acid sequence of SEQ 1D NG 40, a
CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 41, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG: 42, In some embodiments, the scFv comprises a VH
comprising the amino acid sequence of SEQ ID NO: 43, and/or a VL comprising the amino acid
sequence of SEQ 1D NO: 44, In some embodiments, the scFv comprises from the N-terminus to the
C-terminus: VH-L1-VL, wherein L1 is a peptide hinker. In some embodiment, L1 comprises the
amino acid sequence of SEQ ID NO: 82, In some embodiments, the scFy comprises a first cysteine

residue at position 44 n the VH and a second cvsteine residue at position 100 1n the VL, wherein the
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first cysteine residue and the second cysteine residue form a disulfide bond, and wherein the
numbering is based on Kabat numbering. In some embodiments, the scFv comprises the amino acid
sequence of SEQ 1D NO: 77. In some embodiments, the Fv comprises a VH comprising an CDR-HI
comprising the amino acid sequence of SEQ 1D NO: 45, a CDR-H2 comprising the amino acid
sequence of SEQ ID NO: 46, and a UDR-H3 comprising the amino acid sequence of SEQ ID NO:
47; and/or a VL comprising a CDR-LI comprising the amino acid sequence of SEQ IDNG: 48, a
CDR-L2 comprising the amino acid sequence of SEQ 1D NG: 49, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG: 50, In some embodiments, the Fv comprises a VH comprising
the amino acid sequence of SEQ ID NO: 51 and/or 2 VL comprising the amino acid sequence of
SEQ ID NO: 52, In some embodiments, the first CH3 domain comprises N390C substitution and the
second CH3 domain comprises $400C substitution, or the first CH3 domain comprises S400C
substitution and the second CH3 domain comprises N390C substituiion. In some embodiments, the
multispecific antibody comprises an IgGl Fe region, such as an IgGl Fe having an N297A
substitution. In some embodiments, the multispecific antibody comprises an 1gG4 Fc region, such as
an 1gG4 having a S228P substitution. In some embodiments, the scFv is linked to the hinge in the
second polypeptide via a linker, such as a peptide linker comprising the amino acid sequence of SEQ
I NG: 80 or 81,

{60174] In some embodiments, there is provided a bispecific antibody comprising a first
polypeptide comprising the amino acid sequence of SEQ H) NO: 96, and a second polypeptide
comprising the amino acid sequence of SEQ ID NO: 97, In some embodiments, there 1s provided a
bispecific antibody comprising a first polypeptide comprising the amino acid sequence of SEQ 1D
NG: 98, and a second polypeptide comprising the amino acid sequence of SEQ ID NG: 99. In some
embodiments, there is provided a bispecific antibody comprising a first polypeptide comprising the
amino acid sequence of SEQ 1D NG: 100, and a second polypeptide comprising the amino acid
sequence of SEQ 1D NO: 101, In some embodiments, there 1s provided a bispecific antibody
comprising a first polypeptide comprising the amino acid sequence of SEQ 1D NO: 102, and a
second polypeptide comprising the amino acid sequence of SEQ 1D NO: 103, In some
embodiments, there is provided a bispecific antibody comprising a first polvpeptide comprising the
amino acid sequence of SEQ 113 NO: 104, and a second polypeptide comprising the amino acid
sequence of SEQ 1D NO: 105 In some embodiments, there is provided a bispecific antibody
comprising a first polypeptide comprising the amuino acid sequence of SEQ ID NG 106, and a

second polypeptide comprising the anuno acid sequence of SEQ 1D NO: 107, In some
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embodiments, there is provided a bispecific antibody comprising a first polvpeptide comprising the
amino acid sequence of SEQ 1D NG: 108, and a second polypeptide comprising the amino acid
seguence of SEQ 1D NG: 109, In some embodiments, there is provided a bispecific antibody
comprising a first polypeptide comprising the amino acid sequence of SEQ D NO: 110, and a
second polypeptide comprising the amino acid sequence of SEQ 1D NO: 111
[80175]  In some embodiments, there is provided a bispecific antibody targeting PDL1 and
CD137, corprsing a first polypeptide and a second polypeptide, wherein:
(1} the first polypeptide comprises a structure represented by the formula:
VHI-CHI-hinge-CH2-first CH3-L1-scFvl; and
(11} the second polypeptide comprises a structure represented by the formula:
Vi-CL;

wherein:

VL is an immunoglobulin light chain vanable domain;

VH is an inwnunoglobulin heavy chain variable domain;

scFv is a single-chain variable fragment;

CL 1s an immunoglobulin light chaim constant domain;

CHI s an immunoglobulin heavy chain constant domain 1

CH?Z 15 an imrounoglobulin heavy chain constant domain 2;

hinge is an imomnoglobulin hinge region connecting the CHI and CH2 domains;
and L1 is a bond or a peptide linker;

wherein VL and VH associate to form an Fv that specificallv binds to PDLI; and
wherein the scFv specifically binds to (1137, In some embodiments, the Fv comprises a VH
comprising a COR-HI comprising the amino acid sequence of SEQ ID NO: 37, a CDR-H2
comprising the amino acid sequence of SEQ 1D NQO: 38, and a CDR-H3 comprising the amino acid
sequence of SEQ 1D NO: 39; and/or a VL comprising a CDR-LI comprising the arino acid sequence
of SEQ ID NO: 40, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 41, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO: 42, In some embodiments, the Fv comprises
3 VH comprising the aming acid sequence of SEQ ID NO: 43, and/or a VL comprising the amino
acid sequence of SEQ ID NO: 44. In some embodiments, the scFv comprises a VH comprising an
CDR-HI comprising the amino acid sequence of SEQ ID NG: 45, a CDR-HZ comprising the amino
acid sequence of SEQ ID NO: 46, and a CDR-H3 comprising the amino acid sequence of SEQ D
NQO: 47; and/or a VL corprising a CDR-~LI comprising the anuno acid sequence of SEQ 1) NO: 48,
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a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 49, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG: 50. In some embodiments, the scFv comprises a VH
comprising the amino acid sequence of SEQ 1D NG: 51 and/or a VL comprising the amino acid
sequence of SEQ 1D NO: 52, in some embodiments, the scFv comprises from the N-terminus to the
C-termunus: VH-L1-VL, wherein L1 is a peptide linker. In some embodiment, L1 comprises the
amino acid sequence of SEQ 1D NO: 82, In some embodiments, the scFv comprises a first cysieine
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 is based on Kabat numbering. In some embodiments, the scFv comprises the amino acid
sequence of SEQ 1D NO: 78. In some embodiments, the first CH3 domain comprises N390C
substitution and the second CH3 domain comprises 8400C substitution, or the first CH3 domain
comprises S400C substitution and the second CH3 domain comprises N390C substitution. In some
embodiments, the multispecific antibody comprises an IgGG1 Fe region, such as an TgG1 Fe¢ having an
N297A substitution. In some embodiments, the multispecific antibody comprises an IgG4 Fc region,
such as an [gG4 having a 8228P substitution. In some embodiments, the scFv is linked to the hinge
in the second polypeptide via a linker, such as a peptide linker comprising the amino acid sequence
of SEQ 1D NO: 80 or 31,

{60176]  In some embodiments, there is provided a bispecific antibody comprising a first
polypeptide comprising the amino acid sequence of SEQ 1) NO: 84, and a second polypeptide
comprising the amino acid sequence of SEQ ID NO: 85, In some embodiments, there 1s provided a
bispecific antibody comprising a first polypeptide comprising the amino acid sequence of SEQ 1D
NQG: 86, and a second polypeptide comprising the amino acid sequence of SEQ ID NO: 87. In some
embodiments, there is provided a bispecific antibody comprising a first polypeptide comprising the
amino acid sequence of SEQ ID NO: 88, and a second polypeptide comprising the amino acid
sequence of SEQ 113 NO: 89, In some embodiments, there 1s provided a bispecific antibody
comprising a first polvpeptide comprising the amino acid sequence of SEQ ID NG: 90, and a
second polypeptide comprising the amino acid sequence of SEQ 1D NO: 91, In some embodiments,
there is provided a bispecific antibody comprising a first polypeptide comprising the amino acid
sequence of SEQ 1D NO: 92, and a second polvpeptide comprising the amino acid sequence of
SEQ 1D NO: 93, In some embodiments, there is provided a bispecific antibody comprising a first
polvpeptide comprising the amino acid sequence of SEQ 1D NG: 94, and a second polvpeptide

comprising the amino acid sequence of SEQ 113 NO: 95.
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{00177  In some embodiments, there is provided a trispecific antibody targeting PDL1, CD137
and CTL A4, comprising a first polvpeptide, a second polypeptide, and a third polypeptide,
wherein:

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

VH-CHI-hinge-CH2-first CH3-L1-scFvl;
{11} the second polvpeptide comprises a structure represented by the formula:
VH~CH1~hinge-CH2-second CH3-L2-s¢cFvZ;
(in) the third polvpeptide comprises a structure represented by the formula:
VL-CL: and
(iv} the fourth polypeptide comprises a structure represented by the formula;
Vi-CL;

wherein:

VH 13 an immnunoglobulin hight chain variable domain;

VL is an immunoglobulin light chain variable domain;

scFvl is a first single-chain varnable fragment;

CL 1s an immunoglobulin light chamm constant domain;

CHI s an immunoglobulin heavy chain constant domain 1

CH?Z 15 an imrounoglobulin heavy chain constant domain 2;

hinge is an imomnoglobulin hinge region connecting the CHI and CH2 domains; and
L1 and L2 are independently a bond or a peptide linker;

wherein VL and VH associate to form an Fv that specifically binds to CD137; wherein scFvi
specifically binds to PD-L1, and scFv2 specifically binds to CTLA4. In some embodiments, the
scFvl comprises a VH comprising a CDR-HI comprising the amino acid sequence of SEQQ ID NO:
37, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 38, and a CDR-H3 comprising
the amino acid sequence of SEQ 1D NO: 39; and/or a VL comprising a CDR-LI comprising the
amino acid sequence of SEQ 1D NO: 40, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NQO: 41, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO: 42, In some
embodiments, the scFvl comprises 3 VH comprising the aming acid sequence of SEQ 1D NO: 43,
and/or a VL cormprising the amino acid sequence of SEQ 1D NO: 44, In soroe embodiments, the Fy
comprises a VH comprising an CDR-HI comprising the amino acid sequence of SEQ ID NO: 45, 2
CDR-H2 comprising the amino acid sequence of SEQ 1D NQO: 46, and a CDR-H3 comprising the

amino acid sequence of SEQ 1D NO: 47; and/or a VL comprising a CDR-L] comprising the anuno
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acid sequence of SEQ ID NQ: 48, a CDR-L2 comprising the amins acid sequence of SEQ ID NO:
49 and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 50. In some embodiments,
the Fv comprises a VH comprising the amino acid sequence of SEQ ID NO: 51 and/or a VL
comprising the amino acid sequence of SEQ 1D NO: 52, In some embodiments, the scFv2 comprises
a VH comprising an CDR-HI comprising the amino acid sequence of SEQ 1D NQO: 53, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 54, and a CDR-H3 comprising the amino acid
sequence of SEQ 1D NO: 55; and/or a VL comprising a CDR-LI comprising the anino acid sequence
of SEQ 1D NO: 56, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 57, and a CDR-
L3 comprising the amino acid sequence of SEQ 1D NO: 58. In some embodiments, the scFv2
comprises a VH comprising the amino acid sequence of SEQ IB NGO 59 and/or a VL comprising the
amino acid sequence of SEQ 1D NO: 60, In some embodiments, the first CH3 domain comprises
E357K, 8364K and 8400C substitutions and the second CH3 domain comprises L351D, K37¢D, and
N390C substitations, or the first CH3 domain comprises L3513, K370D, and N390C substitutions
and the second CH3 domain comprises E357K, S364K and S400C substitutions. In sorse
embodiments, the multispecific antibody comprises an IgG1 Fo region, such as an IgGG1 Fc¢ having an
N297A substitution.
[00178]  In some embodiments, there 13 provided a trispecific antibody comprising: a first
polypeptide coraprising the anuno acid sequence of SEQ 1D NO: 118, a second polypeptide
comprising the amino acid sequence of SEQ 1D NO: 119, and a third polypeptide comprising the
amino acid sequence of SEQ 1D NG: 120. In some embodiments, there is provided a trispecific
antihody comprising: a first polypeptide coraprising the amino acid sequence of SEQ 1D NO: 121,
a second polvpeptide comprising the amino acid sequence of SEG 1D NO: 122, and a third
polypeptide comprising the amingo acid sequence of SEQ ID NO: 123. In some embodiments, there
is provided a trispecific antibody comprising: a first polypeptide comprising the amino acid
sequence of SEQ I3 NO: 124, a second polypeptide comprising the anuno acd sequence of SEQ
1 NO: 125, and a third polypeptide comprising the amino acid sequence of SEQ ID NG: 126,
{80179} In some embodiments, there is provided a bispecific T cell engager (BiTE} molecule
targeting €03 and a tumor anligen {e.g., HER2), comprising a firsi polypeptide, a second
polypeptide and a third polvpeptide, wherein:

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

VH-CH1-hinge~-CH2-{irst CH3;

(11) the second polypeptide comprises a structure represented by the formula:
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scHv-hinge-UH2-second CH3; and
(111) the third polypeptide comprises a structure represented by the formula:
VL-CL;

wherein:

VL is an immmmoglobulin light chain variable domain;

VH 1s an immunoglobulin heavy chain variable domain;

scEv s a single~chain vanable fragment;

CL 1s an immumoglobulin light chain constant domain:

CH1 s an immunoglobulin heavy chain constant domain 1,

CH2 13 an immunoglobulin heavy chain constant domain 2; and

hinge is an immunoglobulin hinge region comnecting the CH1 and CH2 domains;
wherein VL and VH associate to form an Fv that specifically binds to the tumor antigen (e.g.,
HERZ2), and wherein the scFv specifically binds to CD3. In some embodiments, the scFv comprises a
VH comprsing a CDR-HI comprising the amino acid sequence of SEQ ID NO: 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 1D NO: 63; and/or a VL compnising a CDR-LI comprising the amino acid sequence
of SEQ ID NO: 64, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 65, and a CDR-
L.3 comprising the amino acid sequence of SEQ 1D NG: 66. In some embodiments, the scFv
comprises a VH comprising the amino acid sequence of SEQ D NO: 67, and/or a VL comprising the
amino acid sequence of SEQ 1D NO: 68, In some embodiments, the scFv comprises the amino acid
sequence of SEQ 1D NO: 79 In some embodiments, the Fv specifically binds to HERZ2. In some
embodiments, the Fv comprises a VH comprising an CDR-HI comprising the anuno acid sequence of
SEQ ID NO: 69, a CDR-HZ comprising the aming acid sequence of SEQ ID NO: 70, and a CDR-H3
comprising the amino acd sequence of SEQ IDNG: 71; and/or a VL comprising a CBR-LI1
comprising the amino acid sequence of SEQ 1D NO: 72, a CDR-L2 comprising the amuno acid
sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NOG: 74,
In some embodiments, the Fv comprises a VH comprising the amino acid sequence of SEG 1D NO:
75 and/or a VL compnising the amino acid sequence of SEQ 1D NO: 76. In some embodiments, the
first CH3 domain comprises D3536K, E357K, 8364K and S400C substitutions and the second CH3
domain comprises L3510, K370D, N390C and K439 substititions, or the first CH3 domain
comprises L351D, K370D, N390C and K439D substitutions and the second CH3 domain comprises
D356K, E357K, 8364K and S400C substitutions. In some embodiments, the multispecific antibody
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comprises an [g(31 Fc region, such as an IgG1 Fe having an N297 A substitution. 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 polypeptide comprising the
amino acid sequence of SEQ 1D NO: 113, and a third polypeptide comprising the amino acid

sequence of SEQ ID NO: 114,

IV.  Activatable antibodies

{00180]  Certain aspects of the present application relate to activatable antibodies {including
activatable bispecific T cell engager molecules), activatable antigen binding fragments thereof, or
derivatives of activatable antibodies.

001811  In some embodiments, the activatable antibody comprises a polypeptide comprising a
target-binding moiety (TBM), a cleavable moiety (CM), and a masking moiety (MM). In some
embodiments, the TBM comprises an amino acid sequence that binds to a target such as CD3 or
HER2. In some embodiments, the TBM comprises an antigen-binding domain {ABD} of an
antibody or antibody fragment thereof. In some embodiments, the TBM comprises an antibody
light chain variable region (VL) and an antibody heavy chamn variable region (VH), wherem the
VH and VL forms a binding domain that binds to the target in the absence of the MM. In some
embodiments, the VH and VL are covalently linked, e g, in ascFv. In some embodiments, the VH
and VL form an Fv fragment. In some embodiments, the VH is linked to an antibody heavy chain
constart region, and the VL is linked to an antibody light chain constant region. In some
embodiments, the 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 Fo region that does not comprise any one or cornbination of the
engineered disulfide bonds or salt bridges described herein.

[00182]  In some embodiments, the activatable antibody comprises a polypeptide comprising the
structure, from N-terminus to C-lermimus, of) masking motety (MM)~cleavable motety (CM}-VL,
and the activatable antibody further comprises a second polypeptide comprising a VH {(2.g., a Fab
fragment). In some embodiments, the activatable antibody comprises a polypepiide comprising the
structure, from N-terminus to C-termanus, of: masking moiety (MM)-cleavable moiety (CM)-VL-
VH {e.g., ascFv). In some embodiments, the activatable antibody coraprises a polypeptide
comprising the structure, from N-terminus to C-terminus, of! masking moiety (MM)}-cleavable
moiety (CM}-VH, and the activatable antibody further comprises a second polypeptide comprising

a VL {e.g., aFab fragment). In some embodiments, the activatable antibody comprises a
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polypeptide comprising the structure, from N-terminus to C-terminus, oft masking moiety (MM)-
cleavable moiety (CM)-VH-VL {e.g, a scFv).
[00183]  In some embodiments, the activatable antibody comprises a polypeptide comprising the
structure, from N-terminus to C-terminus, of. masking moiety (MM)}-L1-cleavable moiety (CM)-
L2-VL, and the activaiable antibody further comprises a second polvpeptide 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
moiety (CM)-L2-VL-L3-VH {e.g . a scFv). In some embodiments, the activatable antibody
comprises a polvpepiide comprising the structure, from N-terminus to C-terminus, 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 inkers. In some embodiments, each of L1, {2, and L3 1s 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 of more, 4 or more, 5 or morg, 6 or more, 7 or more, 8 or more, 9
or more, or 10 or more aming acids.
{60184] 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-CH1-hinge-CH2-first CH3;
(i1} the second poly peptide comprises a structure represented by the formula:
MMI-CM1-scFv-hinge-CH2-second CH3; and
(111} the third polvpeptide comprises a structure represented by the formula:
MM2Z-CM2Z-VE-CL;

wherein:

VL is an immunoglobulin light chain variable domain;

VH is an inwnunoglobulin heavy chain variable domain;

scFv is a single-chain variable fragment;

CL s an immmunoglobulin light chaim constant domain;

CH1 1s an imrounoglobulin heavy chain constant domain 1;
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CH2 1s an immunoglobulin heavy chain constant domain 2;

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

MM1 15 a first masking peplide;

MM2 1s 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 to a furst target; wherein the
scFv spacifically binds to a second target; wherein MM1 inhibits the binding of the scFv to the first
target when CM1 1s not cleaved; and wherein MM2 inhibits the binding of the first Fv to the second
target when CM2 is not cleaved. In some embodiments, the first CH3 domain and the second CH3
domain do not coraprise any one or combination of the engineered disulfide bounds or sali bridges
described herein. In some embodiments, the first CH3 domain and the second CH3 domain comprise
any one or combination of the engingered disul{ide bonds or salt bridges described herein. In some
embodiments, the first CH3 domain coraprises N390C substitution and the second CH3 domain
comprises S400C substitution, or the first CH3 domain comprises 8S400C substitution and the second
CH3 domain comprises N390C substitution. In some embodiments, the first CH3 domain comprises
E357K, S364K 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 337K, $364K and S400C substitutions. In some
embodiments, the first CH3 domain comprises D356K, E357K, $364K and N390C substitutions and
the second CH3 domain comprises L351D, K370D, K439 and S400C substitutions, or the first
CH3 domain comprises L3510, K370D, K4390 and S400C substitutions and the second CH3
domain comprises D356K, HE357K, 8364K and N390C substitutions. In some embodiments, the first
CH3 domain comprises D356K, E357K, §364K and S400C substitutions and the second CH3
domain comprises L3513, K370D, N390C and K439D substitutions, or the first CH3 domain
comprises L.351D, K370D, N390C and K439D substitutions and the second CH3 domain comprises
D356K, E357K, 364K and 5400 substitutions. In some embodiments, the activatable antibody
comprises an TgGl Fe region, such as an IgGl Fe having an N297A substitution. In some
embodiments, the first target is a tumor antigen {e.g.. HER2) and the second target 1s CD3 {e.2.,
CD3e). In some embodiments, the first target 1s CD3 (e g., CD3e) and the second target is a tumor

antigen {e.g., HER2).
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[00185]  In some embodiments, there is provided an activatable antibody comprising a first
polvpeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain, and a third polypeptide, wherein:
(1} the first polyvpeptide comprises a structure represented by the formula:
MM 1-CM1-VH-CHI1-hinge-CH2-first CH3;
{11} the second polvpeptide comprises a structure represented by the formula:
MM2-CM2-~scFv-hinge~-CH2-~second CH3; and
(in) the third polvpeptide comprises a structure represented by the formula:
VL-CL;
whergin:
VL is an immunogiobulin light chain variable domain;
VH is an immunoglobulin heavy chain variable domain;
scFv is a single-chain variable fragment;
CL 1s an imununoglobulin light chain constant domain;
CHI 1s an immunoglobulin heavy chain constant domain 1;
CH2 1s an immunoglobulin heavy chain constant domain 2;
hinge 1s an immunoglobulin hinge region connecting the CH1 and CH2 domains;
MM is a first masking peptide;
MM2 1s a second masking peptide;
CM1 is a first cleavable peptide; and
CM?2 is a second cleavable peptide;
wherein VL and VH associate to form a first Fv that specifically binds to a first target; wherein the
scFv specifically binds to 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 scFv to the
second target when CM?2 15 not cleaved. In some embodiments, the first CH3 domain and the second
{H3 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 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 S400C substitution and the
second CH3 domain comprises N390C substitution. In some embodiments, the first CH3 domain

comprises E357K, 8364K and $400C substitutions and the second CH3 domain coroprises L3510,
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K370D, and N390C substitutions, or the first CH3 domain comprises L3515, K3700, and N390C
substitutions and the second CH3 domain comprises E357K, §364K and S5400C substitutions. In
some embodiments, the first CH3 domain comprises D356K, E357K, 8364K and N390(
substitutions and the second CH3 domain comprises L3510, K3700, K4390 and 84000
substitutions, or the first CH3 domain comprises L3510, K3700, K439D and S400C substitutions
and the second CH3 domain comprises D3S6K, E357K, S364K and N390C substitutions. In some
embodiments, the first CH3 domain comprises D356K, E357K, S364K and 8400C substitutions and
the second CH3 domain comprises 13510, K370D, N390C and K439 substitutions, or the first
CH3 domain comprises L3510, K3700, N390C and K439D substitutions and the second CH3
domain comprises D356K, HE357K, §364K and 8400C substitutions. In some embodiments, the
activatable antibody comprises an IgGl Fe region, such as an IgGl Fc having an N297A
substitution. In some embodiments, the first target is a tumor antigen (e g., HERZ2) and the second
target is CD3 (e.g., CD3e). In some embodiments, the first target 1s CD3 {e.g., CD3e) and the second
target is a tumor antigen {e.g.. HER2).
[00186]  In some embodiments, there is provided an activatable antibody comprising a first
polvpeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain, a third polypeptide, and a fourth polypeptide, wherein:

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

MMI-CM1- VHI-CHI-hinge-CH2-first CH3;
{11} the second polvpeptide comprises a structure represented by the formula:
MM2-CM2~-VH2-CH1-hinge-CHZ-second CH3;
(in) the third polvpeptide comprises a structure represented by the formula:
VLI-CL; and
(iv} the fourth polypeptide comprises a structure represented by the formula;
VL2-CL:

wheretn:

VL1 is a first immunoglobulin light chain vanable domain;

VH1 i3 a first immunoglobulin heavy chain variable domain;

V1.2 is a second imumunoglobulin light cham variable domain;

YVH2 is a second immunoglobulin heavy chain variable domain;

CL s an immmunoglobulin light chaim constant domain;

CH1 1s an imrounoglobulin heavy chain constant domain 1;
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CH2 1s an immunoglobulin heavy chain constant domain 2;

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

MM1 15 a first masking peplide;

MM2 1s 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 to a first target; wherein
VL2 and VH2 associate to form a second Fv that specifically binds to 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 comprise anv 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
subsiitution, or the first CH3 domain compnses S400C substitution and the second CH3 domain
comprises N390C substitution. In some ernbodiments, the first CH3 domain comprises E357K,
S364K and $400C substitutions and the second CH3 domain comprises L3510, K370D, and N390C
substitutions, or the first CH3 domain comprises £351D, K370D, and N390C substitutions and the
second CH3 domain comprises E357TK, 8364K and $400C substituiions. In some embodiments, the
first CH3 domain comprises D356K, E357K, 8364K and N390C substitutions and the second CH3
domain comprises 1L.3510, K370D, K439D and 8400C substitutions, or the first CH3 domain
comprises L3510, K370D, K439D and 5400C substitutions and the second CH3 domain comprises
D356K, E357K, 5364K and N390C substitutions. In some embodiments, the first CH3 domain
comprises D336K, E357K, S364K and 5400C substitutions and the second CH3 domain comprises
L3510, K370D, N390C and K439D substitutions, or the first CH3 domain comprises L3510,

370D, N390C and K439D substitutions and the second CH3 domain comprises D356K, E357K,

S364K and S400C substitutions. In sorme embodiments, the activatable antibody compnrises an IgGl
Fe region, such as an IgGl Fe having an N297 A substitution. fn some embodirnents, the first target is
a tumor antigen {e.g., HER2) and the second target is £D3 (e.g., CD3e}). In some embodiments, the

first target 1s CD3 (e.g., CD3e) and the second target is a tumor antigen {e.g., HER2).
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{00187]  In some embodiments, there is provided an activatable antibody comprising a first
polvpeptide comprising a first CH3 domain, a second polypeptide comprising a second CH3
domain, a third polypeptide, and a fourth polypeptide, wherein:
(1} the first polyvpeptide comprises a structure represented by the formula:
MMI1-CMi- VHI-CHI-hinge-CH2-first CH3;
(11} the second polvpeptide comprises a structure represented by the formula;
VH2-CH1-hinge-CH2-second CH3;
(in) the third polvpeptide comprises a structure represented by the formula:
VLI-CL; and
(iv} the fourth polypeptide comprises a structure represented by the formula;
MM2-CM2-VL2-CL;
wherein:
VL1 is a first immunoglobulin light chain varable domain;
VH1 is a first immunoglobulin heavy chain vanable domain;
VL2 is a second immunoglobulin light chain variable domain;
VH?2 1s a second immunoglobulin heavy chain variable domain;
CL s an immmunoglobulin light chaim constant domain;
CH1 1s an imrounoglobulin heavy chain constant domain 1;
CHZ 1s an imumunoglobulin heavy chain constant domain 2;
hinge 1s an immunoglobulin hinge region connecting the CHI and CH2 domains;
MM 1s g first masking peptide;
MM2Z s a second masking pephide;
{"M1 is a first cleavable peptide; and
M2 is a second cleavable peptide;
wherein VL1 and VH1 associate to form a first Fv that specifically binds to a first target; wherein
VL2 and VH2 associate to form a second Fyv that specifically binds to a second target; wherein MM
inhibits the binding of the first Fv to the first target when CM1 is not cleaved; and whergin 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 domain do not comprise any one or
combination of the engineered disulifide bonds or salt bridges described herein. In some
embodiments, the first CH3 domain and the second CH3 domain comprise any one or comnbination

of the engineered disulfide bonds or salt bridges described heremn. In some embodiments, the first
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CH3 domain comprises N390C substitution and the second CH3 domain comprises S400C
substitution, or the first CH3 domain compnses S400C substitution and the second CH3 domain
comprises N390C substitution. In some ernbodiments, the first CH3 domain comprises E357K,
$8364K and S400C substitutions and the second CH3 domain comprises L3510, K3700, and N320C
substitutions, or the first CH3 domain comprises L3510, K370D, and N390C substitutions and the
second CH3 domatn comprises E357K, 8364K and S400C substitutions. In some embodiments, the
first CH3 domain comprises D356K, E357K, 8364K and N390C substitutions and the second CH3
domain comprises 1L.3510, K370D, K439D and 8400C substitutions, or the first CH3 domain
comprises L3510, K370D, K439D and 5400C substitutions and the second CH3 domain comprises
D356K, E357K, 5364K and N390C substitutions. In some embodiments, the first CH3 domain
comprises D336K, E357K, S364K and 5400C substitutions and the second CH3 domain comprises
L3510, K370D, N390C and K439D substitutions, or the first CH3 domain comprises L3510,
K3700, N390C and K439D subsiitutions and the second CH3 domain comprises D35S6K, E357K,
S364K and S400C substitutions. In sore embodiments, the activatable antibody comprises an IgGl
Fe region, such as an 1gGl Fe having an N297 A substitution. In some embodiments, the first target is
a tumor antigen {e.g . HER2) and the second target is CD3 (e.g., CD3e}. In some embodiments, the
first target 1s CD3 (e.g., CD3e) and the second target is a tumor antigen {e.g., HER2).
{60188] 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:

/Hi-CH1-hinge-CH2-first CH3;
(i1} the second poly peptide comprises a structure represented by the formula:
VH2-CH l-hinge-CH2-second CH3;
(111} the third polvpeptide comprises a structure represented by the formula:
MMI-CMI-VL1-CL; and
{1v} the fourth polypeptide comprises a structure represented by the formula:
MM2Z-CM2-VL2-CL;

wherein:

VL1 is a first immunogliobulin light chain variable domain:

VHI is a first immunoglobuhin heavy chain varable domain;

VL2 1s a second immmunoglobulin light cham variable domain;
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YVH2 is a second immunoglobulin heavy chain variable domain;
CL 1s an immunoglobulin light cham constant domain;
CHI s an immunoglobulin heavy chain constant domain 1
CHZ 1s an imumunoglobulin heavy chain constant domain 2;
hinge 1s an immunoglobulin hinge region connecting the CHI and CH2 domains;
MM1 1s a first masking peptide;
MM2 1s a second masking peptide;
{"M1 is a first cleavable peptide; and
M2 is a second cleavable pepiide;
wherein VL1 and VH1 associaie to form a first Fv that specifically binds to a first target; wherein
VL2 and VH2 associate to form a second Fv that specifically binds to a second target; wherein MM
mhibits the binding of the first Fv to the first target when CM1 1s not cleaved; and wherein MMZ2
inhibits the binding of the second Fv to the second target when CM2 18 not cleaved. In some
embodiments, the first CH3 domain and the second CH3 domain do not comprise any one or
combination of the engineered disulifide 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 sorme embodiments, the first
CH3 domain comprises N390C substitution and the second CH3 domain coraprises $400C
substitution, or the first CH3 domain comprises 8400C substitition and the second CH3 domain
comprises N390C substitution. In some embodiments, the first CH3 domain comprises E357K,
S364K and S400C substitutions and the second CH3 domain comprises L351D, K370, and N390C
substitutions, or the first CH3 domain comprises L3510, K370D, and N390C substitutions and the
second CH3 domain comprises E357K, 8364K and 8400C substitutions. In some embodiments, the
first CH3 domain comprises D3S6K, E357K, S364K and N390C substitutions and the second CH3
domain comprises L351D, K370D, K439D and S400C substitutions, or the first CH3 domain
comyises L3310, K370D, K439D and S400C substitutions and the second CH3 domain comprises
D356K, BE357K, §364K and N390C substitutions. In some embodiments, the first CH3 domain
comprises 356K, E3537K, $364K and S400C substitutions and the second CH3 domain comprises
L3510, K370D, N390C and K439D substitutions, or the first CH3 domam comprises L351D,
K370D, N390C and K439 substitutions and the second CH3 domain comprises D356K, E357K,
S364K and S400C substitutions. In some embodiments, the activatable antibody comprises an Ig(Gl

Fe region, such as an IgGl Fc having an N297 A substitution. In some embodiments, the first target is
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a tumor antigen {e.g., HER2) and the second target is £D3 (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).

[0018%]  In some embodiments, the activatable antibody 1s designed based on any one of the
muitispecific antibodies described herein, e 2., by fusing a masking moiety (MM) to a target-
binding moiety (TBM) in the muitispecific antibody via a cleavable moiety (CM), wherein the MM
inhibits binding of the TBM to its target when the CM 1s not cleaved. Activatable antibodies have
been described, for example, in WO2019/149282, the contents of which are incorporated herein by
reference in 1ts entirety. The activatable antibodyv may comprise any one of the TBMs described in
the subsection “Target binding motety {TBM)” of section HI “Multispecific antibodies.” The
activatable antibodies described herein may comprise one or more linkers described in the
subsection “Linker” of section Hi “Multispecific antibodies™, e.g., disposed between MM and CM,
M and TBM, or TBM and hinge region of an Fc.

[80196] The MM refers to an amino acid sequence that, when the CM of the activatable
antibody 15 intact {2.g., uncleaved by a corresponding enzyme, and/or containing an unreduced
cysteine-cysteine disulfide bond), the MM interferes with or inhibits binding of the TBM 1o iis
target. In some embodiments, the MM interferes with or inhibits binding of the TBM {o its target
so efficiently that binding of the TBM to its target is extremely low and/or below the limit of
detection {e.g., binding cannot be detected in an ELISA or flow cviometry assav). The amino acid
sequence of the UM may overlap with or be included within the MM, It should be noted that for
sake of convenience “ABP” or “activatable antibody™ are used herein to refer to an ABP or
activatable antibody in both their uncleaved (or “native”™) state, as well as in their cleaved state. It
will be apparent to the ordinarily skilled artisan that in some embodiments a cleaved ABP may lack
an MM due to cleavage of the CM, e.g., by a protease, resulting in release of at least the MM {e.g.,
where the MM is not joined to the ABP by a covalent bond {e.g., a disulfide bond between cysteine
residues)). Exemplary ABPs are described in more detail below.

{00191}  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

on "on

disulfide bond. As such, when the terms "cleavage.” "cleavable,” "dleaved" and the hike are used in
connection with a CM, the terms encompass enzyvmatic cleavage, e.g., by a protease, as well as
disruption of a disulfide bond between a cysteine-cysteine pair via reduction of the disulfide bond

that can result from exposure to a reducing agent.
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[00192] 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% ( 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.

{80193} In some embodiments, the activatable antibodies {e.g., BiTE molecules) are capable of
mhabiting tumor cell growth and/or proliferation. In some eraobodiments, the tumor cell growth
and/or proliferation is inhibited by at least about 5% {e.g., at least about 5%, at least about 10%, at
ieast about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at
feast about 70%, at least about 80%, at least about 90%, or at least about 99%) when contacted
with the activatable anfibodies and T cells relative to corresponding tumor cells not contacted with
the activatable antibodies ( or relative {o corresponding tumor cells contacted with an isotvpe
control antibody and T celis). In some embodiments, the activatable antibodies are capable of
reducing tumor volume 1o a subject when the subject 15 administered the activatable antibodies. In
some embodiments, the activatable antibodies {e.g., BiTE molecules} are capable of reducing
tumor volume in a subject by at feast about 5% {e.g., at least abowt 5%, at least about 10%, ai least
about 20%, at feast about 30%, at least about 40%. at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%., or at least about 99%) relative to the mtial
tumor volume in the subject (e. 2., prior to administration of the activatable antibodies; as compared
{0 a corresponding tumor in a subject administered an isotype control antibody). Methods of
monttoring tumor cell growth/proliferation, tumor volume, and/or tumor inhibition are known in
the art.

[00194] In some embodiments, the activatable antibodies have therapeutic effect on a cancer. In
some embodiments, the activatable antibodies reduce one or more signs or symploms of a cancer.
in some embodiments, a subject suffering from a cancer goes mnto partial or complete remission
when administered the activatable antibodies.

Masking Moiety (MM}

[80195]  The activatable antibodies described herein comprise one, two or more masking
moieties. Sequences of exemplary masking moieties are shown in Table D below. Masking
moieties can be isolated from phage display libraries, for example, as described in

WO2019/149282, which is incorporated herein by reference in its entirety.
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{00196]  In some embodiments, the activatable antibody comprises a MM comprising the amino
acid sequence of SEQ ID NQ: 35. In some embodiments, the activatable antibody comprises a MM
comprising the amino acid sequence of SEQ 1D NG: 36, In some emsbodiments, the activatable
antibody comprises a first MM comprising the amino acid sequence of SEQ ID NO: 35 and a

second MM comprising the amino acid sequence of SEQ ID NG: 36.

Table D. Masking Moieiies.

SEQ Masking Sequence
il NO | moiety

35 CD3 MM | EVGSYPYDDPDCPSHDSDCDN

36 HERZ MM | ESDACDADPFDCQAGGGGSGSGGS

{80197}  In some embodiments, the masking peptide (MM} interferes with, obstructs, reduces the
ability of, prevents, inhibits, or competes with the corresponding target binding motety for binding
{o its target {e.g., an "inactive activatable antibodyv). In some embodiments, the masking peptide
{MM) interferes with, obstructs, reduces, prevents, inhibits, or competes with the target binding
moiety for binding fo its 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 moiety. In some
embodiments, activation induces conformation changes in the polypeptide(s) (e z., displacement of
the MM), leading to the MM no longer preventing the activatable antibody from binding 1o iis
target. In some embodiments, the MM interferes with, obstructs, reduces the ability of, prevents,
inhibits, or competes with the target binding moiety for binding to iis target only when the
cleavable moiety ({UM) has not been cleaved by one or more proteases that cleave within the
cleavable moiely (CM). In some embodiments, the MM has a masking efficiency of at least about
2.0{(e.g, at least about 2.0, at least about 3.0, at least about 4.0, at least about 5.0, at least about
6.0, at least about 7.0, at least about 8.0, at least about 9.0, at least about 10, at least about 25, at
least about 50, at least about 75, at least about 100, at least about 150, at least about 200, at least
about 300, at least about 400, at least about 500, 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 polyvpeptide lacking the
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MM for binding its target {e.g., the difference m affinity for a target antigen (such as CD3 or
HERZ) of an activatable antibody comprising a MM {before activation} relative {o a parental
antibody lacking the MM, or the difference m affinity for a target antigen (such as CD3 or HER2)
of an activatable antibody comprising a MM (before activation) relative to the affinity for the target
antigen of the activatable antibody after activation). In some embodiments, the masking efficiency
is measured by dividing the EC50 for binding of an activatable antibody comprising a MM (before
activation} by the EC530 of the parental antibody (2.2., by measuring EC50 bv ELISA). 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 the
activatable antibody comprising the MM for binding its target after activation (e.g., the difference
m atfinity for a target antigen (such as CD3 or HERZ2) of an activatable antibody before activation
relative {o the activatable antibody after activation). In some embodiments, the MM binds to the
{arget binding moiety (TBM), and prevents the activatable antibody from binding to its target (e.g.,
an "mactive" activatable antibody). Tn 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 measurad, e.g., by
technigues such as ELISA, surface plasmon resonance or Bio-Layer Inlerferometry (BLT), or flow
cytometry.

{80198} In some embodiments, the MM does not interfere with, obstruct, reduce the ability of,
prevent, inhibit, or compete with the target binding moiety (TBM) for binding to its target after the
polypeptide has been activated (e g.. activated by treatient with one or more proteases that cleave
within the cleavable motety {CM), activated by a change in pH (increased or decreased), activated
bv a temperature shift (increased or decreased), activated after being contacted with a second
molecule (such as an enzyme), eic.). In some embodiments, the MM does not interfere with,
obstruct, reduce the ability of, prevent, inhubit, or cornpete with the target binding moiety (TBM)
for binding to its target after the cleavable moiety {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
redative affinity of the activatable antibody afier activation as compared to the affinity of a parental

antibody ).
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{00199]  In some embodiments, any of the MMs described herein may further comprise one or
more additional amino acid sequences {e.g., one or more polypepiide tags). Examples of suitable
additional amino acid sequence may include, without limitation, 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 photometricaily {e.g., red or green flucrescent 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. 2., funin cleavage sites,
TEV cleavage sites, Thrombin cleavage sites), and the like. In some embodiments, the one or more
additional aming acid sequences are at the N-terminus of the MM.

Cleavable Moiety (CM}

{00200]  In sorme embodiments, the activatable antibody comprises one or more CMs, each of
which is disposed between a MM and a TBM.

[80201] In some embodiments, the CM comprises at least a {irst cleavage site (CS1} {e.g., afirst
protease cleavage siie). In some embodiments, the first cleavage site is a first protease cleavage
site. Any suitable protease cleavage site recognized and/or cleaved by anv protease {e.g.. a protease
that is known 1o be co-localized with a target of a polypeptide comprising the UM) known in the art
may be used, mcluding, for example, a protease cleavage site recognized and/or cleaved by
urokinase-type plasminogen activator (uP A}, matrix metalloproteinases (e.g., MMP-1, MMP-2,
MMP-3 MMP-7, MMP-§, MMP-O, 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 MMP-27);
Tobacco Etch Virus (TEV) protease; plasron; Thrombin: PSA; PSMA: ADAMS/ADAMTS (e.g.,
ADAM 8, ADAM 9, ADAMIO, ADAM12, ADAMIS, ADAM17/TACE, ADAMDECL
ADAMTSE, ADAMTS4, and/or ADAMTSS); caspases {e.g., Caspase-1, Caspase-2, Caspase-3,
Caspase-4, Caspase-5, Caspase-6, Caspase-7, Caspase-8, Caspase-Y, Caspase-10, Caspase-11,
Caspase-12, Caspase-13, and/or Caspase-14); aspartate proteases {2.£., RACE and/or Renin);
aspartic cathepsins {(e.g., Cathepsin D and/or Cathepsin E); cysteine cathepsing (e.g., Cathepsin B,
Cathepsin C, Cathepsin K, Cathepsin L, Cathepsin 5, Cathepsin V/L2, and/or Cathepsin X/Z/F);
cysteine proteinases {e.g., Cruzipain, Legumain, and/or Otubaim-2); KLKs (e.g., KLK4, KLKS,
KLK6, KEK7, KEKE, KLK10, KLK11, KLK13, and/or KLK14); metallo proteainases {e.g.,
Meprin, Neprilysin, PSMA, and/or BMP-1); serine proteases {¢.g.. activated protein C, Cathepsin
A, Cathepsin G, Chymase, and/or coagulation factor proteases (such as FVIa, FIXa, FXa, FXla,

FX1a)), elastase; granzyvme B; guanidinobenzoatase; HtrAl; human veutrophil elastase: lactofertin:

79



WO 2021/148006 PCT/CN2021/073347

marapsin, NS3/4A; PACE4; tPA; tryvptase; type I transmembrane serine proteases (TT8Ps)(e.g.,
DESCI, DPP-4, FAP, Hepsin, Matriptase-2, MT-SP1/Mairiptase, TMPRSS52, TMPRSS3 and/or
TMPRSES4); etc. In some embodiments, the first protease cleavage site is 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 Db, Cathepsin K, Cathepsin 5, ADAMI0,
ADAMI2, 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 is 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 amino acid sequence selected from SGRSA (SEQ 1D NG: 127), PLGLAG
(SEQ ID NO: 128). and ENLYFQG (SEQ ID NO: 129).

{80202} In some embodiments, the cleavable moiety (CM) further comprises at least a second
cleavage sile {e. 2., at least a second, at least a third, at least a fourth, at least a fifth, etc.). In some
embodiments, the cleavable moiety (M) further comprises a second cleavage site (C82). In some
embodiments, the second cleavage site is a second protease cleavage site. The second protease
cleavage site mav be anv suitable protease cleavage site recognized and/or cleaved by anv of the
proteases described above. In some embodiments, the first (CS1) and second (C82) cleavage sites
are protease cleavage sites recognized and/or cleaved by the same protease. In some embodiments,
the first (CS1} and second {C82) cleavage sites are protease cleavage sites recognized and/or
cleaved by different proteases {e.g.. the first protease cleavage site is recognized and/or cleaved by
uP A, and the second protease cleavage site 1s recognized and/or cleaved by MMP-2; the first
protease cleavage site is recognized and/or cleaved by uP A, and the second protease cleavage site
is recognized and/or cleaved by MMP-9; the first protease cleavage site is recognized and/or
cleaved by uPA, and the second proiease cleavage siie 15 recognized and/or cleaved by TEV
protease; etc.). In some embodiments, the at least second cleavage site (C82) 1s C-terminal to the
first linker (L1} In some embodiments, the cleavable moiety (CM) comprises a structure, from N-
terminus to C-terminus, of (CS1-L1-(CS2).

[80203] In some embodiments, the cleavable moiety (CM) further comprises at east 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 moiety (M) further comprises a second linker (L.2). The second
linker (1.2} may be any suitable hinker described above. In some embodiments, the first (LL1) and

second (1.2} linkers are the same. In some embodiments, the first (1.1) and second (1.2) linkers are
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different. In some embodiments, the at least second linker (1.2} is C-terminal to the second
cleavage site (CS2). In some embodiments, the cleavable moiety (CM) comprises a structure, from
N-terminus to C-termunus, of (CSH-L1-(CS2)-L2.

Activatable antibodies targeting D3

{00204} The present application provides activatable antibodies, activatable antibody fragments,
and polvpeptides that target CD3, comprising a masking moiety {MM) comprising the anmino acid
sequence of SEQ ID NO: 35

{00205]  In some embodiments, there is 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 the amino acid sequence of SEQ 1D NO:
35; wherein the CM comprises at least a first cleavage site; and wherein the TBM comprises a VL
of an anti-CP3 antibody. In some embodiments, the anti-CD3 antibody comprises a VL comprising
a CDR-L] comprising the amino acid sequence of SEQ ID NO: 64, a CDR-LZ comprising the
aming actd sequence of SEQ 1D NO: 65, and a CDR-L3 comprising the ammno acid sequence of
SEQ 1D NO: 66.

[00206]  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 the amino acid sequence of SEQ 1D NO: 35; wherein the CM comprises at least a
first cleavage site; and wherein the TBM comprises a VH of an anti-CD3 antibody. In some
embodiments, the anti-CD3 antibody comprises a VH comprising a CDR-H1 comprising the amino
acid sequence of SEQ ID NO: 61, a CDR-HZ comprising the amino acid sequence of SEQ 1D NO:
62.

{00207  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 the anuno acid sequence of SEQ 1D NO: 35, wherein the MM
ihibits binding of the activatable antibody to CD3 when the UM 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 to CD3 via the VH and VL when the CM 15 cleaved. In some embodiments, the
activatable antibody comprises a VH comprises a CDR-H1 comprising the amino acid sequence of
SEQ ID NO: 61, a CDR-HZ comprising the amino acid sequence of SEQ ID NO: 62, and a CDR-

H3 comprising the amino acid sequence of SEQ 1D NG 63; and/or a VL comprising a CDR-LI
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comprising the amino acid sequence of SEQ ID NO: 64, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 65, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NQ:
66. In some embodiments, the aclivalable antibody comprises a VH comprising the amino acid
sequence of SEQ 1D NG: 67, and/or a VL comprising the amino acid sequence of SEQ 1D NG: 68,
{00208} In some embodiments, there is provided an activatable antibody targeting CD3
comprising a first polvpeptide comprising, from N-termuinus to C-termunus, a MM, a CM, and a
TBM, wherein the MM comprises the amino acid sequence of SEQ 1D NO: 35, wherein the MM
inhibits binding of the activatable antibody to CI33 when the CM is not cleaved; wherein the CM
comprises af feast a first cleavage site; wherein the TBM comprises a VH, and the activatable
antibody further comprises a second polypeptide compnising a VL and wherein the activatable
antibody binds to CD3 via the VH and VL when the CM 1s cleaved. In some erabodiments, the
activatable antibody comprises a VH comprises a CDR-H1 comprising the amino acid sequence of
SEQ ID NO: 61, a CDR-H2 compnsing the amino acid sequence of SEQ 1D NO: 62, and a CDR-
H3 comprising the anuno acid sequence of SEQ 1D NO: 63; and/or a VL comprising a CDR-LI
comprising the amino acid sequence of SEQ ID NO: 64, a CDR-L2 comprising the amino acid
sequence of SEQ 1D NO: 65, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NQ:
66. In some embodiments, the aclivalable antibody comprises a VH comprising the amino acid
sequence of SEQ 1D NO: 67, and/or a VL comprising the amino acid sequence of SEQ 1D NO: 68,
{80209  In some embodiments, there is provided an activatable antibody targeting CD3
comprising a first polvpeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
scFv, wherein the MM comprises the amino acid sequence of SEQ 1D NO: 35, wherein the MM
inhibits binding of the activatable antibody to CI33 when the CM is not cleaved; wherein the CM
comprises af feast a first cleavage site; and wherein the activatable antibody binds to CD¥3 via the
scFy when the CM 1s cleaved. In some embodiments, the scFv comprises a VH comprises a CDR-
H1 comprising the amino acid sequence of SEQ 1D NG 61, a CDR-HZ comprsing the amino acid
sequence of SEQ 1D NO: 62, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:
63; and/or a VL comprising a CDR-LI comprising the amino acid sequence of SEQ ID NG: 64, a
CDR-L2 comprising the amino acid sequence of SEQ ID NO: 65, and a CDR-L3 comprising the
aming actd sequence of SEQ 1D NO: 66, In some embodiments, the scFv comprises a VH
comprising the amino acid sequence of SEQ 1D NO: 67, and/or a VL comprising the amino acid
sequence of SEQ 1D NO: 68. In some embodiments, the scFv comprises from the N-terminus to the

C-terminus: a VL and a VH. In sore embodiments, the scFv comprises from the N-terminus to the
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C-terminus: a VH and a VL. In some embodiments, the scFv compiises the anuno acid sequence of
SEQ ID NO: 79.
0023181 In some embodiments, the activatable antibody targeting CD3 1s a multispecific
antibody, such as a bispecific antibody. In some embodiments, the activatable antibody targeting
D315 a bispecific T cell engager (BiTE) molecule, which also targets a tumor antigen, such as
HERZ.
[80211]  In some embodiments, there 1s provided an activatable bispecific T cell engager
molecule, 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 polvpeptide comprises a structure represented by the formula:
VH-CHi-hinge-CH2-first CH3;
{11} the second polvpeptide comprises a structure represented by the formula:
MM1-CM1-scFv-hinge~-CH2-second CH3,; and
(111} the third polypeptide comprises a structure represenied by the formula:
MM2-CM2-VEL-CL;
whergin:
VL is an immuonoglobulin light chain variable domain;
VH 15 an immunoglobulin heavy chain variable domain;
scFv is a single-chain variable fragment;
CL 15 an immunoglobulin light chain constant domain;
CHI 1s an immunoglobulin heavy chain constant domain 1
CH2 1s an immunoglobulin heavy chain constant domain 2;
hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;
MM1 15 a first masking peplide;
MM?2 15 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 {0 a tumor antigen {e.g.,
HERZ2}); wherein the scFv specifically binds to CD3; wherein MM1 inhibits the binding of the scFv
to CD3 when CM1 is not cleaved: and wherein MM2 inhubits the binding of the first Fv to the tumor
antigen {e.g., HER2) when UM2 18 not cleaved. In some embodiments, the MM comprises the

amino acid sequence of SEQ 1D NO: 35, In some embodiments, the scFv comprises a VH comprises
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a COR-H1 comprising the amino acid sequence of SEQ 1D NO: 61, a CDR-H2 comprising the
amino acid sequence of SEQ 1D NO: 62, and a UDR-H3 comprising the amino acid sequence of SE{Q
D NG: 63; and/or a VL comprising a CDR-LI compnising 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 comprising
the amino acid sequence of SEQ 1D NO: 66. In some embodiments, the scFv comprises a VH
comprising the amino acid sequence of SEQ ID NO: 67, and/or a VL comprising the amino acid
sequence of SEQ 1D NO: 68. In some embodiments, the scFv comprises the amino acid sequence of
SEQ 1D NO: 79.

[00212] In some embodiments, the activatable BiTE molecule targets HERZ. In some
embodiments, the MM2 comprises the amino acid sequence of SEQ ID NO: 36. In some
embodiments, the VH comprises an CDR-~HI comprising the anunoe acid sequence of SEQ 1D NOG:
69, a CDR-H2 comprising the amino acid sequence of SEQ 1D NG: 70, and a COR-H3 comprising
the aming acid sequence of SEQ ID NO: 71 In some embodiments, the VL comprises a CDR-LI
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. In some embodiments, the VH comprises the amino acid sequence of SEQ ID NO: 75, In some
embodiments, the VL comprises the amino acid sequence of SEQ 1D NG: 76.

[00213] In some embodiments according to any one of the activatable antibodies (including
B1TE molecules) targeting CD3 described herein, the activatable antibody comprises a first (H3
domain and a second CH3 domain that do not comprise any one or combination of the engineered
disulfide bonds or salt bridges described herein. In some embodiments, the activatable antibody
comprises a first CH3 domain and a second CH3 domain that comprise any one or combination of
the enginegered disulfide bonds or salt bridges described herein. In some embodiments, the first
CH3 domain comprises D356K, E357K, §364K and S400C substitutions and the second CH3
domain comprises L3513, K370D, N390C and K439D substitutions, or the first CH3 domain
comyrises L3510, K370D, N390C and K439D substitutions and the second CH3 domain
comprises D356k, E357K, 8364K and S400C substitutions. In some embodiments, the activatable
antibody comprises an IgGl Fe region, such as an IgG1 Fe having an N297 A substitution.

[00214] Exemplary BiTE molecules are shown, for example, in Tables 10 and 11, In some
embodiments, there is provided an activatable bispecific T cell engager molecule comprising a first

polvpeptide comprising the amino acid sequence of SEQ ID NO: 115, a second polvpeptide
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comprising the amino acid sequence of SEQ 1D NG: 116, and a third polypepiide comprising the
amino acid sequence of SEQ ID NO: 117.

Activatable antibodies targeting HER2

{00215] The present application provides activatable antibodies, activatable antibody fragments,
and polvpeptides that target HERZ, comprising a masking moiety (MM) comprising the amino acid
sequence of SEQ ID NG 36,

{00216] In some embodiments, there 1s provided an antibody light chain comprising a
polypeptide comprising, from N-ternunus to C-termunus, a MM, a cleavable moiety (CM), and a
target binding moiety {TBM), wherein the MM comprises the amino acid sequence of SEQ 1D NO:
36, wherein the CM comprises at least a first cleavage site; and wherein the TBM comprises a VL
of an anti-HERZ antibody. Tn some embodiments, the anti-HER2 antibody comprises a VL
comprising a UDR-L1 comprising the amino acid sequence of SEQ ID NG: 72, a CDR-L2Z
comprising the amino acid sequence of SEQ ID NO: 73, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO: 74,

{00217  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 the amino acid sequence of SEQ ID NO: 36; wherein the CM comprises at least a
first cleavage site; and wherein the TBM coroprises a VH of an anti- HER2 antibody. In some
embodiments, the anti- HERZ antibody comprises a VH comprising an CDR-H! comprising the
amino acid sequence of SEQ ID NO: 69, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO: 70, and a CDR-H3 comprising the anuno acid sequence of SEQ 1D NO: 71.

{00218] 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 the amino acid sequence of SEQ 1D NO: 36, wherein the MM
mhibits binding of the activatable antibody to HER2 when the CM is 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 to HER2 via the VH and VL when the CM 1s cleaved. In some embodiments, the
activatable antibody coraprises a VH comprising an CDR-HI comprising the anuno acid sequence
of SEQ 1D NO: 69, a CDR-H2 comprising the amino acid sequence of SEQ D NO: 70, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO: 71, and/or a VL compnising a CDR-

L1 comprising the amino acid sequence of SEQ 1D NO: 72, a CDR-L2 comprising the amino acid
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sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:
74. In some embodiments, the activaiable antibody comprises a VH comprising the amino acid
sequence of SEQ 1D NG: 75, and/or a VL comprising the amino actd sequence of SEQ 1D NO: 76,
{80219  In some embodiments, there is provided an activatable antibody targeting HERZ2
comprising a first polvpeptide comprising, from N-terminus to C-terminus, a MM, a CM, and a
TBM, wherein the MM comprises the amino acid sequence of SEQ ID NO: 36, wherein the MM
mhabits 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 VH, and the activatable
antibody further comprises a second polypeptide comprising a VL; and wherein the activatable
antibody binds to HER2 via the VH and VL when the CM is cleaved. In some embodiments, the
activatable antibody comprises a VH comprising an CDR-HI comprising the amino acid sequence
of SEQ ID NO: 69, a CDR-HZ comprising the amino acid sequence of SEQ IDNO: 70, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO: 71; and/or a VL comprising a CDR-
L1 comprising the anuno acid sequence of SEQ D NO: 72, a CDR-LZ coraprising the amino acid
sequence of SEQ 1D NO: 73, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:
74. In some embodiments, the activaiable antibody comprises a VH comprising the amino acid
sequence of SEQ 1D NG: 75, and/or a VL comprising the amino actd sequence of SEQ 1D NO: 76,
{60220]  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
scFv, wheretn the MM comprises the amino acid sequence of SEQ 1D NO: 36, wherein the MM
mhabits binding of the activatable antibody to HER2 when the CM 1s not cleaved; wherein the CM
comprises at feast a first cleavage site; and wherein the activatable antibody binds to HERZ via the
scFv when the CM is cleaved. In some embodiments, the scFv comprises a VH comprising an
CDR-HI comprising the amino acid sequence of SEQ ID NG: 69, a CDR-HZ comprising the amino
acid sequence of SEQ ID NO: 70, and a CDR-H3 comprising the anuno acid sequence of SEQ 1D
NQO: 71; and/or a VL comprising a CDR-L comprising the anuno 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, In some embodiments, the scFv comprises a VH
comprising the amino acid sequence of SEQ 1D NO: 73, and/or a VL cormaprising the amino acid
sequence of SEQ 1D NO: 76, In some embodiments, the scFv comprises from the N-terminus to the

C-terminus: a VL and a VH. In some embodiments, the scFv comprises from the N-ferminus {o the
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C-terminus: a VH and a VL. In some embodiments, the scFv compiises the anuno acid sequence of
SEQ ID NO: 79.

002217 In some embodiments, the activatable antibody targeting HERZ 15 a multispecific
antibody, such as a bispecific antibody. In some embodiments, the activatable antibody targeting
HER2 is a bispecific T cell engager (BiTE) molecule, which also targets CD3.

[80222] In some embodiments according to any one of the activatable antibodies {(including
BiTE molecules) targeting HERZ described herein, the activatable antibody comprises a first CH3
domain and a second CH3 domain that do not comprise any one or combination of the engineered
disulfide bonds or salt bridges described herein. In some embodiments, the activatable antibody
comprises a first CH3 domain and a second CH3 domain that comprise any one or combination of
the engineered disulfide bonds or salt bridges described herein. In some embodiments, the first
{H3 domain comprises D356K, E357K, $364K and 5400C substitutions and the second CH3
domain comprises L331D, K370D, N390C and K439D substitations, or the {irst CH3 domain
comprises L3510, K370D, N390C and K439D substitutions and the second CH3 domaim
comprises D336K, BE357K, 8364K and 8400C substitutions. In some embodiments, the activaiable

antibody comprises an Ig(z1 Fc region, such as an IgGl Fe having an N297 A substitution.

V. Variants and derivatives

{00223]  Also contemplated herein are variants and derivatives of any one of the heterodimeric
proteins, multispecific antibodies, and activatable antibodies described herein.

{80224} In some embodiments, the heterodimeric protein or antibody derivative is derived from
modifications of the amino acid sequences of the parent heterodimeric protein or antibody while
conserving the overall molecular structure of the parent heterodimeric protein or antibody. Amino
acid sequences of any regions of the parent heterodimeric protein or antibody chains may be
modified, such as framework regions, CDR regions, or constant regions. Types of modifications
include substitutions, mnsertions, deletions, or combmnations thereof, of one or more amine acids of
the parent heterodimeric protein or antibody.

{80225] In some embodiments, the antibody (e.g., multispecific antibody or activaiable
antibody ) derivative comprises a polypeptide that 13 at least 80%, at least 85%, at least 90%, at
least 91 %, at least 92%, at least 93%, at least 94%, at least 95%, at least 26%, at Isast 97%, at least
98%, or at least 99% identical to the amino acid sequence as set forth in anv of 8EQ ID NOs: 84-
143, In some embodiments, the antibody {e.g , multispecific antibody or activatable antibody}

derivative comprises a VL or VH region that 1s at least 80%, at least 85%, at least 90%, at least 91
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%%, at least 92%, at least 93%. at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identical to the amino acid sequence as set forth in any of SEQ ID NQOs: 43, 44, 51,
52,59, 60, 67, 68, 75 and 76. In some embodiments, the antibody derivative comprises a CDR-H1
amino acid sequence region that is at least 80%, at least 85%, at least 90%, at least 91 %, at least
92%, at least 93%, at least 94%, at least 93%, at least 96%. at least 97%, at least 98%, or at least
99% 1dentical to an amino acid sequence as set forth in any of SEQ ID NOs: 37, 45, 53, 61, and 69.
In some embodiments, the antibody denivative comprises a CDR-H2 amino acid sequence region
that is at least 0%, at least 85%. at least 90%, at least 91 %, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%., or at least 99% identical to an amino
acid sequence as sef forth in any of SEQ 1D NQs: 38, 46, 54, 62, and 70. In some embodiments, the
antibody denivative comprises a CDR-H3 amino acid sequence region that is at least 80%, at least
$5%, at feast 90%,. at least 91 %, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or al least 99% identical to an amino acid sequence as set forth in
any of SEQ ID NOs: 39, 47, 55, 63, and 71. In some embodiments, the antibody denvative
comprises a CDR-L1 amino acid sequence region that is at least 80%, at least 85%, at least 90%, at
ieast 91 %, at least 92%, at least 93%, at least 949, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical to an amino acid sequence as set forth in any of SEQ 1D NOs: 40,
48, 56, 64, and 72. In some embodiments, the antibody derivative comprises a CDR-L2 amino acid
sequence region that is at least 80%, at least 5%, at least 90%, at least 91 %, at least 92%, at least
93%, at least 94%, at least 95%. at least 96%, at least 97%., at least 98%, or at least 99% identical
o an amano acid sequence as set forth in any of SEQ 1D NOs: 41, 49, 57, 65, and 73. In some
embodiments, the antibody derivative comprises a CDR-L3 amino acid sequence region that is at
ieast 80%, at least 85%, at least 90%, at least 91 96, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical fo an amino acid sequence
as set forth in any of SEQ ID NQOs: 42, 50, 38, 66, and 74,

{80226] In some embodiments, the heterodimeric protein or 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 {0 an amine actd sequence
of a heterodimeric protein or antibody described herein.

{00227F  Amvno acid substitutions encompass both conservative substitutions and non-
conservative substitutions. The ferm "conservative amino acid substitution” means a replacement

of one amino acid with another amuno acid where the two amino acids have sinularity in certain
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physico-chemical properties such as polarity, 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, isoleucine, valine, proline, phenvialanine, tryptophan, and methionine; (b) polar
neutral amino acids, such as glycine, serine, threoning, cysieine, tyrosine, asparagine, and
glutamine; (¢} positively charged (basic) amino acids, such as arginine, lysine, and histidineg; and {
d) negatively charged (acidic) amino acids, such as aspartic acid and glutamic acid.

{00228 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, yvet contains frarnework 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. For example,
germiline DNA sequences for human heavy and light chain varable region genes can be found m
the Genbank database or in the "VBase" human germliine sequence database (Kabat et al.,
Sequences of Proteins of Imimumological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242 (1991); Tomlinson et al , J. Mal Biol 227:776-798
(1992 and Cox et al., Fur. J. fmmunol. 24:827-836 (1994)). Framework sequences that may be
used in constructing an antibody denivative include those that are structurally similar to the
framework sequences used by illustrative antibodies of the application For example, the CEBR-HI,
CDR-H2, and CDR-H3 sequences, and the CDR-L1, CDR-L2, and CDR-L3 sequences of an
dlustrative antibody can be grafted onto framework regions that have the identical sequence as that
found in 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.

{80229  In some embodiments, the antibody derivative 1s a chimeric antibody, which comprises
an amino actd sequence of an illustrative antibody described herein. In one example, one or more
CDRs from one or more illustrative 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 chain vaniable region and/or
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one, two, or three CDRs from the light chain variable region of an illustrative antibody. Chimeric
antibodies can be generated using conventional methods known in the art.

002381 Another type of modification is to mutate amino actd residues within the CDR regions
of the VH and/or VL chain. Site-directed mutagenesis or PCR-mediated mitagenesis can be
performed o introduce the mutation{(s) and the effect on antibody binding, or other functional
property of interest, can be evalualed in i vitro or in vive 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 ong, two, three, four or five residues within 2 CDR
region are aliered. In some embodiments, the antibody derivative comprises 1, 2, 3, or 4 amino acid
substitutions in the heavy chain CDRs and/or in the light chain CDBRs. In another embodiment, the
amino acid substitution is to change one or more cysteines in an antibody to another residue, such
as, without limitation, alanine or serine. The cvsteine mayv be a canonical or non-canonical
cysieine. In some embodiments, the antibody denvative has 1, 2, 3, or 4 conservative amino acid
substitutions in the heavy chain CDR regions relative to the amino acid sequences of an iHustrative
antibody.

{00231 Modifications may also be made to the framework residues within the VH and/or VL
regions. Typically, such framework varants are made o decrease the immunogenicily of the
antibody. One approach is to "back mutate” one or more framework residues to the corresponding
germiing sequence. An antibody that has undergone somatic mutation may contain framework
residues that differ from the germline sequence from which the antibody is dertved. 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” o the germiine sequence by, for
example, site-directed mutagenesis or PCR-mediated mutagenesis.

{60232] In addition, modifications may also be made within the Fe region of an illustrative
antibody, typically to alter one or more functional propertias of the antibody, such as serum
half-life, complement fixation, Fc receptor binding, and/or antigen-dependent cellular cytotoxicity.
In one example, the hinge region of CHI 15 modified such that the number of cvsteine 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 cysteine residues in the hinge region of CH1 is altered to. for

example, facilitate assembly of the light and heavy chains or to increase or decrease the stability of
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the antibody . In another case, the Fc hinge region of an antibody 15 mutated to decrease the
biological half-life of the antibody.

002331  In some embodiments, the Fo region of the heterodimeric protein or antibody described
herein has at least one (2. g., at least one, two or three or more} amino acid substitution in addition
{o the amino acid substitutions that form engineered disulfide bonds or salt bridges as described
herein compared to the Fe region of a wild-type IgG or a wild-type antibody. Tn some
embodiments, the Fc region has at least 80%, at least 85%, at least 90%, at least 93% or more
homology with a native sequence Fc region and/or with an Fc region of a parent polvpeptide.
{00234} Furthermore, the Fe region may be modified to alter its poiential glycosviation site or
pattern n accordance with routine experimentation known in the art. Tn another aspect, the present
application provides a dertvative of a heterodimeric protein or antibody described herein that
contains at least one mutation in a vartable region of a light chain or heavy chain that changes the
pattern of glycosylation in the variable region. Such an antibody derivative may have an increased
affinity and/or a modified specificity for binding an antigen. The mutations mav 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 giycosyiation site. In some embodiments, the present
application provides a denivative of an antibody described herein having a potential N-linked
glvcosvlation site at asparagine in the heavy chain vanable region, wherein the potential N-linked
glycosylation site in one heavy chain variable region is removed. 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 glvcosylation site in both heavy chain variable regions is removed. Method of altering the
glvcosylation pattern of an antibody is known in the art, such as those described in U.S. Pat. No.
6,933,368, the application of which incorporated herein by reference.

{60235]  In some embodiments, the antibodies described herein (e.g , multispecific antibodies
and activatable antibodies) may be in any class, such as IgG, Ighl, IgE, IgA, or gD In some
embodiments, the activatable antibodies described herein {e.g, a CD3 and/or HERZ antibody ) are
in the IgG class, such as 1gGl, IgG2, IgG3, or Ig(G4 subcelass. An antibody described herein
antihody 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 1solating a nucleic acid encoding a heavy chain of an antibody described

herein (e g.. multispecific or activatable antibody) and a nucleic acid encoding a light chain of an
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antibody described herein {(e.g., multispecific 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.

{80236] Heterodimeric proteins or antibody variants are also provided with amino-terminal
leader extensions. For example, one or more amino acid restdues of the amano-~terminal leader
sequence are present at the amino-terminus of any one or more heavy or light chains of an
antibody.

[00237F The heterodimeric proteins or antibodies (e g, multispecific antibodies or activatable
antibodies) described herein may be further modified. In some emsbodiments, the heterodimeric
protein or antibody is linked to an additional molecular entity. Examples of additional molecular
entifies include pharmaceutical agents, peptides or proteins, detection agent or labels, and
antibodies.

{80238]  In some embodiments, a heterodimeric protein or antibody of the present application s
linked to a pharmaceutical agent. Examples of pharmaceutical agents include cyiotoxic agents or
other cancer therapeutic agents, and radioactive isotopes. Specific examples of cviotoxic agents
include taxol, cytochalasin B, gramicidin B, ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, colchicim, doxorubicin, daunorubicin, dihydroxy anthracin
dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids,
procaine, tetracaine, lidocaine, propranclol, and puromycin and analogs or homologs thereof.
Therapeutic agents also include, for example, antimetabolites (e g.. methotrexate, 6-
mercaptopurine, 6-thioguanine, cytarabine, S-fluorouracil decarbarzine), alkylating agents {e.g .
mechliorethamine, thicepa chlorambucil, melphalan, carmustine (BSNU} and lomustine (CCNU},
cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin €, and
cis-dichlorodiamine platinum (1) (DDP) cisplating, anthracyclines (e.g., daumorubicin (formerly
datmomycin} and doxorubicin), antibiotics {e.g., dactinomycin {(formerly actinomycin}, bleomycin,
mithramycin, and anthramycin {AMC)), and anti-mitotic agenis {e.g., vincristine and vinblastine}.
Examples of radicactive isotopes that can be conjugated to antibodies for use diagnostically or
therapeutically mnclude, but are not limited to, jodmel 31, mdivrom, yiirium90 and tutetium 177,
Methods for linking a polypeptide to a pharmaceutical agent are known in the art, such as using
various linker technologies. Examples of linker types include hydrazones, thioethers, esters,

disulfides and peptide-contairung linkers. For further discussion of linkers and methods for hinking
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therapeutic agents to antibodies 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 Krettman, Curr. Opin. Investig,
Drugs 3: 1089-1091 (2002); Senter and Springer {2001} Adv. Drug De/iv. Rev. 53:247-264.
{80239} In some embodiments, a heterodimeric protein or antibody of the present application is
conjugated to a label and/or a cvtotoxic agent. As used herein, a label 15 a motety that faciliiates
detection of the antibody and/or facilitates detection of a molecule to which the antibodv binds.
Nonlimiting exemplary 1abels include, but are not limited fo, radioisotopes, fluorescent groups,
enzymatic groups, chemiluminescent groups, biotin, epifope tags, metal-binding tags, e¢ic. One
skilled in the art can select a suitable label according to the intended application.

{00248]  As used herein, a cvtotoxic agent 1s a motety that reduces the proliferative capacity of
one or more cells. A cell has reduced proliferative capacity when the cell becomes legs 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. Nondimiting
exemplary cytotoxic agents include, but are not limited to, radioisotopes, toxins, and
chemotherapeutic agents. One skilled in the art can select a suitable cytotoxic according to the
infended application.

{60241] In some embodiments, a label and/or a cviotoxic agent is conjugated fo a heterodimeric
protein or 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, 1}, Prozyme (Havward, Calif.), SACRI Antibody Services (Calgary, Canada), AbD
Serotec (Raleigh, N.C .}, efc. In some embodiments, when a label and/or cytotoxic agentis 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 cyiotoxic
agent fused to an antibody chain. One skilled in the art can select a suitable method for

conjugating a label and/or cviotoxic agent to an antibody according to the intended application.

Vi  Methods of preparation

{00242] In one aspect, the present application provides methods for preparing the heterodimeric
proteins, multispecific antibodies, or activatable antibodies described herein. For example, methods
for preparing a heterodimeric protein (e.g., multispecific antibody) or activatable antibody

comprising culturing a host cell comprising one or more nucleic acid(s) or vector(s) that encode
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heterodimeric protein {e.g., multispecific antibody) or activatable antibody polypeptides under
conditions that allow expression of the nucleic acid(s) or vector, and recovering the heterodimeric
protein polypeptides or activatable antibody polvpeptides from the host cell culture are provided.
{80243} Polypeptides (e g., any of the heterodimeric proteins, multispecific antibodies or
activatable antibodies described above) 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, 1solated nucleic acids encoding any or the polypeptides {e.g., any of the
heterodimeric proteins, multispecific antibodies or activatable antibodies described above) are
provided. In some embodiments, there is provided one or more nucleic acids encoding the first
polvpeptide and/or the second polypeptide of a heterodimeric protein. In some embodiments, there
1s provided one or more nucleic acids encoding an anuno acid sequence comprising the VL(s)
and/or an aming 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.2., has been transformed with) one or more vectors
comprising nucleic acid(s) encoding the heterodimeric proiein, muliispecific antibody, or
activatable antibody described herein. In some embodiments, the host cell 1s eukarvotic, e.g a
veast cell, an 1nsect cell, a Chinese Hamster QOvary (CHO) cell or lvmphoid cell {e.g, YO, NSO,
Sp20 cell).

{08244] For recombinant production of polypeptides {e.g., any of the heterodimeric proteins,
multispecific antibodies or activatable antibodies described above) of the present application,
nucleic acid encoding a polypeptide {e.g., a heterodimeric protein, nltispacific antibody or
activatable antibody described above}, 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 actd 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)).

{80245]  Suitable host cells for cloning or expression of polypeptide-encoding vectors include
prokaryotic or eukarvotic cells. For example, polypeptides may be produced in bactenia, in
particular when glycosylation and Fe effector function are not needed (see, e.g, U.S. Patent Nos.
5,648,237, 5,789,199, and 5,840 523; See also Charlion, Methods in Molecular Biology, Vol. 248

(B.X.C. Lo, ed., Humana Press, Totowa, NI, 2003}, pp. 245-254, describing expression of antibody
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fragmends in £, coli.). After expression, the polypeptide mav be isolated from the bacterial cell
paste in a soluble fraction and may be further purified.

[00246] In addition o prokarvotes, eukarvotic microbes such as filarentous fungi or veast are
suitable cloning or expression hosts for polypeptide-encoding vectors, including fungi and yeast
strains whose glycosylation pathwayvs have been “humanized,” resulting in the production of a
polypeptide with a partially or fully human glveosylation patiern. See Gemgross, Nat. Biotech.
22:1409-1414 (2004), and Li et al., Nar. Biotech. 24:210-215 (2006).

{00247  Suitable host cells for the expression of glycosviated polypeptides are also derived from
muiticellular organisms (invertebrates and vertebrates). Examples of inveriebrate cells inciude
plant and insect cells. Numerous baculoviral strains have been identified which may be used in
conjunction with insect cells, particulardy for transfection of Spodoptera frugiperda cells.

{00248] Plant cell cultures can also be utilized as hosts. See, e.g., US Pateni 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).

[00249]  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 line transformed by SV40 (COS-7); human embryonic kidney line (293 or
293 cells as described, e.g., in Graham er o, J. Gen Virol 36:59 (1977)); baby hamster kidoney
cells (BHK); mouse sertoli celis {TM4 cells as described, e g, in Mather, Biol. Reprod 23:243-251
{1980} monkey kidney celis {CV 1); African green monkev kidnev cells (VER(-76); human
cervical carcinoma cells (HELA); canine Kidney cells (MDCK; buffalo rat liver cells (BRL 34);
human lung cells (W138); human liver cells (Hep (G2); mouse mammary tumor (MMT 060562},
TRI cells, as described, e.g., in Mather ef al,, dnnals N.Y. Acad. Sci. 383:44-68 (1982, MRC 5
cells; and FS84 cells. Other usefud marmmalian host cell lines include Chinese bamster ovary (CHO)
cells, including DHFR CHO cells (Urlaub ef o/, Proc. Natl Acad. Sci. US4 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 Wu, Methods in Molecular Biology, Vol
248 (B K.C. Lo, ed., Humana Press, Totowa, NI}, pp. 255-268 (2003).

{00256] o order for some secreted proteins to express and secrete in large quantities, a leader
sequence from a heterclogous protein may be desirable. In some embodiments, employing

heterologous leader sequences may be advantageous in that a resulting mature polypeptide may
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remain unaliered 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.
[00251]  Certain exemplary leader sequence sequences are described, e.g., in the online Leader
sequence Database maintained by the Depariment of Biochemistry, National University of
Singapore. See Choo ef al., BMC Bicinformatics, 6. 249 (2005}, and PCT Publication No. WO
2006/081430.

Vil. Compositions and kits

[00252]  In some embodiments, the present application provides pharmaceutical compositions
comprising any one of the heterodimeric proteins, multispecific antibodies, or activatable
antibodies disclosed herein, and a pharmaceutically acceptable carrier. The compositions can be
prepared bv conventional methods known in the art.

{00253]  The term "pharmaceutically acceptable carrier” refers o any inactive substance that is
suitable for use in a formulation for the delivery of a polypeptide (e.g., a heterodimeric protein,
multispecific antibody, or activatable antibody ). A carnier may be an anti-adhereni, binder, coating,
disintegrant, filler or diluent, preservative {such as antioxidant, antibacterial, or antifungal agent),
sweetener, absorption delaying agent, wetting agent, emulsifving agent, buffer, and the like.
Examples of suitable pharmaceutically acceptable carriers include water, ethanol, polyols (such as
glveerol, propvlene glveol, polyvethvlene glycol, and the like) dextrose, vegetable oils (such as olive
oil}, saline, buffer, buffered saline, and isotonic agents such as sugars, polyalcohols, sorbitol, and
sodium chloride.

[80254] The composilions may be in any suitable forms, such as quid, semi-solid, and solid
dosage forms. Examples of liquid dosage forms include solution (2.g., injectable and nfusible
solutions), microemulsion, liposome, dispersion, or suspension. Examples of solid dosage forms
include tablet, pill, capsule, microcapsule, and powder. A particular form of the compostiion
suitable for delivering a polypepiide (e.g., a heterodimeric protein, multispecific antibody, or
activatable antibody} is a sterile liquid, such as a solution, suspension, or dispersion, for injection
or infusion. Sterile sohutions can be prepared by incorporating the polvpeptide (e.g., a
heterodimeric protein, mudiispecific antibody, or activatable antibody) in the required amount in an
appropriate carrier, followed by sterilization microfiltration. Dispersions may be prepared by
incorporating the polypeptide into a sterile vehicle that contains a basic dispersion medium and
other carriers. In the case of sterile powders for the preparation of sterile liquid, methods of

preparation include vacaum drying and freere-drying (lyophilization) to vield a powder of the
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active ingredient plus any additional desired ingredient from a previously stertie-filtered solution
thereof. The various dosage forms of the compositions can be prepared by conventional techniqgues
known in the art.

{002558]  The relative amount of a polypeptide {e.g.. a heterodimeric protein, muitispecific
antibody, or activatable antibody) included 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.g . a heterodimeric protein, multispecific
antibody, or activatable antibody) i a single dosage form will generally be that amount which
produces a therapentic effect, but may also be a lesser amount. Generally, this amount will range
frorm about 0.01 percent to about 99 percent, from about 0.1 percent to about 70 percent, or from
about | percent to about 30 percent relative to the total weight of the dosage form.

{00256] In addition to the polypeptide (e.g., a heterodimeric protein, muldtispecific antibody, or
activatable antibody), one or more additional therapeutic agents may be included in the
composttion. 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 therapeotic 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.

{80257}  Any of the polypeptides {e.g., a heterodimeric protein, multispecific antibody, or
activatable 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).

[00258]  In some embodiments, provided herein is a kit comprising any one of the helerodimeric
proteins, multispecific antibodies, activatable antibodies and/or compositions described herein. In
some embodiments, the kit further comprises a package insert comprising instructions for use of
the heterodimeric proteins, multispecific antibodies, activatable antibodies and/or compostiions.
The package tnsert may contain information about the imdications, usage, dosage, admanistration,
combination therapy, contraindications and/or warnings concerning the use of a therapeutic
product. In some embodiments, the kit further comprises one or more buffers, e g, for storing,
transferring, administering, or otherwise using the heterodimeric proteins, nmulispecific antibodies,

activatable antibodies and/or compositions. In some embodiments, the kit further comprises one or
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more containers for storing or administering {e. g, syringes, efc. } the heterodimeric proteins,
multispecific antibodies, activatable antibodies and/or compositions. Also provided are articles of
manufacture comprising any one of the heterodimeric proteins, multispecific antibodies, activatable

antibodies and/or compositions described herein.

Vill. Bethods of use

{80259} The heterodimeric profeins, multispecific antibodies, activatable antibodies, and
pharmaceutical compositions described herein are useful for therapeutic, diagnostic, or other
purposes, such as modulating an immune response, ireating cancer, enhancing efficacy of other
cancer therapy, enhancing vaccine efficacy, or treating autoimmune diseases.

002681 In some embodiments, there 1s provided a method for treating a disease or condition in a
subject in need thereof comprnising administering to the subject an effective amountof a
pharmaceutical composition comprising any one of the heterodimeric proteins, multispecific
antibodies, or activatable antibodies (e.g., activatable BiTE molecules) described herein. In some
embodiments, the disease or condition is cancer. A varigty of cancers may be ireated or prevenied
with a method, use, or pharmaceutical composition provided by the present application.

[00261] In some embodiments, there is provided a method for treating a cancer in a subject in
need thereof comprising administering 1o the subject an effective amount of a pharmaceutical
composition comprising any one of the nultispecific antibodies targeting one or more tmmune
checkpoint molecules (e.g., any one of the PDL1=CD137, CH137 x PDLI, or
PDLI=CD137xCTLA4 antibodies) described herein. In some embodiments, the cancer is lung
cancer. In some embodiments, the cancer is prostate cancer. In some embodiments, the cancer is
melanoma. In some embodiments, the cancer is an advanced-stage cancer.

[00262]  In some embodiments, there is provided a method for treating a cancer in a subject in
need thereof comprising administering 1o 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 or activatable HERZ<CD3 antibodies) described herein. In some

embodiments, the cancer is HER2-positive cancer. In some embodiments, the cancer is ovarian

{00263] In some embodiments, there 1s provided a method of enhancing an 1mmune response in
a mammal, which comprises administering to the mammal an effective amount of a pharmaceutical
composition comprising any one of the heterodimeric proteins, multispecific antibodies, or

activatable antibodies {(e.g., activatable BiTE molecules) described herein. The term “enhancing
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immmine response” or its 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 (f.e. cell-mediated, such as cyvtotoxic T lvmphocyie mediated) or a humoral
response (7. ¢. anttbody-mediated response}, and may be a primarv 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 IL-2 and/or IFNy). The
enhancement of immune response can be assessed using a number of in vifro ot in vivo
measurements known to those skilled in the art, including, but not limited to, cvtotoxic T
lymphocyte assays, release of cvtokines, regression of tumors, survival of tumor bearing animals,
antibedy production, immune cell proliferation, expression of cell surface markers, and
cytotoxicity. Typically, methods of the present application enhance the imanmune response by a
mammal when compared to the immumne response by an untreated mammal or a mammal not
reated using the recited methods.

{00264]  In practicing the therapeutic methods, the heterodimeric proteins, multispecific
antibodies, or activatable antibodies may be administered alone as monotherapy, or adnunistered 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 heterodimeric protein,
multispecific antibody, or activatable antibody described herein in combination with one or more
additional therapies or therapeutic agents for separate, sequential or simulianeous admunistration.
The term “additional therapeutic agent” may refer to any therapeutic agent other than a
heterodimeric protemn, multispecific antibody, or activatable antibody provided by the application.
[002658] A wide variety of cancer therapeutic agents may be used in combination with a
heterodimeric protein, multispecific antibody, or activatable 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 heterodimeric proteins,
muitispecific antibodies, or activatable 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 is a viral gene therapy, an inunune checkpoint
inhibitor, a target therapy, a radiation therapies, and/or a chemotherapeutic. Tn some embodirments,

the combination therapy comprises surgery {0 remove a fumor.
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{00266]  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 be
treated, the particudar heterodimeric profein, multispecific antibody or activatable antibody
administered, the time of administration, the duration of the treatment, the particular additional
therapy admuinistered, the age, sex, weight, condition, general health and prior medical history of
the patient being treated, and like factors known in the medical arts.

{80267  Cancer freatments 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
determinung efficacy of therapy can be emiployed, including for example, measurement of response

through radiological iraging.

EXAMPLES
{80268} The examples below are intended 1o be purely exemplary of the invention and shouid
therefore not be considered to limit the invention in any way. The following examples and detaited

description are offered by way of illustration and not by way of limitation.

Example 1. Besign of Fc domain mutations
{80269 Novel Fc mutations were designed, including disulfide bond mutations, charged

muiations, and combinations thereof as shown in Tables 1A and 1B.

TABLE 1A. Novel Fo mutations designed

, Mutations (first CH3 domain-second CH3 CH3 SEQ D NOs
Designs .
domain)
N390C-8400°C 24,23
S400C-N390°C 23,24
N K392C-V397°C 25,26
Disulfide bond 357 5307°C 26,25
K392C-8400°C 27,28
S400C-K392°C 28,27
E3STRKCT4TIK-L351° D K370°D 9,10
Charge designs | E357TK:S364K-L351'D:K370°D 11,12
D356KE35TKS364K-L351 ' DK370°D:K439°D 13, 14
E35TK:S364K:N390C-L351'DK370°D:8400°C 15,16
E357TK:8364K:S400C-L351"D:K370°DiN390°C 17.18
Charge+disulfide | D356K E357TK:S364K:N390C- 19, 20
bond designs L3SPDIK370°D:8400°C.K439°D
D356KE35TK:S364K:8400C- 21,22
L3531 DK370°D:N390°C: K439°Dy
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TARLE 1B Fc mutations ID.

Mut;gons %gi?é? Mutations (first CH3 domain-second CH3 domain}
TRF(OL | - T3668, L368BA, Y407V Y349C-T366'W, 8354°C
TRF(02 |- T350V, L351Y, F405A, Y40TV-T350°V, T366'L, K392°L, T394'W
TREGR |° H»’LI%Q, SZZ%P{ FZ%‘{, E356K, R409K, H435R, L443P-K1967(3, 8228°P,
- F296°Y, R40Y'K, K439°E, L.445°P
TYMOT | 1,2 T366S, L36RA, V40TV, N390OC-T366"W, 8400°C
TYMO2Z |3.4 T3668, L3I68A, Y407V, S400C-T366"W, N390°C
TYMO3 |- Y3490, L368Y, Y40T7V-S354°C, T366"W
TYMO4 |- L3368V, Y407V-T366"W
TYMOS 3,6 L3688V, Y407V, N390C-T366"W, 8400°C
TYMO6 7.8 L3688V, Y407V, S400C-T366"W.N390°C
TYMO7 |9, 10 E357RCT4IR-L3STDNK370°D
TYMO8 | 11,12 E357K:S364K-L351" D K370°D
TYMOS | 13,14 D or E356RCE35TKS364K-L35 1D K370 D K439°D
TYMIO | 15,16 E357K:8364K:N390C-L35T DIK370°D:8400°C
TYmMil | 17,18 E357K:8364K:5400C-L351"D:K370° B N390°C
TyYMiz2 |19, 20 D or E356KE35TK8364K N390C-L351'D:K370°D:8400°C. K439°D
TYMI3 | 21,22 D or 356K E357K:S364K S400C-1L35 1D K377 D N300 (1 K439'D

Example 2. Heterodimer Purity Assessment

{80276} In order to test the novel Fc mutations, heterodimers TYMOT to TYMO13 and reference
heterodimers were constructed. The corresponding novel Fo mutations are histed mn Table 2. A Fab-
F¢/Fe one-armed construct was designed with the nmuations at the CH3 domain interface (FIG.
1A). In order to evaluate the effect of the mutations on hetero- and homodimerization of the CH3
domain, cloning in marnmalian expression vector was performed such that the constructed CH3 A
domain could be expressed in a light chamn-heavy chain ("LC-HC”) half-body, and the CH3 B
domain could be expressed in an Fc-only form. Plasmids encoding light chain (“"LC™), heavy chain
{“HC™), and Fc at a 2:1:1 molar ratio were co-transfected into HEK293 cells for transient
expression. Excess LC over HC chain DNA was used i atiempt {0 avoid the LC from being
himiting. Cell culture supematants were filtered through a 0.45 pm sterile filter. Antibodies were
purified by protein A affinity chromatography using HiTrap MabSelect SuRe prepacked columns
(GE Healthcare) and were subsequenily buffer-exchanged. The products were evaluated by SDS-
PAGE and SEC-HPLC to assess the heterodimernic yields.

{80271} In Fab-Fc¢/Fc one-armed construct system, the heterodimer and two homodimers have

different size and molecular weight, facilitating the identification of the various pairings by SDS-
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HPLC™). Proteins were visualized electrophoretically under reducing and non-reducing conditions.

Under reducing conditions, three bands were observed, corresponding to HC monomer, Fe

monomer, and L monomer. FIG. 6 shows that under non-reducing conditions there are three

bands, corresponding to LC-HC homodimer, LC-HC-Fc heterodimer, and LC-HC half-body. Fc

homodimer was not detected under these conditions. Heterodimer vield was also assessed by SEC-

HPLC. As shown in FIG. 7, three peaks were detected overall. The first peak in the spectra

corresponded to the homodimer, the second peak at 46.6 min corresponded to the heterodimer, and

the third peak corresponds to the LC-HC half-body. (Juantification of the peak areas in SEC-HPLC

enabled identification of variant pairs that stabilize heterodimer relative to homodimer. Purity was

calculated using the first peak and second peak, and the resulis are shown in Table 2.

TABLE 2. Heterodimer purity

1)

Mutations

L3SPTDNE370° B N30 C:K439'D

D Mautations Purity
TYS2165 TRFO1 T3665, L36EA, Y4OTV, Y349C-T366°W, 8354°C 87
TY32166 TRFO? E;Z‘ﬂ% L351Y, F405A, Y407TV-T350°V, T366°L, K392°L, 98
e g T T K196(), S228P F296Y, E356K. R409K, H435R, L445p- .
IYS2187 TRFO3 Ki 96%}, S228°P, F296°Y, R4OY K, K439°E, L445°P 40
(32167 TYMOT | T3668, L368A, Y407V, N390C-T366°W, S40(°C 69
(52168 TYMOZ | T3668, L368BA, Y407V, S400C-T366°W, N39Sy 68
(52169 TYMO3 | Y349C, 1368V, Y40TV-8354°C, T366°W 62
TY32170 TYMO4 | L368YV, YAOTV-T366’W 62
(32171 TYMOS | L3668V, Y47V, N390C-T366°W, S400°C 91
(52172 TYMOG | L3668V, Y4U7V, S400C-T366 W N300 NA
TYS52180 TYMO7 | E3STKTA4IK-L35 D K370°D 31
TY52181 TYMOR | E35TKI8364K-L351"D:K370°D 31
TYS2182 TYMOO | D3S6KCE3STRS364K-L35T° D K370° D K439°D 20
TY 52183 TYMIO | BE357K8364KN300C-L3517 D K377 8400°C 34
TY52184 | TYMI11 | E357R:S364K:S400C- L35S U D RK3T0 N30 C 68
S TYMI2 DBS&SF(:E357I?:8364K:N390C- 99
L3517 D K370°D:8400°C:RK439°D
D356K E357K:8364K: 8400 -
(52186 TYMI3 99
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Example 3. Heterodimer Stability assessment

{00272} Further, the stability of the heterodimers was assessed by incubation under forced
degradation conditions. Purified heterodimer samples were dituted into an appropriate buffer at 1
mg/mk. and heated to a different temperature for 1 hour {(FIG %), or incubated at 37°C forup to 4
weeks (FIG. 9). The treated samples were analyzed by SEC-HPLC. FIG. 8 shows the different
resistance of the proteins aggregation and precipitation at high temperature. The variations of SEC-
HPLC spectra after storage at 37 C are shown in FIG. 9. Proteins TYMI0, TYMI11 and TYMO13

showed a relatively superior stability.

Example 4. Generation of heterodimers targeting CD137 and PBLY

002731 Anti-CD137 and anti-PDL1 antibodies were used to construct bispecific antibodies with
Fe mutations. The pharmacokinetics of monoclonal antibodies can be modulated by moditving
their interactions with the neonatal Fc receptor FcRn. Improving the affinity of the FeRn-lgG
interaction can extend the half-life of a modified IgG. FcRn binds o the Fo region of igGina
strictly pH-dependent manner. At the physiological pH 7.4, FcRn does not bind 1gG, but at the
acidic pH of the endosome (pH 6-6.5), FcRn has a low micromolar to nanoroolar affinity for the Fe
region of Ig(G. FcRn binding characteristics can therefore reflect how the mutations affect PK of
the Fc region. Table 3 illustrates that the pH-dependent FeRn binding of bispecific antibodies was
not affected at both acidic and physiological pH.

TARLE 3. Fekn binding of bispecific antibodies

pH FeBn
D Fe mutant dependent biﬂd.in:g at
FeRn acidic
binding/% pH/nM

TY21624 TRFOL -0.5 46.7
TY21486 TYMO3 0.0 30.0
TY21487 TYMOY 2.2 382
TY21488 TYMIL 0.4 333
TY21489 TYMI3 0.0 53.7
TY21625 TYMIO 2.4 263

00274  Anti-CD137 and anti-PDL1 antibodies with common light chains were used to
construct bispecitic antibodies with conunon light chains and different Fc mutations (F1G. 1B).
The bispecific antibodies were also tested in a 293T-CD137-NF«B reporter assay. In brief, 50x10*
/ml of 293T-CD 137 cells and 50x10* /mi of 293T-PDL1 cells were mixed together, and the mixed

cells were then split into wells of a 96-well plale at a density of 5x10% cells/well (100u] /well). 50ul

103



WO 2021/148006 PCT/CN2021/073347

of diluted antibody solution was added into corresponding wells and incubated for 18h. After
incubation, the medium was aspirated and then SOul of Passive Lysis Buffer (Promega E1980) was
added and incubated at 37°C for 30 mmutes. 20u! supematant was transferred to the white plate
{Costar, 3912) and then 40p! of firefly substrate and 40ul of Renina substrate were added, and the
luminescence signal was read (Promega E1980).

[00275]  Asshownn FIG. 10, TYMIO and TYM11 had relatively higher activities in the NFxB

reporter assay.

Exampie 5. Generation and characterization of bispecific antibody targeting CD 137 and PDILE
A, Generation of bispecific antibody

1802761  The following example describes the development of a developable and effective
format for a bispecific antibody targeting CD137 and PDL1. The format was optimized on the
basis of a “Morrison format” (FIG. 2}, DNAs encoding anti-CD137 Fv and anti-PDL1 Fv were
used to construct an expressing plasmid in the form of Fab or scFv. The scFv has a reduced affinity
compared to Fab, 5o the orientation of the two Fvs (fe., CDI37<PBLT or PBLIxCD137 in the
form of FabxscFv) could affect efficacy of the bispecific antibodies.

[00277] IgGl or IgG4(S228P) 1sotypes were emploved. The scFv was linked to the C-terminus
of the Fc in the VH-to-VL orientation by a linker of SGGGS (SEQ ID NG 80) or GGGSGGGGS
(SEQ ID NQO: 81). Among the scFv, the C~terominus of VH was hinked to the N-terouinus of VL by
a (GaSk (SEQ 1D NO: 82) linker. A VH-44 to VL-100 disulfide bond was also incorporated into
the scFv, designed to stabilize the format. A pair of novel engineered N390C cu34-5400° Censs
disulfide bonds in CH3 domain were also tested (SEQ D NOs: 23-24). In addition, an N297A
mutation was introduced to silence the effector function mediated by the Fc region. Table 4
provides the eight scaftold designs that were developed. Table 5 lists SE( 1D NOs. corresponding
to the first heavy chain, first ight chain, second heavy chain, second light chain of exemplary

CD137xPDLY and PDLI<CD137 antibodies.

TABLE 4. Scaffoid designs for bispecific antibodies

SEQ scFv
N M390: | Fe-seFy ib seFv Disulfi
Format | Isotype s400°C | M7A ) Linker No. | Liuker | de
bhond
TYFOL | IeGGl No No SGGES 20 (GiS)e
TYFO2Z | IaGGl Yes No SGGES 20 %E Q1D YVHA44-
TYFO3 | IaGGl No Yes SGGGS 20 :\]O @ VL1060
TYFO4 | oGl Yes Yes SGGGS &0 |
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TYFOS | I2G1 Yes Yes gg}(]SGG(] Bl

TYFO06 | [gG4(S228P) | No No SGGGS 80

TYFO7 | [gG4(S228P) | Yes No SGGGS 80

TYFO8 | IgG4(S228P) | Yes No ggﬁﬁ@ﬁﬁ 81
Sy

B, UM characterizations of bispecific antibody
{00278] Plasmids encoding heavy and light chains of bispecific antibodies were fransiently
transfected into mammalian cells. Bispecific antibody-containing cell culture supernatants were
harvested 7 days after transfection by centrifugation at 14000 g for 30 min and were filtered
through a sterile filter (0.22 pm). Antibodies were punified 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.

{08279] The aggregation ratio of purified bispecific antibodies after purification was evaluated
by analvtical size-exclusion chromatography (“SEC”). The analysis was performed as follows:
SEC was performed on a Waters 2695 combined with a Waters 2996 UV detector. A TSK Gel
23000 SWXL column (300 mm x 7.8 mm) with a TSK Gel g3000 SWXL pre-column (Tosoh
Bioscience) was used. 10 ug of each sample was injected and separation was performed at a flow
rate of 0.5 mL/min. The elution butfer was composed of 200 mM sodium phosphate at pH 7.0. UV
detection was performed at 214 nm. The freeze-thaw stability was studied by freezing 100 yL
sample (1 mg/mL} at -80°C for 30 min, followed by thawing at room temperature for 60 min. Six
freeze-thaw cycles were conducted and the aggregation ratios were also determuned by analyviical
size-exclusion chromatography.

{00280]  Table 5 provides the vields of the bispecific antibodies after purification, and Table 6
provides aggregation ratios of the bispecific antibodies after purification and fieeze-thaw, TYFOS
was the best format, with low aggregation formation during expression and no aggregation
tendency during freeze-thaw process. The disulfide bond in CH3 and the replacement of SGGGS
{(SEG ID NG: 80) linker with 2 nine-amino-acid-linker GGGSGGGGS (SEQ 1D NO: 313 both

improved the colloidal stability.

TARLE 3. Yield of the bispecific antibodies afier purification

PDELI«CB137 bispecific antibody CB137><PDL1 hispecific antibody
Format . Amiqu_iy Yield after 7 Antibody Yield after
[1); chain SEQ | purification B chain SEQ purification
1D NQGs. (mg/L) D NOs. {mg/L)
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TYFOlL [ FYZ22121 34, 83 54.3 TY22122 96, 97 454
TYFOZ 1 TY221438 86, 87 36.6 TY22149 98, 99 42.2
TYFO3 [ TYZ22172 88, 8Y 31.9 TY22173 100, 101 47.7
TYFO4 | TYZ22176 90, 91 28.9 TY22177 102, 103 21.6
TYFOS | NA NA TY22359 104, 105 30.5
TYFO6 | TYZ22161 92, 93 33.0 TY22162 106, 107 31.0
TYFO7 | TYZ22165 94, 95 35.6 TY22166 108, 109 393
TYFO8 1 NA NA TY22362 110, 111 26.7

TABLE 6. dooresation ratios of the bispecific antibodies after purification and freeze-thaw
y : ier puri

PBLIxCD137 bispecific antibody CBi37xPDL1 bispecific antibedy
{Aggregation ratio % ) (Aggregation ratio %)

Formats After After after

D . . i . , after

purification freeze-thaw purification
freeze-thaw
TYFO1L {TY22121 2.1 9.1 TY22122 184 108
TYFOZ 1TY22148 17 5.4 TY22149 1 45 8.5
TYFO3 1 TY22172 26 3.8 TY22173110.2 9.3
TYFO4 | TY22176 33 4.6 TY22177 1 5.1 7.6
TYFOS | NA NA NA TY22359 158 5.4
TYFO6 | TY22161 35 3.5 TY22162 1 10.8 11.3
TYFO7 {TY22165 2.3 2.1 TY22166 | 8.8 8.9
TYFO8 | NA NA NA TY22362 178 8.2
{00281} Freere and thaw for 6 cycles were tested by using purified proteins af T mg/mL, aiso

mcubated at 40°C for 28 days (FIGs. 11A-1IB). Four purified proteins were also healed at lugh

temperature to confirm their thermal stability (F1G. 11C). FIGs. 11A-11B show the protein quality

evaluated by analytical size-exclusion chromatography. All formats have little aggregation and

degradation under accelerated storage condition that indicate they have a good long-term storage

stability. As shown in FIG. 11, all tested proteins aggregate and preciptiate upon 60°C, and

CD137x<PDL1 bispecific antibody had a better colloidal stability than PDL1xCD137 bispecific

antibody. These data pointed toward CD137xPDL1 as an antibody format most suitable for

targeting CD37 and PDL1.

. Binding affinity of hispecific antibody

100282]

Biacore T200 (GE Healthcare) was used as a high performance svsterm for real-time

biomolecular interaction analvsis, using surface plasmon resonance technology (“SPR™). During

the measurement, anii-human IgG monoclonal antibody from the Human Antibody Capture Kit

provided by Biacore was immobilized on CMS chips, and IgG sample was injected onto sensor
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chip. Analyies were injected onto 1g(s captured flow cell for binding kinetic analysis in HBS-EP
buffer. The daia was fitted according to 1:1 Langmuir model and the Kp value determined {Table
7). Format 5 had the highest affinity among all bispecific antibodies.

{00283] The affinity of antibodies was also assessed against human, monkey and mouse CD137
or PDL1 that were transiently expressed on the surface of yeast or HEK293F cells. Briefly, yeast or
HEK293F celis were transfected with a plasmid expressing human, monkey or mouse CD137 or
PI3LL. After 48 hours, the transfected cells were harvested and then washed. Cells were then
incubated with IgGs (each at 100 nM) at 4°C in the shaking bed for 1 hour shaking at 300 rpm,
protected from hight. For simuliansously binding, cell were incubated with biotinylated human
CD137 or PDLI protein fused with human Fe fragment, and SA-PE (streptavidin, phycoervthrin
conjugated). For cross-reactivity, cells were incubated with Alexa Fluor 647 conjugated mouse
anti-human Fc antibodies. The mixtures were incubated at 4°C in the shaking bed for 30 minutes
shaking at 300 rpm, protected from light. The cells were washed once prior to analysis by flow
cyvtometry {Beckman CyioFlex). FIG. 12 shows that the bispecific antibody stmultaneously binds
human PDLT and C¥M 37, In addition, FIG. 13 shows that the bispecific antibodies maintained

parental cross-reactivity with PDL1T or CD137 of human, mouse, or monkey origin.

TARLE 7. Binding affinity to PDLIH and CDI137H

PBLIxCB137 bhispecific antiboedy CB137sPBL1 bispecific antibedy
Formats Human Human Human Human

1) PBEE D137 1) PDE D137

(b)) {nM) (b)) {nM)

TYFO1 {TY22121 6.9 14.1 TY22122 29.7 3.8
TYFO2 1 TY22148 7.7 6.7 TY22149 32.0 2.4
TYFO4 1 TY22176 8.1 7.1 TY22177 334 7.0
TYFOS | NA NA NA TY 22359 298 2.7
TYFO7 [ TY22165 7.7 5.2 TY22166 42.0 3.0
TYFOR | NA NA NA TY 22362 40.3 2.8

D. fre vitre and in vivo efficacy

[80284] The effect of PDLIXCD37 and CD137<PDL1 bispecific antibodies on in vifro reporter
gene assays was tested (F1G. 14). Anti-PDL 1-based bispecific antibodies were assessed by PDL1
blockade bioassay. In brief, Jurkat T cells expressing human PD-1 and a luciferase reporter driven
bv an NFAT response element (NFAT-RE} were used as PD-1 effector cells. CHO-K1 cells
expressing human PDL1T and an engineered cell surface protein designed to activate cognate TCRs

i an antigen-independent manner were used as PDL1 aAPC/CHO-K1 cells. PD-1 effector cells
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were incubated with PDL1 aAPC/CHO-K1 cells in the absence or presence of anti-PDL1-based
bispecific antibodies or PDL1 monomer blocking antibody, as indicated in FIG. 14. BIO-GLO™
Reagent was added and luminescence quantified. Data were analyzed using GraphPad Prism®
software. Anti-CD137-based bispecific antibodies were assessed by NF«B reporter assay. CD137-
NF«B-293T stable cells were restored, cultured and split to the 96-well plate (50 ul/well, at
density of 6x10°). After 5.5 hours of incubation, diluted test antibodies (indicated in FIG. 14)
preruixed at 15 ratio with a crosslinker were added. Luciferase levels were measured 18 hours
later. Relative luciferase units (RLU) against the blank control (without antibody treatment) were
normalized for transfection efficiency using Renilla luciferase activity and the results were
expressed as mean + standard error in triplicate.

[00285]  As shown in the top panel of FIG. 14, In PDL1 reporter gene assays show that
PDLIxCD137 bispecific antibody had similar activity with PDL1 monomer, and both were
stronger than CDI37xPDLI bispecific antibody. Sirmlarly, in the bottom panel of FIG. 14, a

CD 137 reporter gene assay, CD137xPDL1 bispecific antibody had stronger activity than
PDLIxCD137 bispecific antibody. These results indicated that Fab had better activity than scFv.
Without wishing to be bound by theory, this may have been because of the difference in affinities.
{00286 Because the anti-CD137 and anti-PDL1 Fy cross-reacted with mouse and monkey
antigens, the in vivo efficacy of bispecific antibodies was studied in the 3LL syngeneic mouse
tumor model (F1Gs. 15A-15C). Both PDLIxXCD137 and CDI37xPDL1T bispecific antibodies
inhibited tumor growth. CDI37xPDL1 bispecific antibody was slightly less efficacious than the
combination of CD137 and PDL1 parental antibodies, and much more efficacious than one of the
two parental antibodies alone. The PDLIxCI137 bispecific antibody was not as effective as the
CDI137<xPDLI antibody, indicating that the orientation of the two antigens in this bispecific format

1s important for efficacy.

Example 6. Generation of trispecific antibodies

{00287] The following example provides trispecific antibodies capable of binding CD137,
PDL1, and CTLA4 (FIG. 3).

[80288] Three inispecific antibodies combining Fe mutant TYM11 and bispecific formats
TYFO1, TYFO2 and TYF04 were constructed and purified, as shown in Table 8 TYF02 showed
the best quality and all the three formats were stable under freeze-thaw and 40°C storage.

[0028%] Anti-CD137 and anti-PDL1 Fv cross-reacted with mouse and monkey antigens, so the

in vivo efficacy of bispecific antibodies was studied in the 3LL syngeneic mouse tumor model.
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C537BL/6 mice were transplanted subcutanecusly with 2x10° 3LL lung cancer cells. When the
tumors were established (70 mm’), treatment began with isotype control IgG (=6}, PDLIxCD137
bispecitic (10 mg/kg, n=8), CD137xPDLI bispecific (10 mg/kg, n=8), CD137 monomer (7.5
mg/kg, n=6}, PDLI monomer (7.5 mg/kg, n=6) or CD137 monomer + PDL1 monomer (both 7.5
mg/ke, n=8) by miraperttoneal injection, for up to 6 doses. Tumor growth was monitored thrice
weekly and reported as mean fumor volume + SEM over time. As shown in FIGs. 15A-15B, both
PDLIxCDI137 and CD137xPDL1 bispecific antibodies inhibited tumor growth. CDI37xPDLI
bispecific antibody was slightly lass efficacious than the combination of CD137 and PDL1 parental
antibodies, and much more efficacious than one of the two parental antibodies alone. The
PDLIxCD37 bispecific antibody was not as effective as the CDI3TXPDL1T antibody, indicating
that the ortentation of the two antigens in this bispecific format 1s important for efficacy.

[00290] The TYFO2 trispecific antibody was also chosen to test in vive efficacy using the 3LL
syngeneic mouse tumor model. C57BL/6 mice were transplanted subcutaneously with 2x10° 3LL
lung cancer cells. When the tumors wers sstablished (65 mm?), treatment began with isotype
control IgG (n=6), CDI137xPDLIxCTL A4 trispecific {10 mg/kg, n=8), CDI137xPDLIxCTLA4
trispecific (5 mg/kg, n=8), CD137xPDL1 bispecific (10 mg/kg, n=6), CD137xCTL A4 bispecific
(10 mg/kg, n=6), CD137 monomer (7.5 mg/kg, n=6), PDL1 (3.75 mg/kg, n=6), CTLA4 (3.75
mg/kg, =6} or C3137 monomer (7.5 mg/kg) + PDLT (3.75 mg/kg) + CTLA4 (3.75 mg/kg) (n=6)
by intraperitoneal injection, for up to 5 doses. Tumor growth was monitored every two days and
reported as mean tumor volume + SEM over time. As shown in FIG. 13C, this trispecific antibody
showed better tumor growth mbubition than the corresponding bispecific antibodies or the parental

combination of three mono-lgGs.

TABLE 8. Trispecific antibody chemistry, manufacturing and controls

D Format Fe f;iz;:nb‘gg% g}::fg ciiéii Qc Qc
w g a4 EAN YL TA ) J o,
mutant 1D NOs. me/L HMW{%) | LMW%
TY22224 | TYFOL TYMI1} 118-120 28.1 2.4 6.7
TY22225 1 TYFOZ | TYMll 121-123 18.8 2.0 1.3
TY22226 1 TYFO4 | TyYMll 124-126 9.9 0.9 0.3

Example 7. Biophysical characierization of heterodimeric HER2xCD3 T-cell-engaging

bispecific antihody

[00291]

chain -heavy chain half antibody and a scFv-Fc chain were combined to form a bispecific antibody,

109

A heterodimeric bispecific scaffold was designed using the TYM13 Fc nwtant. A light




WO 2021/148006 PCT/CN2021/073347

with TYMI13 mutations in hetero-Fc domain (FIG. 4). A HER2ZxCD?3 bispecific T-cell-engaging
antibody was constructed using this scaffold. For comparison, corresponding antibodies having
knobs-into-holes mutations Y394C, T3668, L368A, Y40TV-8354°C T366°W and “Xencor
mutations” E357Q), $304K-L.368°D, K370°S were also constructed.

[00292] Plasnmuds encoding the heavy chain, light chain, and scFv-F¢ chain of bispecific
antibodies were transiently transtected into mammalian cells. Bispecific antibody-containing cell
culture supernatants were harvested 7 days after transfection by centrifugation at 14000 g for 30
min and were filtered through a sterile filter (0.22 wm). Antibodies were purified by protein A
atfinity chromatography using MabSelect SuRe prepacked columns (GE Healtheare) and were
subsequently buffer exchanged in 20 mM histidine (pH 5.5} buffer.

{00293]  The biophysical purity of heterodimeric bispecific antibodies was assessed through
SEC-HPLC and SDS-PAGE. Asshown in FIG. 16 and FIG. 17, TY24051 with TYMI13 mutations
showed very good heterodimeric purity, with no detectable homodimers, while TY24105 and

TY 24106, with knobs-into-holes and Xencor muiation, both contained some 150 kDa homodimers
(indicated in SDS-PAGE and SEC-HPLC graphs in FIG. 16 and FIG. 17, respectively).
Furthermore, TYZ4051 contained fewer aggregates than TY24105 and TY24106.

002947  When TY 24051 was converied into an activatable antibody, TYZ24052, some aggregates
were generated (see Table 9). TY24052 could be purified by cation exchange chromatography

(CEX).

TARLE 9. Bispecific antibodies and their SEC-HPLC purity

SEC-HPLC purity
IgG 1D |Fomutant Antibody chain | HMW {Monomer| LMW
SEGID NGs. | (%) (%) (%)
TYMI3 112,113,114 .
TY 24051 : ’ ’ 3.1 96.0 0.9
TY 24105 | Knobs-into-holes - 92 8972 1.5
TY 24106 | Xencor mutation - 316 68.2 0.2

Example 8. Activatable bispecific antibody construction and functional characterization
[00295]  An activatable HER2xCD3 bispecitic antibody (also referred herein as “SAFEbody™ or
“SAFE-bispecific”) was constructed (FIG. 3). The constructs are describad in Tables 10 and 11

TABLE 10. Bispecific aniibodies and their purity determined by SEC-HPLC
[12G 1D |Format SEC-HPLC purity
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Antibody
chain SEQ [HMW (%) | Monomer (%) | LMW (%)
1D NOs.
R - 112, 113,
TYZ24051 fTYMI3 N297A 114 31 96.0 0.9
TYM13 N29TA, 115,116
TY24052 . . L 9.3 882 2.5
Pe SAFE-bispecific 117
TABLE 1. Design of HERZx{UD3 bispecific SAFEbody
isG ID SAEF: body Left Arm Right (,Ee;zawa? le heterodimeric Fe
> Motifs Arm activation . effector
mofif
Parental Fab scFv
TGS e TS . VR i
TY24051 bispﬁ,fnﬁc %ab X (HER2) (CD3) NA TYMi13 N297A
sckFv in IoGl
Safe Bispecific SAFE SAFE
TY24052 | Fab X scFvin Fab scFv {leavable TYMI3 N29TA
[gGl (HER2) {(CD3)
Safe Bispecific SAFE SAFE Non
TY24053 | Fab X scFvin Fab scHy cloavable TYMI3 WN297A
TGl (HER2) | (CD3) e
{00296]  The affinities of the bispecific antibody (TY240351) and its SAFEbody version

(TY24052) were analyzed through enzyme-linked imimunosorbent assay (ELISA) assay. 2 ug/mL
of human HER2 or CD3 (g and & chain heterodimer) fused with human Fe fragment, were prepared
and used to coat the ELISA plate at 2-8"C overmight. After washing and blocking, 50 pl serial
dituted IeGs were added and incubated at 37°C for | 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 measured after the reaction was stopped. The data was analvzed by GraphPad Prism
6 with nonlinear fitting. As shown in FIGs. 18A-18B, TYZ24051 bound to both HERZ and CD3,
while TY24052 showed an apparently lower affinity than TY24051. After activation, the affinity of
TY 24052 was fully recovered.

[00297)  To compare functional activity between TY 24051 and TY 24052, the antibodies were
expressed, purified and evaluated for antigen-dependent bispecific antibody-mediated tumor cell
kniling activity {FIG. 19). For in vitro cytotoxicity assays, naive human pan-T-cells were isolated
from fresh human blood and ruixed with HER 2-positive tumor cells (SKOV3) along with
increasing amounts of bispecific antibody for 24 hours (target cells: ix10* cells/well, E:T=10:1). As

show in FIG. 19, dose dependent killing was observed for TY24051 and TY24052, and TY 24052
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showed about 800-fold increase the ECs0, compared with TY 24051, No specific killing was

observed with isotype control.
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CLAIMS

What 1s claimed is:

i.

r2

43

A heterodimeric protein comprising a first polypeptide comprising a first immunoglobulin heavy
chain constant domain 3 (CH3 domain} and a second polypeptide comprising a second CH3
domain, wherein:

1) the first CH3 domain comprises a cysteine {C) residue at position 390 and the second CH3
domain comprises a cysteine residue at posttion 400, or the first CH3 domain comprises a
cvsteine residue at position 400 and the second CH3 domain comprises a cysteine residue at
position 390; or

it} the first CH3 domain comprises a cysteine residue at position 392 and the second CH3 domain
cormprises a cysteine residue at position 397, or the first CH3 domain comprises a cyvsteine
residue at position 397 and the second CH3 domain comprises a cysteine residue at position 392;
or

111} the first CH3 domain comprises a cvsteine 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.

The heterodimertc protein of claim 1, wherein:

1} 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; or

1t} the first CH3 domain 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 K392 substitution; or

tit) 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 substituion.

The heterodimeric protein of claira 1 or claim 2, wherein:
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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

it} 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 coroprises a negatively charged residue at position 370 and the second CH3
domain further comprises a positively charged residue at posttion 411; or

ii1} 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 posttion 370 and the second CH3
domain further comprises a positively charged residue at position 364; or

a combination of 1} and 11}, or a combination of i} and 1it); and

wherein the arsino acid residue numbering is based on EU nurnbering.

The heterodimeric protein of any one of claims 1-3, wherein 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 position 439, or first CH3 domain further comprises a
egatively 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.

The heterodimeric protein of claim 3 or claim 4, wherein:

1) the positively charged residue is a lysine (K residue, and the negatively charged residue 15 an
aspartic acid (I3} residue; or

it} the positively charged residue 1s a lysine (K} residue, and the negatively charged residueis a
ghutamic acid (E) residue; or

i11) the positively charged residue is an argivune (R) restdue, and the negatively charged residue 1s
an aspartic acid (D) residue; or

1v) the positively charged residue is an arginine (R) residue, and the negatively charged residue is

a glutamic acid (E) residue.
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The heterodimeric protein of claim 5, wherein:

1) 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; or
it} the first CH3 domain comprises E3S7K and S364K substitutions and the second CH3 domain
comprises L3510 and K370D substitutions, or the fivst CH3 domain comprises L351D and
K370D substitutions and the second CH3 domain comprises E357K and S364K substitutions; or
111} the first CH3 domain comprises D356K, E357K and S364K substitutions and the second CH3
domain comprises L3510, K370D and K439D substitutions, or the first CH3 domain comprises
L3510, K370D and K439D substitutions and the second CH3 domain comprises D356K, E357K

and S364K substitutions.

The heterodimeric protein of any one of claims 1-5, wherein:

1) the first CH3 domain further comprises K392D and K409D substitutions and the second CH3
domain further comprises 356K and D399K substitutions, or the first CH3 domain further
comprises D356K and D399K substitutions and the second CH3 domain further comprises
K3920 and K409D substitutions; or

11} the first CH3 domain further comprises L3683 and K3708 substitutions and the second CH3
domain further comprises E357( and S3641 substitutions, or the first CH3 domain further
comprises E357Q and 364K substitutions and the second CH3 domain further comprises L368D
and K3708 substitutions; or

111} 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 L368E substitutions and the second CH3 domain further comprises L351K
and T366K substitutions; or

{(iv) the first CH3 domain further comprises P393K, P396K and V397K substitutions and the
second CH3 domain comprises T394D, P395D and P396E substitutions, or the first CH3 domain
forther comprises T394D, P395D and P396D substitutions and the second CH3 domain further
comprises P39SK, 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
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comprises F405K and Y407K substitutions and the second CH3 domain further comprises

F40SE, Y407E and K409E substitutions.

The heterodimeric protein of claim 6, wherein

i} the first CH3 domain comprises E357K, 8364K and N390C substitutions and the second CH3
domain comprises L3510, K370D, and S400C substitutions, or the first CH3 domain comprises
L351D, K3700, and S400C substitutions and the second CH3 domain comprises E357K, §364K
and N390C substitutions; or

11} the first CH3 domain comprises E357K, S364K and S400C substitutions and the second CH3
domain comprises L3310, K370D, and N390C substitutions, or the first CH3 domain comprises
L3310, K370D, and N390C substitutions and the second CH3 domain comprises E357K, 8364K
and S400C substitutions; or

iti} the first CH3 domain comprises D336K, HE357K, 5364K and S400C substitutions and the
second CH3 domain comprises L351D, K370, N390C and K439D substitutions, or the first
{CH3 domain comprises L351D, K370D, N390C and K439D substitutions and the second CH3
domain comprises B356K, E3STK, 8364K and $400C substitutions; or

tv) the first CH3 domain comprises D356K, E357K, S364K and N390C substitutions and the
second CH3 domain comprises L3510, K370D, K439D and 8400C substitutions, or the first
CH3 domain comprises L3515, K3700, K439D and 8400C substitutions and the second CH3

domain comprises D356K, E357K, S364K and N390C substitutions.

The heterodimeric protein of any one of claims 1-8, wherein the first CH3 domain and the second

CH3 domain further comprise knob-into-hole residues.

The heterodimeric protein of claim 9, wherein:

1} the first CH3 domain comprises T3368, L.368A 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 T3365, L368A and Y407V substitulions; or

it} the first CH3 domain comprises L368V and Y407V substitutions and the second CH3 domain
cormprises T366W substitution, or the first CH3 domain comprises T366W substitution and the

second CH3 domain comprises L368V and Y407V substitutions.
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A heterodimeric protein comprising a first polypeptide comprising a first CH3 domain and a
second polypeptide comprising a second CH3 domain, wherein:

1) the first CH3 domain comprises a positively charged residue at position 357 and the second
CH3 domain 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, or

it} the first CH3 domain comprises a positively charged residue at position 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; or

111} the first CH3 domain coraprises 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; and wherein the amino acid residue numbering 13

based on EU numbering.

. The heterodimeric protein of claim 11, wherein the first CH3 domain comprises a charged

residue at position 356 and the second CH3 domam comprises a negatively charged residue at
position 439, or first CH3 domain comprises a negatively charged residue at position 439 and the
second CH3 domain comprises a positively charged residue at position 356; and wherein the

aroino acid residue numbering is based on EU numbering.

. The heterodimeric protein of claim 11 or claim 12, wherein:

1) the positively charged residue is a lysine (K residue, and the negatively charged residue 15 an
aspartic acid (I3} residue; or

it} the positively charged residue 15 a lysine (K} residue, and the negatively charged residueis a
ghutamic acid (E) residue; or

i11) the positively charged residue is an argivune (R) residue, and the negatively charged residue 1s
an aspartic acid (D) residue; or

1v) the positively charged residue is an arginine (R) residue, and the negatively charged residue is

a glutamic acid (E) residue.
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The heterodimeric protein of claim 13, wherein:

1) 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; or
it} the first CH3 domain comprises E3S7K and S364K substitutions and the second CH3 domain
comprises L3510 and K370D substitutions, or the fivst CH3 domain comprises L351D and
K370D substitutions and the second CH3 domain comprises E357K and S364K substitutions; or
111} the first CH3 domain comprises D356K, E357K and S364K substitutions and the second CH3
domain comprises L3510, K370D and K439D substitutions, or the first CH3 domain comprises
L3510, K370D and K439D substitutions and the second CH3 domain comprises D356K, E357K

and S364K substitutions.

. The heterodimeric protein of any one of claims 11-14, wherein:

1) 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 K392C substitution; or

it} the first CH3 domain further comprises Y394C substitution and the second CH3 domain
further coraprises S354C substitution, or the first CH3 domain further coraprises $354C
substitution and the second CH3 domain further comprises Y394C substitution; or

ii1} the first CH3 domain further comprises D356C substitution and the second CH3 domain
further comprises Y349C substitution, or the first CH3 domain further comprises Y349C

substitution and the second CH3 domain further comprises D356 substitution.

The heterodimeric protein of any one of claims 1-15, wherein the first CH3 domain and the

second CH3 domain are human CH3 domais.

7. The heterodimeric protein of any one of ¢laims 1-16, wherein the first polyvpeptide and the

second polypeptide each comprises from the N-terminus to the C-terminus at least a portion of an
irnmunoglobulin hinge region, an immunoglobulin heavy chain constant domain 2 (CH2

domain), and the CH3 domain.
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The heterodimeric protein of claim 17, wherein the CH2 domains and the CH3 domains form an

ig(G Feregion.

The heterodimeric protein of claim 18, wherein the Fc region is of the human Ig(G1 subclass.

The heterodimeric protein of claim 18, wherein the Fc region 1s of the human Ig(G4 subclass.

The heterodimeric protein of claim 20, wherein the Fc region further comprises S228P

substitution.

2. The heterodimeric protein of any one of claims 18-20, wherein the Fe region further comprises

N297 A subsiitution.

The heterodimeric protein of any one of claims 1-22, the first polypeptide and the second
polypeptide are antibody heavy chains, and wherein the heterodimeric protein further comprises

one or more antibody light chains.

. The heterodimenc protein of claim 23, wherein the heterodimeric protein is a multispecific

antibody.

. The heterodimeric protein of clairn 24, further comprising a third polypeptide and a fourth

polypeptide, wherein:
(i) the first polvpepiide comprises a structure represented by the formula:
VHI1-CHI-hinge-CH2-first CH3-L1-scFvl (a);

(11) the second polypeptide comprises a structure represented by the formula:
VH2-CHI1-hinge-CH2-second CH3-L2-scFv2Z (1la);

{111} the third polypeptide comprises a structure represented by the formula:

VLI-CL (Ib); and
(iv) the fourth polypeptide comprises a structure represented by the formula;
VLZ-CL (1ib);
wherein:

VL1 is a first immunoglobulin light chain variable domain;
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VH1 is a first immunoglobulin heavy chain vanable domain;

VL2 15 a second immunoglobulin light chain variable domain;

VH2 is a second immunoglobulin heavy chain variable domain;

scFv1 is a first single-chain variable fragment;

scFvZ 18 a second single-chain variable fragment;

CL 1s an immunoglobulin light chaim constant domain;

CH1 15 an immunoglobulin heavy chain constant domain 1;

CH2 1s an immunoglobulin heavy chain constant domain 2;

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

L1 and L2 s each independently a bond or a peptide hinker;

wherein VL1 and VH1 associate 1o form a first Fv that specifically binds to a first target;

wherein VL2 and VH2 associate to form a second Fv that specifically binds to a second target;

wherein scFvl specifically binds to a third target; and

wherein scFv2 specifically binds to a fourth target.

. The heterodimeric protein of claim 235, wherein scFv1 and scFv2 are identical.

. The heterodimeric protein of claim 25 or 26, wherein VL1 and VL2 are identical.

. The heterodimeric protein of claim 26 or 27, wherein the first Fv specifically binds PDL1, the

second Fv specifically binds CD137, and scFv1 and scFv2 specifically bind CTLA-4.

28. The heterodimeric protein of claim 24, further comprising a third polvpeptide, wherein:

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

VH-CHI-hinge-CH2-first CH3 (Iila);,

{(11) the second polypeptide comprises a structure represented by the formula;

scFv-hinge-CH2-second CH3 (IVa): and

(111} the third polypeptide comprises a structure represented by the formula:

wherein:

VL-CL (ilib);

VL 1s an immumoglobulin light chain variable domain;

VH is an immunoglobulin heavy chain variable domain;
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scFv is a single-chain variable fragment;

CL s an immunoglobulin light chain constant domain;

CHI1 1s an momunoglobulin heavy chain constant domain 1

CH2 1s an immunoglobulin heavy chain constant domain 2;

and hinge is an immunoglobulin hinge region connecting the CH1 and CH2 domains;
wherein VL and VH associate to form an Fy that specifically binds 1o a {irst target; and

wherein the scFv specifically binds to a second target.

0. The heterodimeric protein of claim 29, wherein the Fv specifically binds C3137 and the scFy

spectfically binds PDLI.

The heterodimeric protein of claim 24, wherein the heterodimeric protein is an activatable
antibody, wherein the heterodimeric protein comprises a third polypeptide, and wherein:
(1) the first polypeptide comprises a structure represented by the formula:
VH-CHI1-hinge-CH2-first CH3 (Va);
(i1} the second poly peptide comprises a structure represented by the formula:
MM 1-CM1-scFv-hinge-CH2-second CH3 (Via); and
(111} the third polvpeptide comprises a structure represented by the formula:
MM2-CM2-VL-CL (IVb}:

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 13 an immunoglobulin light chamn constant domain;

CHI1 1s an immunoglobulin heavy chain constant domain 1

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

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

MM1 is a first masking peptide;

MMZ is a second masking peptide;

M1 is a first cleavable peptide; and

CM2 s a second cleavable peptide;

wherein VL and VH associate to form a first Fv that specifically binds to a first target;
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wherein the scFv specifically binds to a second target;
wherein MM]1 inhibits the binding of the scFv to the first target when CM1 is not cleaved; and

wherein MM2 inhibits the binding of the first Fv to the second target when CM2 is not cleaved.

The heterodimeric protein of claim 29 or 31, wherein the first target is a tumor antigen, and the

second targetis CD3.

. The heterodimeric protein of claim 31 or 32, wherein MM]1 comprises the amino acid sequence

of SEQ 1D NO: 35,

The heterodimeric protein of claim 32 or 33, wherein the first target 1s HERZ.

. The heterodimeric protein of claim 34, wherein MM2 comprises the amino acid sequence of SEQ

1D NG: 36

. An activatable antibody comprising: a first polypeptide comprising, from N-terminus to C-

terminus, a masking moiety (MM}, a cleavable moiety (CM), and a target binding moiety (TBM),
wherein the MM comprises the anuno acid sequence of SEQ 1D NO: 35; wherein the MM
inhibits binding of the activatable antibody to human CD3 when the CM is not cleaved; wherein
the CM comprises at least a first cleavage site; and wherein:

a) the TBM comprises a VL and the activatable antibody further comprises a second polypeptide
comprising a VH;

b} the TBM comprises a VH and the activatable antibody further comprises a second polypeptide
comprising a VL;

¢) the TBM comprises from the N-terminus to the C~terovinus, a VL and a VH; or

d} the TBM comprise from the N-terminus to the C-terminus, a VH and a VL; and

wherein the activatable antibody binds to human CD3 via the VH and VL when the CM is

cleaved.

. An activatable antibody comprising: a first polypeptide comprising, from N-terminus to C-

termainus, a masking moiety (MM}, a cleavable moiety {(CM), and a target binding motety (TBM),

wherein the MM comprises the anuno acid sequence of SEQ 1D NO: 36; wherein the MM
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inhibits binding of the activatable antibody to human HERZ when the CM is not cleaved;
wherein the CM comprises at ieast a first cleavage site; and wherein:

a) the TBM comprises a VL and the activatable antibody further comprises a second polypeptide
comprising a VH;

b} the TBM comprises a VH and the activatable antibody further comprises a second polypeptide
comprising a VL,

¢} the TBM comprises from the N-ternunus to the C-termanus, a VL and a VH; or

d) the TBM comprise from the N-terminus to the C-terminus, a VH and a VL; and

wherein the activatable antibody binds to human HER2 via the VH and VL when the CM 1s

cleaved.

The activatable antibody of claim 36 or 37, comprising a first polypeptide, a second polypeptide
and a third polypeptide, wherein:
(1) the first polypeptide comprises a structure represented by the formula:
VH-CHI1-hinge-CH2-first (H3 (Va);
(i1} the second poly peptide comprises a structure represented by the formula:
MM 1-CM1-scFv-hinge-CH2-second CH3 (Via); and
(111} the third polvpeptide comprises a structure represented by the formula:
MM2-CM2-VL-CL (IVb}:
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 13 an immunoglobulin light chamn constant domain;
CHI1 1s an immunoglobulin heavy chain constant domain 1
CH?Z is an immunoglobulin heavy chain constant domain 2;
hinge is an immunoglobulin hinge region comnnecting the CH1 and CH2 domains;
MM1 is a first masking peptide;
MMZ is a second masking peptide;
M1 is a first cleavable peptide; and
CM2 s a second cleavable peptide;

wherein VL and VH associate to form a first Fv that specifically binds to a first target;
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39.

40.

41.

42.

43.

44,
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wherein the scFv specifically binds to a second target; and wherein MM 15 MM1 or MM?2.

The heterodimertc protein of any one of claims 32-35 or the activatable antibody of claim 36 or
38, wherein the first Fv or the TBM comprises a VH comprising an CDR-HI comprising the
amino acid sequence of SEQ 1D NO: 61, a CDR-H2 comprising the amino acid sequence of SEQ
IB NG: 62, and/or a CDR-H3 comprising the amino acid sequence of SEQ ID NO: 63 In some
ernbodirvents, the TBM comprises a VL comprising a CDR-LI comprising the anuno acid
sequence of SEQ 1D NO: 64, a CDR-LZ comprising the amino acid sequence of SEQ 1D NO: 65,
and/or a CDR-L3 comprising the aming acid sequence of SEQ ID NG: 66.

The heterodimeric protein of claim 34 or 35, or the activatable antibody of any one of claims 37-
39, wherein the scFv or the TBM comprises a VH comprising an CDR-HI comprising the amino
acid sequence of SEQ ID NO: 69, a CDR-H2 comprising the amino acid sequence of SEQ ID
MNO: 70, and/or a CDR-H3 comprising the aminoe acid sequence of SEQ ID NG: 71, In some
embodiments, the TBM comprises a VL comprising a CDR-L! comprising the anuno acid
sequence of SEQ 1D NGO: 72, a CBR-L2 comprising the amino acid sequence of SEQ 1D NG: 73,

and/or a CDR-L3 comprising the amino acid sequence of SEQ ID NG: 74

The heterodimeric protein of any one of claims 31-35 or the activatable antibody of any one of
claims 36-40, wherein the activatable antibody comprises an Fc region comprising a first CH3
domain and a second CH3 domain, wherein the first CH3 domain comprises D356K, E357K,
S364K and S400C substitutions and the second CH3 domain comprises L3510, K370D, N390C
and K4390 substitutions, or the first CH3 domain comprises L351D, K370D0, N390C and K439D
substitutions and the second CH3 domain comprises D356K, E357K, 8364K and 5400C

substitutions.

One or more nucleic acid(s) encoding the heterodimeric protein of any one of claims 1-35 and

39-41 or the activatable antibody of any one of claims 36-41.

A vector comprising the one or more nucleic acid(s) of claim 42,

A host cell comprising the one or more nucleic acid(s) of clairn 42 or the vector of claim 43.
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47.

48.

49.

50.
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5. A method for prepanng a heterodimeric protein or an activatable antibody, comprising:

{a) culturing the host cell of claim 44 under conditions that allow expression of the one or more
nucleic acid(s} or vector; and

{b) recovering the heterodimeric protein or the activatable antibody from the host cell culture.

A pharmaceutical corposition comprising the heterodimeric protein of 1-35 and 39-41 or the

activatable antibody of any one of claims 36-41, and a pharmacewtically acceptable carrier.

A method for treating a disease or condition in a subject in need thereof, comprising

adnunistering to the subject an effective amount of the pharmaceutical composition of claim 46.

The method of claim 47, wherein the disease or condition 1s cancer.

The method of claim 48, wherein the cancer is lung cancer.

The method of claim 48, wherein the cancer is ovanan canger.
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