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ANTI-POSHER? ANTIBODIES AND METHODS FOR THEIR USE

FIELD OF THE INVENTION
{60601] The present invention relates to novel anti-p95SHER?2 antibodies (as monocional antibodies
or as used in other formats, such as bispecific or multi-specific formats) and compositions
comprising such antibodies or cells activated by such antibodies for use in treating disorders

associated with HER2, including p95HERZ, such as human cancer therapy.

INCORPORATION BY REFERENCE OF A SEQUENCE LISTING
{6002} The instant application contains a Sequence Listing which has been submitted
electronically in XML format and is hereby incorporated by reference in its entirety. Said XML

file, created on Apnl 17, 2024, 153 named ADAN-002-01WO xml and 15 692 KB n size.

BACKGROUND OF THE INVENTION

{8803} The epidermal growth factor receptor (EGFR) family {also known as the ErbB familv)isa
subgroup of the receptor tyrosine kinases (RTKs), which includes four members: EGFR/ErbB,
HER2Z/EMB2, HER3/ErbB3 and HER4/ErbB4. The ErbB family of receptors regulate, among
other functions, control over events leading to cell growth, differentiation and migration. EGFR,
HER? and HER3 have been linked to developrient of cancer i normal cells and in the coutinued
growth and/or metastatic spread of cancer cells. For example, both EGFR and HERZ are
overexpressed by many epithelial cancers, and associated with disease progression, poor prognoses
and poor drug response, as well as chemotherapy resistance in many epithelial cancers; FDA-
approved therapeutics that are functional antagonists of these molecules have had significant
success in mitigating EGFR- and HERZ-driven disease.

18604] Human epidermal growth factor receptor 2 (HERZ, also known as ErbB2 or Ney;
UniProtKB/Swiss-Prot No. P04626) has 1233 amino acids and 18 structurally stmilar to EGFR
with an extracellular domain consisting of four subdomains I-1V, a transmembrane domain, a
juxta-membrane domain, an intracellular cytoplasmic tyrosine kinase and a regulatory C-terminal
domain {Yamamoto et al. {1986} Nature 319: 230-234).

{0005} HERZ has no known ligands, but is activated via formation of heteromeric complexes with

other ErbB family members and thereby indirectly regulated by EGIFR and HER3 ligands. HER2
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is & heterodimerization partner of the three other EGFR receptors, enbancing the affinity of the
other EGFR receptors for their ligands by slowing the rate of ligand-receptor complex dissociation.
Thus, for example, HER2 enhances and prolongs signaling of the associated EGFR chain.
Heterodimerization of HER2 and another ligand-bound receptor of the EGFR family induces
cross-phosphorylation of the C-terminal amino acids that act as scaffolds for certain signaling
molecules.

[8606] The HER2-HER3 complex is the most active among the various heterodimers, and HER2
also complements the kinase-deficient HER3 by providing an active kinase. Unlike some other
EGFR family members, HERZ resists internalization and thus escapes lysosomal degradation such
that it remains at the cellular membrane.

I8607] HER2 in normal tissues modulates signaling that is initiated through Hgand-bound ErbB
receptor. Like EGFR, HERZ 15 geverally expressed in epithelial cells where it has a non-oncogentic
role in regulating growth, differentiation, apoptosis and remodeling in sormal mammary gland
development.

{8808] Like EGFR, excess HER2 on the cell surface causes transformation of epithelial celis from
multiple tissues. HERZ overexpression is linked with a range of human tumors, including 20-30%
of invasive ductal carcinomas, and is a known predictor of poor survival in breast cancer patients.
{6009} In certain cancers, a heterogeneous group of truncated HER2 fragments, collectively
knowu in the literature as p9SHERZ, can be detected. One of these fragments, the c-terminal
fragment of HER2 with an N-terminus arising from methionine 611 of the full-length sequence of
pi8SHER? (p95-CTFo61 1-HERZ) has been discovered to be highly oncogenic due to the ability of
the isoform to form stable homodimers that are constitutive kinases due 1o an unpaired cysteine
residue that results in intermolecular disulfide bonding of the two monomers resulting in a forced
active dimer. Hereafter, unless otherwise specified the term p9SHERZ will refer to the isoform
p93-CTF61I-HERZ, Given its oncogenic nature, unsurprisingly, p95HERZ2is expressed in a

subgroup of HERZ-positive breast cancers,

BRIEF SUMMARY OF THE INVENTION
{8816} Unfortunately, p95-CTFO611-HER2 isoform of HER2 is not recognized by most
conventional treatments for HER2-overexpressing cancers, such as trastuzumab, pertuzumab,

enhertu, and trastuzomab-DM-1, because the p95SHER?Z fragments lack the epitopes recognized by
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these approved antibody-based current therapies. Thas, there is serious unmet medical need to
address the oncogenic properties of p95-CTF611-HERZ in the broader population of HER2-driven
diseases which include but are not Hmited to breast cancer,

{6611} The present invention is directed to novel peptides {(eg., antibodies and antibody
fragments) that bind to p95HERZ (e, p95-CTFO11-HER2, unless otherwise specificized). The
present invention alse includes compositions comprising one or more of these peptides/antibodies,
or fragments thereof, and/or immune cells that are modified to include and/or be activated by one
or more of these antibodies, or fragments thereof, to treat a disease or condition, such as breast
cancer. Antibodies of the present invention may similarly find use in the treatment of other HER2
overexpressing cancers, such certain forms of ovarian and gastric cancer.

{8612 The presently disclosed antibodies may underly treatments that are far more effective than
current therapies for ameliorating HERZ overexpressing cancers, particularly in patients that
express p9SHERZ. The presently disclosed pOSHERZ antibodies of the invention may be included
as part of a treatment regime, which may include, for example, providing two or more such
antibodies and/or multi-specific antibodies.

[8613] The present invention further relates to novel anti-p9SHER2 antibodies {as monoclonal
antibodies or as used in other formats, such as bispecific or multi-specific formats) and
compositions comprising such antibodies or cells activated by such antibodies for use in treating
disorders associated with p9SHERZ, such as human cancer therapy. The present invention also
includes compositions comprising one or more of these peptides/antibodies, or fragments thereof,
and/or immune cells that are modified to include and/or be activated by one or more of these
antibodies, or fragments thereof, to treat a disease or condition, such as cancer. Antibodies of the
present invention may similarly find use as a targeting arm of a bispecific or multi-specific format.
{0014} In one aspect, the present invention provides an anti-p95HERZ antibody or antibody
fragment comprising. a heavy chain CDR3 sequence (VH) comprising an amino acid sequence
selected from one of SEQ D NOGS: 2-65 and 514, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at feast 90%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ ID NOS. 2-65 and S14; a heavy
chain CDR2 sequence {VH) comprising an amino acid sequence selected from one of SEQ 1D
NOS: 258-321 and 518, and/or a sequence that comprises an amino acid sequence having at least

85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence
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identity with any of SEQ ID NOS§: 258-321 and S18; a heavy chain CDRI sequence {(VH)
comprising an amino acid sequence selected from one of SEQ ID NOS: 130-193 and 516, and/or
a sequence that comprises an amino acid sequence having at least 85%, at least 90% at feast 95%,
at least 96%, at least 97%, at least 98% or at least 99% sequence identity with any of SEQ 1D
NOS: 130-193 and 516; a light chain CDR3 sequence (VL) comprising an amino acid sequence
selected from one of SEQ 1D NOS: 66-129 and 513, and/or a sequence that comprises an amino
acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least
98% or at least 99% sequence identity with any of SEQ I NOS: 66-129 and 515, a light chain
CDR2 sequence (VL) comprising an amino acid sequence selected from one of SEQ ID NOS:
322-385 and 519, and/or a sequence that comprises an annino acid sequence having at Jeast 85%,
at least 90% at least 93%, at least 96%, at least 97%, at least 98% or at least 99% sequence identity
with any of SEQ ID NOS: 322-385 and 519; and/or a light chain CDR1 sequence (VL) comprising
an amine acid sequence selected from one of SEQ 1D NOS: 194-257 and 517, and/or a sequence
that comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least
96%, at least 97%, at least 98% or at least 99% sequence identity with any of SEQ ID NOS: 194-
257 and 517,

{0015} In one aspect, the present invention provides an anti-p9SHERZ antibody or antibody
fragment comprising one or more of’

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 514;

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an amino geid sequence having at least 85%, at least 909% at least 95%, at least 96%, at
feast 97%, at least 98% or at least 99% sequence identity with SEQ 1D NO: 518,

a heavy chain CDRI sequence {VH) comprising an amino acid and/cr a sequence that comprises
an amino acid sequence having at teast 85%, at least 90% at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity with SEQ D NG: 516,

a light chatn CDR3 sequence (VL) comprising an amino acid and/or a sequence that comprises an
amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at

least 98% or at least 99% sequence identity with SEQ ID NO: §15;
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a light chain CDR2Z sequence (VL) comprising an amino acid sequence and/or & sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
feast 97%, at least 98% or at least 99% sequence 1dentity with SEQ ID NO: 519; and a light chain
CDR1 sequence (VL) comprising an amino acid sequence and/or a sequence that comprises an
amino acid sequence having at least 85%, at least 90% at feast 95%, at least 96%, at least 97%, at
feast 98% or at least 99% sequence identity with SEQ ID NO: 517,

{0016} In one aspect, the present invention provides an anti-p95SHER?Z antibody or antibody
fragment comprising a VH chain comprising one ot more of!

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an arnino acid sequence having at least 83%, at least 90% at least 95%, at least 96%, at
feast 97%, at least 98% or at least 99% sequence identity with SEQ 1D NO: 514;

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
teast 97%, at least 98% or at least 99% sequence wdentity with SEQ 1D NO: 518; and

a heavy chain CDR1 sequence {VH) comprising an amino acid and/or a sequence that comprises
an amino acid sequence having at teast §5%, at least 90% at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence wdentity with SEQ IDNO: S16.

{6617} In certain aspects, the anti-p95HERZ antibody further comprises a VL chain comprising
one ot more of;

a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from one of SEQ
1D NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence having at least
85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence
identity with any of SEQ ID NOS: 66-129 and 515;

a light chain CDR2 sequence (VL) comprising an amino acid sequence selected from one of SEQ
1D NOS: 322-385 and 519, and/or a sequence that comprises an amino acid sequence having at
feast B5%, at feast 90% at least 95%, at least 96%, at least 97%, at least 98% or at feast 99%
sequence identity with any of SEQ 1D NOS: 322-385 and 519; and

a light chain CDR1 sequence (VL) comprising an amino acid sequence selected from one of SEQ
1D NOS: 194-257 and 517, and/or a sequence that comprises an amino acid sequence having at
least 85%, at least 90% at least 95%, at least 96%, at least 97

sequence tdentity with any of SEQ 1D NOS: 194-257 and S17.

%, at least 98% or at least 99%

5

SUBSTITUTE SHEET (RULE 26)



WO 2024/226522 PCT/US2024/025860

[6018] In one aspect, the present invention provides an anti-p9SHER?2 antibody or antibody
fragment comprising a VL chain comprising one or more of;

a light chain CDR3 sequence (VL) comprising av amino acid and/or a sequence that comprises an
amino acid sequence having at least 85%, at least 90% at least 9594, at least 96%, at least 97%, at
least 98% or at least 99% sequence identity with SEQ ID NG: 515;

a fight chain CDR2 sequence (VL) comprising an amine acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
least 97%, at least 98% or at feast 99% sequence identity with SEQ ID NO: 519; and

a light chain CDR1 sequence (VL) comprising an amino acid sequence and/or a sequence that
comprises an arnino acid sequence having at least 83%, at least 90% at least 95%, at least 96%, at
feast 97%, at least 98% or at least 99% sequence identity with SEQ 1D NO: 517,

{0019} Additionally or alternatively, an anti-p95HER2 antibody or antibody fragment of the
present invention may comprise a heavy chain variable region encoded by a nucleic acid sequence
and/or a nucletc acid sequence having at least 85%, at least 90% at least 95.5%, at least 96%, at
feast 97%, at least 98% or at least 99% sequence identity with SEQ) 1D NO: 841, Additionally or
alternatively, an anti-p95HERZ antibody or antibody fragment of the present invention may
comprise a light chain variable region encoded by a nucleic acid sequence and/or a vucleic acid
sequence having at least 85%, at least 90% at least 95.5%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with SEQ ID NO: 842,

{0020} In certain aspects, the such an anti-p?5HER?2 antibody further comprises a VL chain
comprising one or more of:

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence selected from one of SEQ
IDNOS: 2-65 gnd 514, and/or g sequence that comprises an amino acid sequence having at least
B5%, at least 90% at Ieast 93%, at least 90%, at least 97%, at least 98% or at least 99% sequence
identity with any of SEQ ID NOS: 2-65 and 514;

aheavy chain CDR2 sequence {VH) comprising an amino acid sequence selected from ove of SEQ
{0 NOS: 258-321 and 518, and/or a sequence that comprises an amino acid sequence having at
feast 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
sequence identity with any of SEQ 1D NOS: 258-321 and 518; and

aheavy chain CDRI sequence {VH) comprising an amino acid sequence selected from one of SEQ

1 NOS: 130-193 and 516, and/or a sequence that comprises an amino acid sequence having at
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feast 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or ai least 99%
sequence identity with any of SEQ 1D NOS: 130-193 and 516.

{0021} In certain aspects, the present tnvention provides an anti-p93HER?2 antibody or antibody
fragment comprising a heavy chain CDR3 sequence (VH) comprising an amino acid sequence
selected from one of SEQ D NOS: 2-65 and 514, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SE(} 1D NOS: 2-65 and 514, Additionally or
alternatively, an anti-p93HER2 antibody or antibody fragment of the present invention may
comprise a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from
one of SEQ ID NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence wdentity with any of SEQ ID NOS: 66-129 and 515,

{0022} Additionally or alternatively, the present tnvention provides an anti-p9SHER?Z antibody or
antibody fragment comprising a heavy chain CDR3 sequence (VH) comprising an amino scid
sequence selected from one of SEQ 1D NOS: 2-65 and 514, and/or a sequence that comprises an
amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at
least 98% or at least 99% sequence identity with any of SEQ ID NOS: 2-65 and 514, and a light
chain CDR3 sequence (VL) comprising an amino acid sequence selected from one of SEQ ID
NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence having at least
85%, at least 90% at least 95%, at least 90%, at least 97%, at least 98% or at least 99% sequence
identity with any of SEQ ID NOS: 66-129 and 515

{6623 Another aspect of the invention relates to nucleic acid molecules comprising a nuclectide
sequence that encodes an antibody, VL variable region sequence, VH variable region sequence,
VI, CBR3 sequence, VH CDR3 sequence, VE CDR2 sequence, VH CDR2 sequence, VL CDR1
sequence, and/or VH CDR1 sequence as set forth herein. In certain aspects, the invention
comprises a nucleic acid encoding at least a portion of an anti-p3SHERZ antibody of the 1nvention.
{n certain aspects, the nucleic acid encodes at least the VH sequence. In certain aspects, the VH
chain, or portion thereof, is encoded by a nucleic acid having at least 95%, at least 96%, at least
97%, at least 98% or at least 99% similarity with SEQ ID NO: 841, In certain aspects, the VH
chain, or portion thereof, is encoded by a nucleic acid comprising SEQ ID NO: 841, In certain

aspects, the VL chain, or portion thereof, is encoded by a nucleic acid having at least 95%, at least
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96%, at least 97%, at least 98% or at least 99% similanity with SEG ID NGO 842, In ceriain aspects,
the VL chain, or portion therecf, is encoded by a nucleic acid comprising SEQ 1D NO: 842,
{0024} A further aspect of the tnvention relates to an expression vector comprising a nucleic acid
molecule as defined above. As noted above, expression vectors for use in the context of the present
wvention may be of any suitable type known in the art, e.g., a plasmid or a viral vector. In certain
aspects, said vector comprises a nucleic acid comprising at least 95.5%, at feast 96%, at least 97%,
at least 98% or at least 99% similarity with one or both of SEQ 1D NOS: 841 and 842,

{6025} A still further aspect of the invention relates to a host cell comprising a nucleic acid
molecule as defined above, wherein said host cell is capable of expressing an anti-p@SHER2
antibody encoded by said nucleic acid molecule.

{8626 Additionally or alternatively, an anti-p9SHERZ2 antibody or antibody fragment of the
present tnvention may comprise a heavy chain variable region comprising an amino acid sequence
selected from one of SEQ ID NOS: 386-449, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SE(} ID NOS: 386-449. Additicnally or alternatively,
an anti-p9SHERZ antibody or anttbody fragment of the present invention may comprise a light
chain variable region comprising an amino acid sequence selected from one of SEQ ID NOS: 450-
513, and/or a sequence that comprises an amino acid sequence having at least 85%, at least 90%
at feast 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence identity with any of
SEQ D NOS: 450-513

[8627] Additionally or alternatively, an anti-p93HERZ2 antibody or antibody fragment of the
present invention may comprise a heavy chain variable region comprising an amino actd sequence
selected from one of SEQ ID NOS: 386-449, and/or a sequence that comprises an amino scid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at feast 98%
or at feast 99% sequence identity with any of SEQ ID NOS: 386-449 and a light chain variable
region comprising an amino acid sequence selected from one of SEQ 1D NOS: 450-513, and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at least 96%, at least 97%, at Teast 98% or at least 99% sequence identity with any of SEQ ID

NOS: 450-513.
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[6028] In certain aspects, the present invention provides methods for treating a disorder, such as
cancer, using one or more antibodies of the invention as described above, by, at least administering
such antibodies to a subject, such as a human subject.

{6029] In certain aspects, the anti-p9SHER?2 antibodies of the invention are, or form a part of, a
multispecific antihody.

[863¢] Mulitispecific antibodies are monoclonal antibodies that have binding specificities for at
least two different sites. In some embodiments, bispecific antibodies may bind to two different
epitopes of p95SHER2. In some embodiments, one of the binding specificities is for pOSHERZ and
the other is for any other antigen (e.g., a second biclogical molecule, e.g., a cell surface antigen,
e.g, a mor antigen), such as CD3 or epitopes thereof (e.g, CD3g or CD3y).

I8631] Accordingly, a bispecific anti-p95HER2 antibody may have binding specificities for
p95HER? and a second biological molecule. For example, n preferred aspects, a bispecific
antibody/therapy of the invention includes an anti-p9SHERZ antibody attached (e.g., conjugaied)
to an immune cell recruiter. Exemplary tmmune cells include, for example, T cells, macrophages,
Natural Killer cells, and the ltke. Thus, for example, a bispecific pOSHERZ antibody of tnvention
may include an anti-pOSHERZ antibody or fragment and a CD3 antibody or fragment that activates
and/or recruits a T cell to a cell expressing pOSHER?2.

{6032} In certain aspects, the present invention provides antibody conjugates (ADCs) and/or
compositions comprising such ADCs, wherein said ADCs comprise an anti-p9SHERZ2 antibody of
the invention linked or conjugated to another therapeutic agent, such as an anti-cancer agent, or
targeting/delivery moiety, via a chemical inkage or scaffold. The invention further provides ADCs
comprising two or more different anti-p9SHERZ antibodies or fragment thereof, wherein each
different anti-p95HER?Z antibody or fragment targets a different p9SHER2 fragment or epitope.
{8833] A further aspect of the invention refates fo a nucleic acid molecule having a nucleotide
sequence that encodes an anti-p95SHER? antibody or fragment thereof, as disclosed herein, as well
as expression vectors comprising such a polynucleotide and host cells that have been transfected
with such an expression vector.

{6034} Aspects of the invention also provide methods for producing the anti-pOSHERZ antibodies,
fragments thereof, and compositions of the invention.

[8035] The present invention also provides methods for treating a disease in a human or animal

subject, 1 particular treatment of cancer in humans, by administering an  anti-
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p9SHERZ antibody or composition of the invention to said subject. The nvention also includes
the use of one or more anti-p9SHERZ antibodies of the invention for preparation of a medicament
for use in treating a disease in a human or animal, in particular for the treatment of cancer in
humans.

[6036] In some embodiments, the antihodies herein are full length antibodies. In some
embodiments, the antibodies are an IgA, an IgD, an IgE, an IgG, or an [gM antibody. In some
embodiments, the anti-p95HERZ2 antibody is an IgG antibody {e.g, an IgGl, IgG2, or 1gG3
antibody).

[6837) In some embodiments, the antihodies herein are an antibody fragment. In some
embodiments, the antibodies are an Fv fragment, a Fab fragment, a F(ab'): fragment, a Fab'
fragment, a Fab'-SH, an scFv (sFv) fragment, and an scFv-Fc fragment. In some embodiments, the
bispecific antibody is an sclFv fragment In some embodiments, the antibodies herein are
monoclonal, humag, bumanized, or chimeric. In some embodiments, the antibodies herein are
comprised of antibodies, for instance, but not limited to, antibodies with additional binding
domains such as an scbv, yielding multi-valent bispecific therapeutics with 1ncreased avidity
toward binding targets.

{0038] Tn some embodiments, the antibodies further comprise an Fe region. In some embodiments,
the antibodies comprise cne or more heavy chain constant domains, wherein the one or more heavy
chain constant domains are selected from a first CHI domain, a first CH2 domain, a first CH3
domain, a second CHI1 domain, a second CHZ2 domain, and a second CH3 domain. In some
embodiments, one or more heavy constant chain domains are paired with another heavy chain
constant domain.

[60639] In some embodiments, a mutation in the Fc region reduces effector function, examples

including but not limited to N297G or Leu234Ala/Leu235Ala

DETAILED DESCRIFTION OF THE INVENTION
[6048] The present invention is directed to novel peptides (e.g., antibodies and antibody
fragments) that bind to p9SHERZ2 (e, p95-CTF611-HER2). The present invention also includes
compositions comprising one of more of these peptides/antibodies, or fragments thereof, and/or
immune cells that are modified to include and/or be activated by one or more of these antibodies,

or fragments thereof, to treat a disease or condition, such as breast cancer. Antibodies of the present
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invention may similarly find use in the treatment of other HERZ overexpressing cancers, such
certain forms of ovarian and gastric cancer.

{08341} The presently disclosed antibodies may underly treatments that are far more effective than
current therapies for ameliorating HER2 overexpressing cancers, particularly in patients that
express p9SHER?Z fragments. The presently disclosed p9SHER2 antibodies of the invention may
be included as part of a treatment regime, which may include, for example, providing two or more
such antibodies, and/or in combination with other treatments such as chermotherapy.

{6042] The present invention is directed to novel peptides (eg., antibodies and antibody
fragments) that bind to one or more p95SHERZ epitopes and/or fragments. The present invention
also includes compositions comprising one or more of these peptides/antibodies, or fragments
thereof, and/or immune cells that are modified to include and/or be activated by one or more of
these antibodies, or fragments thereof, to treat a disease or condition, such as cancer.

{0043} The presently disclosed antibodies may provide treatments that are far more effective than
current therapies than present anti-HERZ2 treatments, as no specific anti-p95HERZ exist. The
presently disclosed anti-p95HER2 antibodies of the invention may be included as part of a
treatment regime, which may include, for example, providing two or more such antibodies, and/or
in combination with other treatments such as chemotherapy, antibody-drug-conjugates {ADCs), or

tyrosine kinase inhibitors (TKIs).

Befinitions
[8644] The terrn “antibody” or “antibody molecule” describes a functional component of serum
and is often referred to either as a collection of molecules {antibodies or immunogiobulin} or as
one molecule (the antibody molecule or immunoglobulin molecule). An antibody is capable of
binding to or reacting with a specific antigenic determinant {the antigen or the antigenic epifope),
which in turn may lead to induction of immunolegical effector mechanisms. An antibody is
generally considered as monospecific, and a composition of antibodies may be monoclonal (ie,
consisting of identical antibody molecules} or polyclonal {i.e., a plurality of different antibodies
that may react with the same or different epitopes on the same antigen or on distinct/different
antigens). An antibody has a unique structure enabling it to bind specifically to its corresponding
antigen, and all natural antibodies have the same overall basic structure of two identical light chains

and two tdentical heavy chains.
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[0045] As used herein, “antibody” or “antibodies” may include chimeric and single chain
antibodies, as binding fragments of antibodies, such as Fab, Fv fragments or single chain Fv {scFv)
fragments, and multimeric forms, e.g., dimeric IgA molecules or pentavalent IgM. Antibodies of
the invention may be of human or non-human origin, for example a murine or other rodent-
derived antibody, or g chimeric, humanized or reshaped antibody based ¢ g, on a murine antibody.
[8846] A heavy chain of an antibody typically includes a heavy chain variable region (Vi) and a
heavy chain constant region. The heavy chain constant region usually comprises three domains,
referred to as CHI, CH2 and CH3. An antibody light chain includes a light chain variable region
{VL} and a light chain constant region. The light chain constant region includes a single domain,
referred to as CL. The VH and VL regions are subdivided into regions of hypervariability
{(“hypervariable regions”), which may be hypervariable in sequence and/or in looped structure.
These regions are also referred to as complementarity determining regions (CBRs), which are
interspersed with regions that are more conserved, termed tramework regions (FRs). Each VH and
VL typically includes three CDRs and four FRs, arranged from the amino terminus to the carboxy
terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CBR3, FR4. Amino acid residues
in the variable regions are often numbered using a standardized numbering method known as the
Kabat numbering scheme (Kabat et al. (1991) Sequences of Proteins of Immunological Tnterest,
Sth Ed. Public Health Service, National Institutes of Health, Bethesda, Md., USA}.

{6047} The antibody identifiers found 1o the tables of this application, e.g., “70702 01CI8A”,
refer to the specific antibodies.

{0648 As used herein, an antibody or fragment “derived from” or “based on” an antibody means
that the “derived” antibody comprises, depending on the particular context, one of the following;
the heavy chain CDR3 sequence of said specified antibody, the heavy chain CDR3 sequence and
the light chain CDR3 sequence of said specified antibody; the heavy chain CDR1, CDR2
and CDR3 sequences and light chain CDR1, CDRZ and CDR3 sequences of said
specified antibody; ot the heavy chain variable region sequence and the light chain variable region
sequence of said specified antibody, or a humanized variant of said heavy chain variable region
sequence and/or Hight chain variable region sequence, or a heavy chain and/or Hight chain varisble
region sequence having at least 80%, 85%, 90% or 95% sequence identity, such as at least 96%,
97%, 98% or 99% sequence identity, with the respective heavy chain and light chain variable

region sequences.
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[6049] An antibody that is derived from or based on a specified antibody described herein will
generaily bind the same p9SHER?2 epitope as said specified antibody and will preferably exhibit
substantially the same activity as said specified antibody.

[6058] The specificity of an antibody’s interaction with a target antigen is driven, primarily, by
the amino acid residues located in the six CDRs of the heavy and light chain. The amino acid
sequences within CDRs are more variable between individual antibodies than sequences outside
of CDRs. Since CDR sequences are responsible for most antibody-antigen interactions, antibodies
that mimic the properties of a specific naturally occurring antibody, or any specific antibody with
a given amino acid sequence, can be expressed by constructing expression vectors that express
CDR sequences from the specific antibody grafted nto framework sequences from a
different antibody. This permits “humanization” of a non-humarn antibody, which will nonetheless
substantially maintain the binding specificity and affimty of the original antibody. Nonetheless, in
preferred aspects, the anti-pOSHERZ antibodies are human antibodies.

[06051) A “chimeric antibody” means an antibody that includes one or more regions from
one antibody and one or more regions from one or more different antibodies. A
“chimeric antibody” 1s typically an antibody that is parttally of human onigin and partiatly of non-
human origin. Chimeric antibodies may be preferred over non-human antibodies, as they have
been shown to reduce the risk of a human anti-antibody response. A chimeric antibody may
include an antibody in which the variable region sequences are murine sequences derived from
immumnization of a mouse, while the constant region sequences are human. In the case of a
chimeric antibody, the non-human parts, which ofteninclude the tramework regions of the variable
region sequences, may be further altered in order to humanize the antibody.

{0052} In preferred aspects, the presently disclosed antibodies of the invention are derived from
transgenic mice that contain human antibody gene segments, such that the antibodies are human
antibodies derived by hybridoma technology from transgenic mice,

[B053] The terms “heavy chain variable region sequence” and “light chain variable region
sequence” and similar terms as used herein with reference to any specific amino acid sequence
encompass not only that specific sequence, but also any recombinant antibodies, human antibodies,
including those derived from transgenic mice that contain human antibody gene segments, such
that the antibodies are human antibodies derived by hybridoma technology, and/or humanized

variants thereof
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[0054] As used herein, a reference to a heavy chain variable region sequence or a light chain
variable region sequence with a particular minimum level of sequence identity compared to a
specified heavy chain or light chain vanable region sequence.

[6055] A “recombinant antibody” is an antibody that is expressed from a ceil or cell line
transfected with an expression vector (or possibly more than one expression vector, typically two
expression vectors) comprising the coding sequence of the antibody, where said coding sequence
is not naturally associated with the cell.

[60856] A “vector” is a nucleic acid molecule inte which a nucleic acid sequence can be inserted
for transport between different genetic environments and/or for expression in a host cell. A vector
that carries regulatory elements for transeription of the nucleic acid sequence {at least a suitable
promoter} is referred to as an “an expression vector”. The terms “plasmid” and “vector” may be
nsed interchangeably. Expression vectors used tn the context of the present invention may be of
any suitable type known in the art, for example, a viral vectors or plasmids,

{6057} It 1s well-known in the art that antibodies exist as different 1sotypes, such as the human
isotypes 1gGi, 1g(32, 1g(3, 1gG4, IgAl and IgA2, or the murine isotypes IgG1, 18G2a, [g(32h,
1g(G3 and IgA. An antibody of the tnvention may be of any isotype.

{0058] In certain aspects, compositions of the nvention include antibody compositions
comprising a plurality of individual anti-p93HERZ antibodies, e.g., 2, 3,4, 5,6,7, 8,9, 10, or 10
or more different anti-p9SHER? antibodies.

{00591 A “CDR” or “complementarity determining region” refers to the “hypervariable” regions
found in the variable domains of an antibody that are primarily responsible for determining
the antibody's binding specificity. Each of the heavy and light chains of an antibody contain three
CDR regions, referred to as CDRI, CDR2 and CDR3, of which CDR3 shows the greatest
variability.

I18666] An “epitope” describes a part of a larger molecule (e.g., antigen or antigenic site} having
antigenic or immunogenic activity in an animal. An epitope having immunogenic activity is a
portion of a larger molecule that elicits an antibody response. An epitope having antigenic activity
is a portion of a larger molecule to which an antibody immune-specifically binds. Antigenic
epitopes are not necessarily immunogenic. An antigen is a substance to which

an antibody or antibody fragment specifically binds, such as a toxin, virus, bacteria, protein or
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DNA. An antigen or antigenic site may have more than one epiiope and may be capable of
stimulating an immune response.

{8061} Epttopes may be linear or conformational. A linear epitope generally consists of about 6 1o
10 adjacent amino acids on a protein molecule that are recognized by an antibody. In contrast, a
conformational epitope consists of amino acids that are not arranged sequentially, but where
an antibody recognizes a particular three-dimensional structure. When a protein moiecule folds
into a three~-dimensional structure, the amino acids forming the epitope are juxtaposed, enabling
the antibody to recognize the conformational epitope. In a denatured protein, ouly linear epitopes
are recognized. A conformational epitope, by definition, must be on the outside of the folded
protetn.

{8662] The term “distinct epitopes” refers to the fact that when two different antibodies of the
invention bind distinct epitopes, there 1s less than 100% competition for antigen binding,
preferably less than 80% competition for antigen binding, more preferably less than S0%
competition for antigen binding, and most preferably as hittle competition as possible, such as less
than about 25% competition for antigen binding.

[8663] Antibodies capable of competing with each other for binding to the same antigen may bind
the same or overlapping epitopes or may have a binding site in the close vicinity of one another,
so that competition is mainly caused by steric hindrance. An analysis for “distinct epitopes”
of antibody pairs may be performed by methods known n the art, for example by way of binding
experiments under saturating antibody conditions using either FACS (fluorescence activated cell
sorting) or other flow cytometry analysis on cells expressing anti-p?SHERZ2 and individual
fluorescent labeled antibodies, or by Surface Plasmon Resonance (SPR) using anti-p95HER2
antigens attached to a flow cell surface.

{8864 Antibodies binding to different epitopes on the same antigen can have varying effects on
the activity of the antigen to which they bind, depending on the location of the epitope.
An antibody binding 0 an epitope 1o an active site of the antigen may block the function of the
antigen completely, whereas another antibody binding at a different epitope may have no or little
effect on the activity of the antigen alone. Such antibodies may, however, stilf activate complement
and thereby result in the elimination of the antigen, and may result in synergistic effects when

combined with one or more antibodies binding at different epitopes on the same antigen.

15

SUBSTITUTE SHEET (RULE 26)



WO 2024/226522 PCT/US2024/025860

[8065] “Immunoglobulin” is a collective designation of the mixture of antibodies found in blood
or serum, but may also be used to designate a mixture of antibodies derived from other sources.
{0066} The term “cognate Vi and Vi, coding pair” describes an original pair of Vyand Vi coding
sequences contained within or derived from the same antibody-producing cell. Thus, a cognate
Vuand Vi pair represents the Vi and Vi pairing originally present in the donor from which such a
cell is derived. The term “an antibody expressed from a Vrand Vi coding pair” indicates that
an antihody or an antihody fragment is produced from a vector, plasmid or other polynucleotide
containing the Vyand Vi, coding sequence. When a cognate Vyand Vi coding pair is expressed,
either as a complete antibody or as a stable fragment thereof, they preserve the binding affinity
and specificity of the antibody originally expressed from the cell they are derived from. A library
of cognate pairs is also termed a repertoire or collection of cognate pairs, and may be kept
individually or pooled.

{6067} By “protein” or “polvpeptide” 1s meant any chain of amino acids, regardiess of length or
post-transiational modification. Proteins can exist as monomers or multimers, comprising two or
more assembled polypeptide chains, fragments of proteins, polypeptides, oligopeptides, or
peptides.

{0068] The term “head-to-head promoters™ refers to a promoter pair being placed in close
proximity so that transcription of two gene fragments driven by the promoters occurs in opposite
directions. Head-to-head promoters are also known as bi~directional promoters.

{0069} The term “transfection” is herein used as a broad term for introducing foreign DNA into a
cell. The term 15 also meant to cover other functional equivalent methods for introducing foreign
DINA into a cell, such as e.g, transformation, infection, transduction or fusion of a donor cell and
an acceptor cell.

{8870} As used herein, and unless otherwise specified, p9SHERZ refers to the HERZ isoform p95-
CTFo11-HER2 and is intended to include variants, fragments, species, and homologs of p95-
CTF611-HER2. Preferably, binding of an antibody of the invention to pO5HER2 iuhibits the
growth of cells expressing p9SHER?2 fragments. In certain aspects, this inhibition is caused by
inhibiting forsation of heteromeric coroplexes between p9SHERZ and other ErbB family
members.

[18671] As used herein, the term “inhibits growth” (e.g, referring to cells) is intended to include

any measurable decrease in the proliferation {increase in number of cells) or metabolism of 3 cell
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when contacted with an anti-p9SHER?2 antibody a3 compared to the growth of the same cells in
the absence of an anti-p9SHERZ antibody, e.g., inhibition of growth of a cell culture by at least
about 10%, and preferably more, such as at least about 20% or 30%, more preferably at least about
40% or 50%, such as at least about 60%, 70%, 80%, 90%, 99% or even 100%.

[8872] As used herein, the terms “inhibits dimernization” or “inhibits dimer formation” refer to any
measurable reduction in the ability of p9SHERZ to form dimers with ¢ g, EGFR, HER3 or HER4
as a result of binding of an anti-p95HER?Z antibody compared to dimer formation in the absence
of an anti-p95HER? antibody.

[6073] The term “treatment” as used herein refers to administration of an anti-p9SHER2
antibody, antibody composition of the invention, or composition of iramune cells that express or
are activated by an anti-p935HER2 antibody or fragment thereof, in a sufficient amount to ease,
reduce, arneliorate or eradicate {cure) symptoms or disease states.

{6874] The percent identity between iwo seguences, e.g., variable region sequences, refers to the
number of identical positions shared by the sequences (calculated as # of identical positions/total
# of posttionsx 100}, taking into account gaps that must be introduced for optimal alignment of the
two sequences. The comparison of sequences and determination of percent identity between two
sequences may be accomplished using readily available software. Suitable software programs are
available from various sources, both for online use and for download, and for alignment of both
protein and nucleotide sequences. One suitable program is ClustalW (Thompson et al. (1994)
Nucleic Acids Res. 11; 22(221.4673-80), available from www.clustal org.

[8G75] An “acceptor human framework” for the purposes herein is a framework comprising the
amino acid sequence of a light chain variable domain (VL) framewosk or a heavy chain variable
domain (VH) framework derived from a human immunoglobulin framework or a human consensus
framework, as defined below. An acceptor human framework “derived from” a human
immunoglobulin framework or a human consensus framework may comprise the same amino acid
sequence thereof, or it woay contain amino acid sequence changes. In some embodiments, the
number of amino acid changes are 10 or less, 9 or less, 8 or less, 7 or less, 6 or less, 5 orless, 4 or
fess, 3 or less, or 2 or less. In some embodiments, the VL acceptor human framework is identical
in sequence to the VL human immunoglobulin framework sequence or human consensus

framework sequence.
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[6076] “Affinity” refers to the strength of the sum total of noncovalent interactions between a
single binding site of a molecule {e.g, an antibody) and its binding partner (e g, an antigen).
Unless indicated otherwise, as used herein, “binding affinity” refers to iutrinsic binding affinity,
which reflects a 1:1 interaction between members of a binding pair (e.g., antibody and antigen).
The aftinity of a molecule X for its partner Y can generally be represented by the dissociation
constant (Kd). Affinity can be measured by common methods known in the art, including those
described herein.

{6877 An “affinity matured” anttbody refers to an antibody with one or more alterations in one or
more hypervariable regions, compared to a parent antibody, which does not possess such
alterations, such alterations resulting in an iroprovernent i the affinity of the antibody for antigen.
I8678] The terms “anti-p@SHER? antibody” and “an antibody that binds to pOSHERZ” refer to an
antibody that ts capable of binding p9SHERZ fragments with sufficient affinity such that the
antibody is useful as a diagnostic and/or therapeutic agent in targeting pOSHERZ. In one
embodiment, the extent of binding of an anti-p95HER2 antibody to an unrelated, non-p9SHER?2
protetn (e.g., the full HERZ protein) is less than about 10% of the binding of the antibody to
p95HER? as measured, e g, by a radicimmunoassay (RIA).

{0079 In certain embodiments, an antibody that binds to p9SHERZ has a dissociation constant
{(Kd) of <1 uM, <100 oM, <10 oM, <1 nM, <0.1 oM, <0.01 nM, or <0.001 nM {e.g., 10 °M or
fess, e.g., from 10°M1to 107 M, eg, from 107 Mto 1075 M), In preferred aspects, this affinity
range is the “optimal affinity range”, which retains anti-tumor activity but has reduced toxicity due
to reduced cytokine release. In certain preferred aspects, the anti-p95HER? antibody has a sub-
range of between about 0.1 nM to | nM as measured by alanine scanning of the HC CDR3 of the
antibody.

{0080} In certain embodiments, an anti-p95HER?2 antibody binds to an epitope, variant, and/or
specific of pOSHER?Z that is conserved among p9SHERZ from different species, pathologies {e.g.,
cancers or different types of cancer), and/or individuals.

[8881] The term “cluster of differentiation 37 or “CD3,” as used herein, refers to any native CD3
from any vertebrate source, including mammals such as primates {e.g., humans} and rodents (e.g.,
mice and rats), unless otherwise indicated, including, for example, CD3g, CD3y, CD33, and CD3(

chains. The term encompasses “full-length,” unprocessed CD3 (e.g, unprocessed or unmodified
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CD3z or CD3y), as well as any form of CD3 that results from processing tn the cell. The term also
encompasses naturally cccurring variants of CD3, including, for example, splice variants or allelic
variants. CD3 includes, for example, human CD3¢ protein (NCBI RefSeq No. NP-000724), which
is 207 amino acids in length, and human CD3y protein (NCBI RefSeq No. NP-000064), which is
182 amino acids in length.

[6682] The “class” of an antibody refers to the type of constani domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD IgE, IeG, and
1gM, and several of these may be further divided into subclasses (isotypes), e.g., IgG1, 1gG2, 1gG3,
{eG4, {gAl, and IgAZ. The heavy chain constant domains that correspond to the different classes
of immunoglobuling are called o, 8, &, v, and u, respectively.

{8683 “Effector functions” refer to those biological activities attributable to the Fe region of an
antibody, which vary with the antibody 1sotype. Examples of antibody effector functions include:
1 q binding and complement dependent cytotoxicity {CDC); Fe receptor binding, antibody-
dependent cell-mediated cytotoxicity (ADCCY; phagocytosis; down regulation of cell surface
receptors {e.g., B cell receptor); and B cell activation.

{0084} An “effective amount” of a compound, for exarnple, an anti-p9SHERZ antibody of the
invention or a composition {e.g., pharmaceutical composition) thereof, is at least the minimum
amount required to achieve the desired therapeutic or prophylactic result, such as a measurable
improvement or prevention of a particular disorder (e.g., a cell proliferative disorder, e.g., cancer).
An effective amount herein may vary according to factors such as the disease state, age, sex, and
weight of the patient, and the ability of the antibody to elicit a desired response in the individual.
An effective amount is also one in which any toxic or detrimental effects of the treatment are
outweighed by the therapeutically beneficial effects. For prophylactic use, beneficial or desired
results include results such as eliminating or reducing the risk, lessening the severity, or delaying
the onset of the disease, including biochemical, histological and/or behavioral symptoms of the
disease, its complications and intermediate pathological phenotypes presenting during
development of the disease. For therapeutic use, beneficial or desired results include clinical resulis
such as decreasing one or more symptoms resulting from the disease, increasing the quality of life
of those suffering from the disease, decreasing the dose of other medications required to treat the
disease, enhancing effect of another medication such as via targeting, delaying the progression of

the disease, and/or prolonging survival. In the case of cancer or tamor, an effective amount of the
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drug may bave the effect in reducing the nuniber of cancer cells; reducing the tumor size; inhibiting
{i.e., slow to some extent or desirably stop} cancer cell infiltration into peripheral organs; inhibit
{i.e, slow to some exient and desirably stop) tumor metastasis; inhibiting to some extent tumor
growth; and/or relieving to some extent one or more of the symptoms associated with the disorder.
An effective amount can be administered in one or more administrations. For purposes of this
invention, an effective amount of drug, compound, or pharmaceutical compesition is an amount
sufficient to accomplish prophylactic or therapeutic treatment either directly or indirectly. As is
understood in the clinical context, an effective amount of a drug, compound, or pharmaceutical
composition may or may not be achieved in conjunction with another dmg, compound, or
pharmaceutical composition. Thus, an “effective amount” may be considered n the context of
administering one or more therapeutic agents, and a single agent may be considered to be given in
an effective amount if] 1o conjunction with one or more other agents, a desirable result may be or
is achieved.

{0085] The term “Fe region” herein is used to define a C-terminal region of an immunogliobulin
heavy chain that contains at least a portion of the constant region. The term includes native
sequence Fo regions and variant Fo regions. Tn one embodiment, a human IgG heavy chain Fo
region extends from Cys226, or from Pro230, to the carboxyl-terminus of the heavy chain.
However, the C-terminal lysine (Lys447) of the Fc region may or may not be present. Unless
otherwise specified herein, numbering of amino acid residues in the Fo region or constant region
15 according to the EU numbering system, also called the EU index, as described in Kabat et al |
Sequences of Proteins of Immunological Tnterest, Sth Ed. Public Health Service, National Institutes
of Health, Bethesda, Md., 1991, Fc regions may also contain variant sequences to confer unique
therapeutic properties, for example but not fimited to an N297G amino acid substitution that
reduces Fo receptor binding.

[8086] “Framework” or “FR” refers to variable domain residues other than hypervariable region
residues. The FR of a variable domain generally consists of four FR domaing: FR1, FR2, FR3, and
FR4. Accordingly, the HVR and FR sequences generally appear in the following sequence in VH
(or VL) FRU-HUL)-FR2-H2(L2)-FR3-H3(L3)-FR4.

{8887] The terms “full-length antibody,” “intact antibody,” and “whole antibody™ are used herein
interchangeably to refer to an antibody having a structure substantially similar to a native antibody

structure or having heavy chains that contain an Fe region as defined herein.
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[BO88] A “human antibody” is one which possesses an aroino acid sequence which corresponds to
that of an antibody produced by a human or a human cell or derived from a non-human source that
utilizes human antibody repertoires or other human antibody-encoding sequences. This definition
of a human antibody specifically excludes a humanized antibody comprising non-human antigen-
binding residues. Human antibodies can be produced using various techniques known in the art,
including phage-display libraries. Hoogenboom and Winter, J. Mol Biol,, 227:381 (1991); Marks
et al,, J. Mol. Biol,, 222:581 (1991). Also available for the preparation of human monoclonal
antibodies are methods described in Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, p. 77 (1985); Boerner et al., J. Immunol. 147(11:86-95 (1991). See also van Dijk and van
de Winkel, Curr. Opin. Pharmacol, 5 368-74 (2001). Human aotibodies can be prepared by
administering the antigen to a transgenic animal that has been modified to produce such antibodies
in response to antigenic challenge, but whose endogenous loct have been disabled, e g, immunized
xenomice {see, e.g., US Pat Nos 6,075,181 and 6,150,584 regarding XENOMOUSE™
technology). See also, for example, Li et al., Proc. Natl. Acad. Sci. USA, 103:3557-3562 {2006)
regarding human antibodies generated via a human B-cell hybridoma technology.

[6689] For example, in preferred aspects, technologies such as AlivaMab Mouse technology are
used to produce the anii-p95HER2 antibodies described heretn. Generally, AlivaMab Mouse
technology is used to generate panels of monoclonal antibodies (mAbs) against a human antigen
of 1nterest, such as those expressed by or associated with tumor cells, e g., variants of p9SHER2
and/or HER2.

[6699] The AlivaMab Mouse is a transgenic mouse that produces chimeric human-mouse
monoctonal antibodies comprising fully human Fab and upper hinge regions and mouse middie
hinge and Fc regions. Optimized constant domains facilitate the generation and identification of
antibodies that retain structure-function characteristics. Antibodies produced using AlivaMab
Mouse technology possess biophysical properties, which are predictive and comparable to that of
fully human antibody counterparts.

[60691] Antibodies produced by AlivaMab Kappa Mice include a chimeric immunoglobulin heavy
{(IgH) chain and a human immunogiobulin kappa (IgK) light chain. Antibodies produced by
AlivaMab Lambda Mice include a chimeric IgH chain and a human immunoglobulin lambda (IgK)
light chain. The chimeric IgH chain of the AlivaMab Mouse antibodies include a human variable

region comprising a human variable heavy (VH) domain, a human diversity heavy (DH) domain,
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and a buman joining heavy (JH) domain, a human constant heavy 1 {CHI) domain, a human upper
hinge region {except for Oy, which is naturally missing an upper hinge region), a mouse middle
hinge region, a mouse CH2 domain, and a mouse CH3 domain.

[6092] When a lead candidate antibody is discovered, the human heavy chain variable region is
readily appended to a fully human constant region while maintaining the antigen-binding
characteristics of the parent chimeric antibody that were developed in vive in the AlivaMab Mouse.
In one embodiment, the human heavy chain variable region, CHI and, optionally, upper hinge
region of the chimeric antibody are appended to human hinge, a human CH2 domain and a human
{CH3 domain in order to produce a fully human antibody.

{6093} Portions of variable regions from the antibodies produced from AlivaMab Mouse
technology may include all or a combination of the complementarity determining regions ({CDRs)
of the VH and/or VL. The variable regions may be formatied with constant regions, etther native
or modified for various desired effecior functions, in a standard antibody structure (two heavy
chains with two light chains). The variable regions may also be formatted as multi-specific
antibodies, e.g., bispecific antibodies binding to two different epitopes or to two different antigens.
The variahle regions may also be formatted as antibody fragments, e.g., single-domain antibodies
comprising a single VH or VL, Fabs or Fab'2. The antibodies may also be used as antibody-drug
conjugates, or carry other additions such as small molecule toxins, biologic toxins, cytokines,
oligopeptides, or RNAs to increase therapeutic modality and/or increase safety.

j0094] Methods for producing the anti-p9SHER?2 antibedies of the invention unsing AlivaMab
mouse technology may include immunizing AlivaMab Kappa Mice and AlivaMab Lambda Mice
with an antigen of interest. Generally, within two weeks, the mice are sacrificed and terminal
materials collected. Spleens and lymph nodes may be prepared and fused with myeloma cells (such
as CRL-2016 cells) using a PEG based method as geverally described in “Antibodies: A
Laboratory Manual” (Harlow and Lane 1988 CSH Press) to establish hybridomas.

[8095] Hybridomas way be grown in 384-well tissue culture plates and supernatants from
individual wells were screened by ELISA for production of antibodies recognizing the antigen of
interest. Positive wells are then transferred to 48-well plates, expanded, and supernatants were
collected for antigen binding confirmation by ELISA. Positive supernatants may also be counter-
screened against a non-related histidine-tagged protein. Hybridoma lines each from AlivaMab

Kappa Mice and AlivaMab Lambda Mice are confirmed to bind to the antigen specifically by
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FLISA and are picked at random and single-cell cloned into 96-well plates. They are grown iuto
colonies and the supernatant from these individual colonies is screened by ELISA to re-confirm
monocional antibody binding to the antigen of interest. These supernatants are then screened by
FACS 1o confirm binding to the native antigen expressed on cells.

{0096} AlivaMab Mouse technology and methods for producing antibodies using such
technologies can be found in WO 2010/039900 and W 2011/123708, which are incorporated
herein in their entirety.

{6897} A “human consensus framework” ts a framework which represents the most commonly
occurring amino acid residues in a selection of human immunoglobulin VL or VH framework
sequences. Generally, the selection of human immunoglobulin VL or VH sequences 1s from a
subgroup of variable domain sequences. Generally, the subgroup of sequences is a subgroup as
in Kabat et al,, Sequences of Proteins of Immunological Interest, Fifth Edition, NIH Publication
91-3242, Bethesda Md. (1991), vols. 1-3. In one embodiment, for the VL, the subgroup is
subgroup kappa Las in Kabat et al., supra. In one embodiment, for the VH, the subgroup is
subgroup i as in Kabat et al | supra.

[6698] A “humanized” antibody refers to a chimeric anttbody comprising amino acid residues
from non-human HVYRs and amino acid residues from human FRs. In certain embodiments, a
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the HVRs (e.g., CDRs) correspond to those of a non-
human antibody, and all or substantially all of the FRs correspond to those of a human antibody.
A humanized antibody optionally may comprise at least & portion of an antibody constant region
derived from a human antibody. A “humanized form” of an antibody, e.g., 2 non-human antibody,
refers to an antibody that has undergone humanization,

{80899} To “humanize” an antibody means that an antibody of wholly or partially of non-human
origin, for example a murine antibody obtained from immunization of mice with an antigen of
interest or a chimeric antibody based on such a murine antibody, can have amino acids replaced,
particularly in the framework regions and constant domains of the heavy and light chains, to avoid
or minimize an immune response in humans. It s known that all antibodies have the potential for
eliciting a human anti-antibody response, which correlates to some extent with the degree of

“humanness” of the antibody in question.
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{6100} Non-human antibodies tend to be more immunogenic than human antibodies. Chimeric
antibodies, where the foreign {usually rodent) constant regions have been replaced with sequences
of human origin, have been shown to be less immunogenic than antibodies of fully foreign origin,
and the most development efforts in therapeutic antibodies are trending towards the use of
humanized or fully human antibodies. Preferably, chimeric antibodies or other antibodies of non-
human origin are humanized to reduce the risk of a human anti-antibody response. For chimeric
antibodies, humanization may include, for exarmple, modification of the framework regions of the
variable region sequences. Amino acid residues of a CDR may often not be altered during
humanization, although in certain cases it may be desirable to alter individual CDR amino acid
residues, for example to remove a glycosylation site, a deamidation site or an undesired cysteine
residue.

10191} Nomerous methods for humanization of an antibody sequence are known n the art. A
commonly used method 1s CDR grafting, which may involve identification of human germline
gene coutterparts to murine variable region genes and grafting of the murine CDR sequences into
this framework. Since CDR grafting reduces the chance for binding specificity and affinity and the
biological activity of @ CDR grafted non-human antibody, back mutations are often introduced at
selected positions of the CDR grafted antibody to retain the binding specificity and affinity. Amino
acid residues that for back mutations may include those that are located at the surface of
an antibody molecule. Another humanization technigue for CDR grafting and back mutation is
resurfacing, in which non-surface exposed residues of non-human origin are retained, while
surface residues are altered to human variants.

{6102] Humanized antibodies and methods of making them are reviewed, e.g., in Almagro and
Fransson, Front. Biosci. 13:1619-1633 (2008}, and are further described, ¢ g, in Riechmann et af,
Nature 332:323-329 (1988); Queen et al., Proc. Nat'l Acad. Sci. USA 86:10029-10033 {1989},
U.S Pat Nos. 5,821,337, 7,527 791, 6,982 321, and 7,087,409, Kashmiri et al., Methods 36:25-
34 (2005) (describing specificity determining region (SDR) grafting), Padlan, Mol Immuonel.
28:489-498 (1991) (describing “resurfacing”); Dall'Acqua et al, Methods 36:43-60 (2005)
{describing “FR shaffling™); and Osbourn et al., Methods 36:61-68 (2005} and Klimka et al., Br.
J. Cancer, 83:252-260 {2000) (describing the “guided selection” approach to FR shuffling).
{0103} Human framework regions that may be used for humanization include but are not limited

to: framework regions selected using the “best-fit” method (see, e.g., Sims et al. I, Immuncl
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151:2296 (1993}, framework regions derived from the consensus sequence of human antibodies
of a particular subgroup of light or heavy chain variable regions {see, e.g., Carter et al. Proc. Nail.
Acad. Sci. USA, 89:4285 (1992); and Presta et al. I. Irorounol., 181:2623 (1993)); human mature
{somatically mutated} framework regions or human germline framework regions (see, e.g.,
Almagro and Fransson, Front. Biosci, 13:1619-1633 (2008)}; and framework regions derived from
screening FR libraries {see, e.g., Baca et al, J. Biol. Chem. 272:10678-10684 (1997) and Rosck et
al., J. Biol Chem. 271:22611-22618 (1996)).

{6104} The term “hypervariable region” or “HVR” as used herein refers to each of the regions of
an antibody variable domain which are hypervariable in sequence (“complementarity determining
regions” or “CDRs”Y and/or form structurally defined loops (“hypervanable loops”) and/or contain
the antigen-contacting residues (“antigen contacts”}. Generally, antibodies comprise six HVRs:
three in the VH (H1, H2, H3), and three in the VL (L1, L2, L3}, Unless otherwise indicated, HVR
residues and other residuss in the variable domain {e.g, FR residues) are numbered herein
according to Kabat et al | supra.

{8105] An “immunoconjugate” is an antibody conjugated to one or more heterologous
molecule(s), including but not limited to a cytotoxic agent.

{0106} A “subject” or an “individual” is 2 mammal Mammals include, but are not limited to,
domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates {e.g., humans and non-
human primates such as moukeys), rabbits, and rodents {eg., wice and rats). In certain
embodiments, the subject or individual is a human.

18167} An “isolated” antibody is one which has been separated from a component of its natural
environment. In some embodiments, an antibody is purified to greater than 95% or 99% purity as
determined by, for example, electrophoretic {¢.g., SDS-PAGE, isoelectric focusing (IEF), capillary
electrophoresis) or chromatographic {e.g., ion exchange or reverse phase HPLC). For review of
methods for assessment of antibody purity, see, e.g., Flatman et al., J. Chromatogr. B 848:79-87
(2007),

[6108] An “isolated” nucleic acid refers to a nucleic acid molecule that has been separated from a
component of its natural environment. An isolated nucleic acid includes a nucleic acid molecule
contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic acid molecule
is present extrachromosomally or at a chromosomal location that is different from its natural

chromosomal location.
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[6109] “Isolated nucleic acid encoding av anti-pOSHERZ antibody” refers to one or more nucleic
acid molecules encoding antibody heavy and light chains (or fragments thereof), including such
nucleie acid molecule(s) in 4 single vector or separate vectors, and such nucleic acid molecule(s)
present at one or more locations in a host cell.

[8118] The term “monoclonal antibody” as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, 1., the individual antibodies comprising the
population are 1dentical and/or bind the same epitope, except for possible variant antibodies, e.g.,
containing naterally occurring mutations or arising during production of a monoclonal antibody
preparation, such variants generally being present in minor amounts. In contrast to polyclonal
antibody preparations, which typically include different antibodies directed against different
determinants (epitopes), each monoclonal antibody of a monoclonal antibody preparation is
directed against a single determinant on an antigen. Thus, the modifier “monoclonal” indicates the
character of the antibody as being obtained from a substantially homogeneous population of
antibodies and 1s not to be construed as requiring production of the antibody by anv particular
method. For example, the monoclonal antibodies to be used in accordance with the present
invention may be made by a variety of techniques, including but not limited to the hybridoma
method, recombinant DNA methods, phage-display methods, and methods viilizing transgenic
animals containing all or part of the human immunoglobulin loci, such methods and other
exemplary methods for making monoclonal antibodies being described herein.

{0111 “Native antibodies” refer to naturally occurring immunoglobulin molecules with varying
structures. For example, native IgG antibodies are heterotetrameric glycoproteins of about 150,000
Daltons, composed of two identical light chains and two identical heavy chains that are disulfide-
bonded. From N-to C-terminus, each heavy chain has a variable region (VH), also called a variable
heavy domain or a heavy chain variable domain, followed by three constant domains (CH1, CHZ,
and CH3). Similarly, from N- to C-terminus, each light chain has a variable region (V13 also
catled a variable light domain or a light chain variable domain, followed by a constant light (CL)
domain. The light chain of an antibody may be assigned to one of two types, called kappa (K and
fambda (A}, based on the amino acid sequence of ts constant domain.

[8112] The term “package insert” is used to refer to instructions customarly included in

commercial packages of therapeutic products, which contain information about the indications,
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usage, dosage, administration, combination therapy, countraindications, and/or warnings
concerning the use of such therapeutic products.

[8113] The term “protein,” as used herein, refers to any native protein from any vertebrate source,
including mammals such as primates {e.g., humans) and rodents {e g, mice and rats), unless
otherwise indicated. The term encompasses “full-length,” unprocessed protein as well as any form
of the protein that results from processing in the cell. The term also encompasses naturally
oceurring variants of the protein, e g, splice variants or allelic variants.

{6114] The term “variable region” or “variable domain” refers to the domain of an antibody heavy
or hight chain that is involved in binding the antibody to antigen. The variable domains of the heavy
chain and light chain (VH and VL, respectively) of a native antibody generally bave similar
structures, with each domain comprising four conserved framework regions {FRs) and three
hypervariable regions (HVRs). (See, e.g., Kindt et al. Koby 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 isolated using a VH or
V1 domain from an antibody that binds the antigen to screen a library of complementary VL or
VH domains, respectively. See, e.g., Portolano et al |, J. Immunol. 150:880-887 (1993); Clarkson
et al.,, Nature 352:624-628 (1991).

{6115} As used herein, “administering” is meant a method of giving a dosage of a compound {(e.g.,
an anti-pOSHERZ antibody of the invention or a nucleic acid encoding an anti-p95SHER2 antibody
of the invention} or a composition {e.g., a pharmaceutical composition, e.g,, a pharmaceutical
composition inchuding an anti-p95HER? antibody of the invention) to a subject. The compositions
utilized in the methods described herein can be administered, for example, intramusculaily,
intravenously, intradermally, percutaneously, intraarterially, intraperitoneally, intralesionally,
intracranially, intraarticularly, intraprostatically, intrapleurally, intratracheally, intranasally,
intravitreally, intravaginally, intrarectally, topically, intratumorally, peritoneally, subcutanecusly,
subconjunctivally, intravesicularily, noucosally, mtrapericardially, intraurnbilically, intraocularly,
orally, topically, locally, by inhalation, by injection, by infusion, by continuous infusion, by
{ocalized perfusion bathing target cells direcily, by catheter, by lavage, in cremes, or in lipid
compositions. The method of administration can vary depending on various factors {e.g, the
compound or composition being administered, and the severity of the condition, disease, or

disorder being treated).
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{6116} As used herein, “somatic hypermutation” or “SHM” refers to the mutation of a
polynuclectide sequence initiated by, or associated with the action of the Activation-Induced
Cytidine Deanimase (AID), a functional AID mutant, uracid glycosylase and/or error prone
polymerases on that polynucleotide sequence. As used herein, the term includes mutagenesis that
occurs as a consequence of the error prone repair, including mutagenesis mediated by the mismatch
repair machinery and related enzymes.

18117} SHM is generally initiated by targeting ATD to rearranged V(D)W and switch regions of Ig
genes. The mutation rate of this programmed mutagenesis is a million-fold higher than the non-
AlID targeted genome of B cells. AID is a processive enzyme that binds single-stranded DNA and
deaminates cytosines io DNA . Cytosine deamination generates highly mutagenic deoxy-uracit (U)
in the DNA of the Ig loci. Mutagenic processing of uracil through the DNA damage response
produces the entire spectrum of base substitutions, which characterizes SHM at and around an
initial U lesion, At least five, identified mutagenic DNA damage response pathways are known to
generate a well-defined SHM spectrum of C/G transitions, T/G transversions, and A/T mutations
around this initial lesion. These pathways include (1) replication opposite template U generates
transitions at C/G, (2) UNGZ-dependent translesion synthesis {TLS) generates transversions at
C/G, (3) a hybnd pathway comprising non-canonical mismatch repair (ncMMR) and UNG2-
dependent TLS generates transversions at C/G, (4) ncMMR generates mutations at A/T, and (3}
UNG2- and PCNA Ubiguitination (PCNA-Ub }-dependent moutations at A/T. Specific strand-biases
of SHM spectra arise as a consequence of a biased AID targeting, ncMMR, and anti-mutagenic
repriming. By elucidating the amino acid and/or nucleotide sequences of the CDR3 variable
regions and/or one of CIIR3 heavy chain (HC) and light chain (LC) variable regious of the anti-
pISHER2 antibodies disclosed herein, the present inventors identified a series of “clusters” or
“motifs” within the sequences. These clusters represent convergent sematic hypermutations
(SHM) in the variable region sequences. Clustering may provide insight into the functionally
related sequences and the diversity of the total population of antibodies and their variable region
sequences. Sequences that are descendants from the same parent B cell or convergently evolved
the sequences in the same cluster should be functionally more related than sequences belonging to
other clusters. Convergent SHMs are likely functionally related mutations, e.g., they share a
specific affinity for p9SHER2, which may include a specific affinity for select pOSHER2

epitopes/fragments and/or for pOSHER2 fragments over fully expressed HERZ protein. These
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SHM may inform the development of recombinant anti-p93HERZ2 antibodies with improved

properties, such as specific binding for p9SHER?2 fragments.

Selected Embediments
[8118] One aspect of the invention relates to various novel anti-p9SHERZ antibodies and
fragments thereof.
[8119] The presently disclosed antibodies may provide treatments that are far more effective than
current therapies. The presently disclosed p9SHERZ antibodies of the invention may be included
as part of a treatment regime, which may include, for example, providing two or more such
antibodies, and/or in combination with other treatments such as chemotherapy.
8126} In one aspect, the invention relates to novel p9SHERZ antigen binding peptides, which may
be antibodies and/or fragments thereof. In certain aspects, the antibodies and/or fragments thereof
bind to a pOSHER? fragment having an amino acid sequence of SEGQ ID NO: 1, and/or a sequence
having at feast 85%, at least 90% at least 95%, at least 96%, at feast 97%, at least 9% or at least
99% sequence identity to SEQ ID NO: 1 or a fragment thereot.
MPIWKFPDEEGACQPCPINCTHSCVDLDDKGCPAEQRASPLTKRRQOKIRKYTMRRLLQ
ETELVEPLTPSGAMPNGAGQMRILKETELREV (SEQ ID NG 1)
{6121} In one aspect, the present invention provides an anti-p9SHERZ antibody or antibody
fragment comprising: a heavy chatn CDR3 sequence (VH) comprising an amino acid seguence
selected from one of SEQ ID NOS: 2-65 and 514, and/or a sequence that comprises an aming acid
sequence having at least 83%, at least 90% at least 95%, at east 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ ID NGS: 2-65 and 514; a heavy chain CDR2
sequence (VH) comprising an amino acid sequence selected from one of SEQ ID NQS: 2538-321
and S18, and/or a sequence that comprises an amino acid sequence having at least 85%, at least
90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence identity with
any of SEQ 1D NOS: 238-321 and S18; a heavy chatn CDR1 sequence (VH) comprising an amine
acid sequence selected from one of SEQ D NOS: 130-193 and 516, and/or a sequence that
comprises an arnino acid sequence having at least 83%, at least 90% at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% sequence identity with any of SEQ 1D NOS: 130-193 and
516; a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from one of

SEQ ID NOS: 66-129 and 515, and/or a sequence that comprises an amino actd sequence having
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at least 85%, at least 90% af least 95%, at least 96%, at least 97%, at least 98% or at least 99%
sequence identity with any of SEQ ID NOS: 66-129 and 515, a light chain CDR2 sequence (VL)
comprising an amino acid sequence selected from one of SEQ ID NOS: 322-385 and 519, and/or
a sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% sequence identity with any of SEQ ID
NOS: 322-385 and 519; and/or a light chain CDRI sequence (VL) comprising an amino acid
sequence selected from one of SEQ ID NOS: 194-257 and 517, and/or a sequence that comprises
an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity with any of SEQ 1D NOS: 194-257 and 517
{6122} In ome aspect, the present invention provides an anti-p9SHER2 antibody or antibody
fragment comprising one or more of;

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
teast 97%, at least 98% or at least 99% sequence wdentity with SEQ 1D NG: S14;

a heavy chain CDR2Z sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 93%, at least 96%, at
least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 518,

a heavy chain CDR1 sequence (VH) comprising an amino acid and/or a sequence that comprises
an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity with SEQ ID NO: 516;

a light chain CDR3 sequence (VL) comprising an amine acid and/or a sequence that comprises an
amino acid sequence having at least 85%, at least 90% at least 95%, at least 90%, at least 97%, at
feast 98% or at least 99% sequence identity with SEQ ID NO: 515,

a light chain CIIR2 sequence (VL) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% sequence identity with SEQ ID NG: 519, and

a light chain CDR1 sequence (VL) comprising an amine acid sequence and/or a sequence that
comprises an arnino acid sequence having at least 83%, at least 90% at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% sequence 1dentity with SEQ ID NG: 517

[8123] In one aspect, the present invention provides an anti-p95HERZ antibody or antibody

fragment comprising a VH chatn comprising one ot more oft
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a heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
feast 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 514,

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence and/or a sequence that
comprises an arnino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at
feast 97%, at least 98% or at feast 99% sequence identity with SEQ D NO: 518; and

a heavy chain CDRI sequence {(VH) comprising an amino acid and/or a sequence that comprises
an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity with SEQ I NG: 516,

{6124} In certain aspects, the anti-p95HERZ antibody further comprises 2 VL chain comprising
one or more of;

a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from one of SEQ
I NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence having af least
85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence
identity with any of SEQ D NOS: 66-129 and 515,

a light chain CDR2 sequence (VL) comprising an amino acid sequence selected from one of SEQ
1D NOS: 322-385 and S19, and/or a sequence that comprises an amino acid sequence having at
feast 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
sequence identity with any of SEQ 1D NOS: 322-385 and 519; and

a light chain CDR1 sequence (VL) comprising an amino acid sequence selected from one of SEQ
1D NOS: 194-257 and S17, and/or a sequence that comprises an amino acid sequence having at
feast 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
sequence identity with any of SEQ ID NOS: 194-257 and 517,

{8125] In one aspect, the present invention provides an anti-p95HERR antibody or antibody
fragment comprising a VL chain comprising one or more of;

a light chain CDR3 sequence (VL) comprising an amino acid and/or a sequence that comprises
an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%, at least
97%, at least 98% or at least 99% sequence identity with SEQ ID NO: S15;

a light chain CDR2 sequence {VL} comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,

at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 519; and
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a light chain CDR1 sequence (VL) comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,
at least 97%, at least 98% or at least 99% sequence identity with SEQ [D NO: 517,

[6126] Additionally or alternatively, an anti-p9SHER2 antibody or antibody fragment of the
present mvention may comprise a heavy chain variable region encoded by a nucleic acid sequence
and/or a nucleic acid sequence having at least 85%, at least 90% at least 95.5%, at least 96%, at
least 97%, at least 98% or at least 99% sequence 1dentity with SEQ ID NO: 841 Additionally or
alternatively, an anti-p93HER2 antibody or antibody fragment of the present invention may
comprise a light chain variable region encoded by a nucleic acid sequence and/or a nucleic acid
sequence having at least 85%, at least 90% at least 95.5%, at least 96%, at least 97%, at least 98%

or at least 99% sequence identity with SEQ ID NO: 842,

SEQ ID NO: 841
GAGGTGCAGCTGGTGGAGTCTGOGGGAGOCCTGOTCAAGCCGGGOGOUTCCCTGAG
ACTCTCCTOTGCAGCCTCTGGATTCTCCTTCAGTAGCTATGCCTTGACCTGOGTCCGC
CAGGCTCCAGGGAAGGGGCTGCAGTGOOGTCTCATCCATCAGTAGTAGTAGTAGTCA
CAAATACTACGCAGACTCAGTGAAGGGCCGATTCACCATCTCCAGAGACAACGUCA
AGAACTCACTGTTTCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTCTATT
ACTGTGCGAAAAACTACCCCTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTET
CCTCAG

SEQ 1D N(»: 842:
CAGTCTGCCCTGACTCAGCCTGCCTCCGTOGTCTOGOTCTCCTGGACAGTCGATCACC
ATCTCCTGCACTGGAACCAGCAGTGATGTTGGGAGTTATAACCTTGTCTCCTGHGTAC
CAACACCACCCAGGCAAAGTCCCCAAACTCATGATTTATGAGGGCAGTAAGCGGCC
CTCAGGGGTTTCTAATCGCTTCTCTGOCTCCAAGTCTGGCAACACGGCCTCCCTGAC
AATCTCTGGGCTCCAGGCTGAGGACGAGGUTGATTATTACTGCTGCTCATATGCAGG
TAGTAGCACTTTCGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG

[8127] In certain aspects, such an anti-p95SHERZ antibody further comprises a VL chain

comprising one or more of;
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a heavy chain CDR3 sequence {VH) comprising an amino acid sequence selected from one of SEQ
1D NOS: 2-05 and 514, and/or a sequence that comprises an amino acid sequence having at least
85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence
identity with any of SE(Q 2 NOS: 2-65 and 514;

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence selected from one of SEQ
iD NOS. 258-321 and 518, and/or a sequence that comprises an amino acid sequence having at
least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
sequence tdentity with any of SEQ ID NOS: 258-321 and 518; and

a heavy chain CDR1 sequence (VH) comprising an amino acid sequence selected from one of SEQ
1D NOS: 130-193 and 516, and/or a sequence that coroprises an amino acid sequence having at
feast 859, at least 90% at least 95%, at least 96%, at least 97%. at least 98% or at least 99%
sequence wWdentity with any of SEQ ID NOS: 130-193 and S16;

{6128] In ceriain aspects, the present invention provides an anti-p95SHER?2 antibody or antibody
fragment comprising a heavy chain CDR3 sequence (VH) comprising an amino acid sequence
selected from one of SE{} I3 NOS: 2-65 and 514, and/or a sequence that comprises an amino actd
sequence having at least 83%, at least 90% at least 95%, at feast 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ ID NOS: 2-65 and 514, Additionally or
alternatively, an anti-p9SHERZ antibody or antibody fragment of the present invention may
comprise a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from
one of SEQ ID NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence
having at least 853%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ ID NOS: 66-129 and 515,

{6129} Additionally or alternatively, the present invention provides an anti-p95HER?2 antibody or
antibody fragment comprising a heavy chain CDBR3 sequence (VH) comprising an amino acid
sequence selected from one of SEQ 1D NOS: 2-65 and 514, and/or a sequence that comprises an
amino acld sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at
least 98% or at least 9% sequence identity with any of SEQ ID NOGS: 2-65 and 514, and a light
chain CDR3 sequence (VL) comprising an amino acid sequence selected from one of SEQ ID
NOS: 66-129 and 515, and/or a sequence that comprises an amine acid sequence having at least
85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence

identity with any of SEQ 1D NOS: 66-129 and 515,
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{6130} Additionally or alternatively, an anti-p9SHERZ antibody ot antibody fragment of the
present invention may comprise a heavy chain variable region comprising an amino acid sequence
selected from one of SEQ ID NOS: 386-449, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 26%, at least 97%, at least 98%
or at least 99% sequence 1dentity with any of SEQ ID NOS: 386-449. Additionally or alternatively,
an anti-p9SHERZ antibody or antibody fragment of the present invention may comprise a light
chain variable region comprising an amino acid sequence selected from one of SEQ ID NOS: 450-
513, and/or a sequence that comprises an amino acid sequence having at east 85%, at least 90%
at least 95%, at feast 96%, at least 97%, at least 98% or at least 99% sequence identity with any of
SEQ ID NOS: 450-513.

8131 Additionally or alternatively, an anti-p9SHERZ2 antibody or antibody fragment of the
present tnvention may comprise a heavy chain variable region comprising an amino acid sequence
selected from one of SEQ ID NOS: 386-449, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ ID NOS: 386-449 and a light chain variable
region comprising an amino acid sequence selected from one of SEQ ID NOS: 450-513, and/or a
sequence that comprises an amino acid sequence having at least 85%, at [east 90% at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% sequence identity with any of SEQ ID
NOS: 450-513.

10132} Additionally or alternatively, an anti-pOSHERZ antibody or antibody of the present
comprises a heavy chain variable region and/or a light chain variable region sequence comprising
the somatic hypermutations (SMH) of clusters: Clust 1.1; Clust 1.2; Clust 1.3; Clust 2.1, Clust 3.1,
Clust Clust 4.1; Clust 4.2; Clust 4.3; Clust 5.1; Clust 5.2; Clust 6.1, Clust 6.2; Clust 7.1; Clust 7.2;
Clust 8.1; Clust 8.2; Clust 9.1; Clust 9.2; Clust 10.1; Clust 10.2; Clusi 11.1; Chust 11.2; Clust 12.1;
and/or Clust 12.2, as set forth in Tables 3-4. Additionally or alternatively, an anti-p9SHER2
antibody or antibody of the present coruprises a heavy chain variable region and/or a light chain
variable region sequence comprising one or more of the somatic hypermutations (SMH), as set
forth in Tables 3-4.

{8133} In certain aspects, the present invention provides compositions, including therapeutic
compositions, comprising an anti-p9SHERZ? antibody or antibody fragment as described herein. In

certain aspects, the present invention provides compositions, including therapeutic compaositions,
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two or more of the anti-p9SHER? antibodies disclosed herein. Certain compositions of the
invention include a plurality of different anti-p9SHERZ antibodies, as disclosed herein, wherein
each different antibody binds to a distinct pOSHERZ epitope or fragrent.

{6134} In certain aspects, the present invention provides methods for treating breast cancer using
compositions comprising one or more anti-p953HER?2 antibodies, as described herein. In certain
aspects, the administration of such a composition results in reduced p95SHER2, HERZ, and/or other
Erb receptor expression, and/or HER2, p9SHER?2, and/or other Erb receptor internalization, and/or
ligand-induced phosphorylation of HER3.

[6133] In certain aspects, the present invention provides immunoconjugates and/or compositions
comprising such imrounoconjugates, wherein said immunoconjugates comprise an antt-p9SHERZ
antibody of the invention conjugated to another therapeutic agent, such as an anti-cancer agent.
The invention further provides immunoconjugates comprising two or more different anti-
p95SHER2 antibodies or fragment thereof, wherein each different anti-p95SHER?2 antibody or
fragment targets a different p9SHERR fragment or epitope.

{8136] A further aspect of the invention refates to a nucleic acid molecule having a nucleotide
sequence that encodes an anti-p9SHER?2 antibody or fragment thereof, as disclosed herein, as well
as expression vectors comprising such a polynucleotide and host cells that have been transfected
with such an expression vector.

{8137} Aspects of the invention also provide methods for producing the anti-p95SHER2 antibodies,
fragments thereof, and compositions of the invention.

[8138] The present invention also provides methods for treating a disease in a human or animal
subject, in particular treatment of cancer in humans, by administering an anti-p95HER2
antibody or composition of the invention to said subject. The invention also includes the use of
one or more anti-p95HER? antibodies of the tnvention for preparation of 2 medicament for use in
treating a disease in a human or animal, in particular for the treatment of cancer in humans,
[8139] Another embodiment of this aspect of the nvention relates fo an antibody composition
comprising at least first and second anti-p9SHER?2 antibodies, wherein the first and second
antibodies bind distinct epitopes of p9SHERZ, said first and second antibodies independently
comprising a heavy chain CDR3 sequence (VH) comprising an amino acid sequence selected from
one of SEQ ID NOS: 2-65 and 514, and/or a sequence that comprises an amino acid sequence

having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
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Q9% sequence identity with any of SEQ ID NOS. 2-65 and 514, Additionally or alternatively, said
first and second anti-p9SHERZ antibodies comprise a light chain CDR3 sequence (VL) comprising
an amino acid sequence selected from one of SEQ 1D NOS: 66-129 and S15, and/or a sequence
that comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least
96%, at least 97%, at least 98% or at least 99% sequence identity with any of SEQ 1D NOS: 66~
129 and 515.

18144] Another aspect of the invention relates to nucleic acid molecules comprising a nucleotide
sequence that encodes an antibody, VL variable region sequence, VH variable region sequence,
YL CDR3 sequence, VH CDR3 sequence, VL CDR2 sequence, VH CDR2 sequence, VL CDRI
sequence, and/or VH CDR1 sequence as set forth herein, and/or a sequence having an amino acid
sequence comprising a sequence having at least 85%, at least 90% at least 95%, at least 96%, at
least 97%, at least 98% or at feast 99% with any of SEQ ID NOS: 2-519.

{6141} Another aspect of the invention relates to nucleic acid molecules comprising a nuciectide
sequence that encodes an antibody, VL variable region sequence, VH variable region sequence,
VL CDR3 sequence, VH CDR3 sequence, VL UDR2 sequence, VH CDR2 sequence, VL CDRI
sequence, and/or VH CDRI1 sequence as set forth herein. In certain aspects, the invention
comprises a nucleic acid encoding at least a portion of an anti-p9SHERZ2 antibody of the invention.
In certain aspects, the nucleic acid encodes at least the VH sequence. In certain aspects, the VH
chain, or portion thereof, is encoded by a nucleic acid having at least 95%, at least 96%, at least
07%, at least 98% or at least 99% similarity with SEQ ID NO: 841, In certain aspects, the VH
chain, or portion thereof, is encoded by a nucleic acid comprising SEQ ID NO: 841, In certain
aspects, the VL chain, or portion thereof, is encoded by a nucleic acid having at least 95%, at least
96%, at least 97%, at least 98% or at least 99% similarity with SEQ ID NO: 842, In certain aspects,
the VL chain, or portion therecf, is encoded by a nucleic acid comprising SEQ 13 N 842,
18142} A further aspect of the invention relates 10 an expression vector comprising a nucleic acid
molecule as defined above. Asnoted above, expression vectors for use in the context of the present
invention may be of any suitable type known in the art, e 2., a plasmid or a viral vector. In certain
aspects, said vector comprises a nucleic acid comprising at least 95.5%, at feast 96%, at least 97%,

at least 98% or at least 99% sinularity with one or both of SEQ [D NOS: 841 and 842,
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61431 A still further aspect of the invention relates to & host cell comprising a nucleic acid
molecule as defined above, wherein said host cell is capable of expressing an anti-p9SHERZ
antibody encoded by said nucleic acid molecule.

{6144} In some embodiments, an antibody provided herein has a dissociation constant (Kd) of <l
uM, <100 nM, <10 nM, <1 nM, <0.1 nM, <0.01 nM, or <0.001 nM {e.g., 10 “M or less, e.¢., from
107 o 1077M, e.g., from 107°M to 107°M). In certain preferred aspects, this affinity range is
the “optimal atfinity range”, which retains anti-tumor activity. In other preferred aspects, the anti-
p95SHER?2 antibody has a sub-nanomolar affinity to promote receptor occupancy in fow copy-
number situations.

{6145} In some embodiments, Kd 1s measured by a radiolabeled antigen binding assay (RIA}. In
some embodiments, an RIA is performed with the Fab version of an antibody of interest and its
antigen. For example, solution binding affinity of Fabs for antigen ts rmeasured by equilibrating
Fab with a minimal concentration of {125I)-labeled antigen in the presence of a titration series of
unlabeled antigen, then capturing bound antigen with an anti-Fab anttbody-coated plate (see, e.g.,
Chen et al, J. Mol. Biol. 293:865-881(1999)}.

[8146] In some embodiments, Kd is measured using a BIACORE® surface plasmon resonance
assay. For example, an assay using a BIACORE®-2000 or a BIACORE®-3000 (BlAcore, Inc.,
Piscataway, N.I.)is performed at 25° C. with immobilized antigen CM3 chips at "10 response units
(RU}. In one embodiment, carboxymethylated dextran biosensor chips (CMS, BIACORE, Inc.)
are activated with N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and
N-hydroxysuccinimide (NHS) according to the supplier's instructions. Antigen is diluted with 10
mM sodium acetate, pH 4.8, to 5 g/ml (0.2 M) before injection at a flow rate of § pl/minute to
achieve approximately 10 response units {RU) of coupled protein. Following the injection of
antigen, 1 M ethanolamine is injected to block unreacted groups. For kinetics measurements, two-
fold serial dilutions of Fab (0.78 oM to 500 nM) are injected in PBS with 0.05% polysorbate 20
{TWEHEN-20™) surfactant (PBSTy at 25° C. at a flow rate of approximately 25 ul/min. Association
rates {kon) and dissociation rates (KO are calculated using 2 simple one-to-one Langmuir binding
model (BIACORE® Evaluation Software version 3.2) by simultaneously fitting the association
and dissociation sensorgrams. The equilibrium dissociation constant (Kd) is calculated as the ratio
kon/kor. See, for example, Chen etal,, J. Mol. Biol. 293:865-881 (1999). If the on-rate exceeds 106

M-1s-1 by the surface plasmon resonance assay above, then the on-rate can be determined by
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using a fluorescent quenching technique that measures the increase or decrease in fluorescence
emission intensity {excitation=295 nm; emission=340 nm, 16 nm band-pass) at 25° C. of a 20 nM
anti-antigen antibody (Fab form} 1o PBS, pH 7.2, in the presevce of increasing conceniraticns of
antigen as measured in a spectrometer, such as a stop-flow equipped spectrophometer {Aviv
Instruments) or a 8000-series SLM-AMINCO™ gpectrophotometer {ThermoSpectronic) with a
stirred cuvette,

8147} In preferred aspects, the modality to estimate affinity is production of a monovalent anti-
p95SHER2 antibody followed by titration on live p95HER?2 expressing cells and determination of
MFI by flow cytometry to determine an ECS50 value. Advantageously, this may represent an
exacting context {monovalent and pOSHERZ on cells) in which a therapeutic based on the anti-
p9SHER? antibodies of the invention is used.

[8148] In some embodiments, an antibody provided herein s an antibody fragment. Antibody
fragments include, but are not limited to, Fab, Fab’, Fab'-8H, F{ab")2, Fv, and scFv fragments, and
other fragments described below. For a review of certain antibody fragments, see Hudson et al.
Nat. Med. 9:129-134 (2003}, For a review of scFv fragments, see, eg, Pluckthun, in The
Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., {Springer-Verlag,
New York), pp. 269-315 (1994); see also WO 93/1613S5; and US. Pat. Nos. 5,571,894 and
5,587,458, For discussion of Fab and F(ab")2 fragments comprising salvage receptor binding
epttope residues and having increased in vivo half-life, ses US. Pat. No. 5,869,046,

{8149} Diabodies are antibody fragments with two antigen-binding sites that may be bivalent or
bispecific. See, e.g., EP 404,097 W0 1993/01 161, Hudson et al. Nat. Med. 9:129-134 (2003); and
Hoilinger et al. Proc. Natl. Acad. Sci. USA 90: 6444-0448 (1993). Triabodies and tetrabodies are
also described in Hudson et al. Nat. Med. 9:129-134 {2003),

{8158] Single-domain antibodies are antibody fragments comprising ali or a portion of the heavy
chain variable domain or all or a portion of the light chain variable domain of an antibedy. In
certain embodiments, a single-domain antibody is a human single~domain antibody {(Domantis,
fnc., Waltham, Mass ; see, e.g, U.S Pat No. 6,248 516 B1}.

[8151] Antibody fragments can be made by various techniques, including but not limited to
proteolytic digestion of an intact antibody as well as production by recombinant host cells (e g, E.

colt or phage).
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{61521 In some embodiments, an antibody provided heretv is a chimeric antibody. Certain
chimeric antibodies are described, e.g , in U.S. Pat. No. 4,816,567, and Morrison et al. Proc. Nail.
Acad. Sci. USA, B1:6851-6855 (1984})). In one example, a chimeric antibody comprises a non-
human variable region (e g, a variable region derived from a mouse, rat, hamster, rabbit, or non-
human primate, such as a monkey) and a human constant region. In a further example, a chimeric
antibody is a “class switched” antibody in which the class or subclass has been changed from that
of the parent antibody. Chimeric antibodies include antigen-binding fragments thereof,

{6153} In preferred embodiments, an antibody provided herein is a human antibody. Human
antibodies can be produced using varicus technigues known in the art. Human antibodies are
described generally 1n van Dijk and van de Winkel, Curr. Opin. Pharmacol. 5 36874 (2001} and
Lonberg, Curr. Opin. Immunol. 20:450-459 (2008).

[8154] The human antibodies may be prepared by administering an immunogen to a fransgenic
animal that has been modified to produce intact human antibodies or intact antibodies with human
vartable regions in response to antigenic challenge. Such animals typically contain all or a portion
of the human immunogiobulin loct, which replace the endogenous immunoglobulin loct, or which
are present extra~-chromosomally or integrated randomly into the animal's chromosomes. Tn such
transgenic mice, the endogenous tmmunoglobulin foci have generally been inactivated. For a
review of methods for obtaining human antibodies from transgenic animals, see Lonberg, Nat.
Biotech. 23:1117-1125 (200S). See also, e.g., US Pat. Nos. 6,075,181 and 6,150,584 describing
XENOMOUSE™ technology; U.S. Pat. No. 5,770,429 describing HUMAB® technology; U.S.
Pat. No. 7,041,870 describing K-M MOUSE® technology, and US. Patent Application
Publication No. US 2007/0061900, describing VELOCIMOUSE® technology). Human variable
regions from intact antibodies generated by such animals may be further modified, e.g, by
combining with a different human constant region.

I8155] Human antibodies can also be made by hybridoma-based methods. Human myeloma and
mouse-human heteromyeloma cell lines for the production of human moneocional antibodies have
been described. {See, e.g., Kozbor §. Immunol,, 133: 3001 (1984); Brodeur et al., Monoclonal
Antibody Production Technigues and Applications, pp. 51-63 (Marcel Dekker, Inc., New York,
1987); and Boerner et al , J. Immunol., 147: 86 (1991}.) Human antibodies generated via human
B-cell hybridoma technology are also described in Li et al,, Proc. Natl. Acad. Sci. LISA. 103;

3557-3562 (2006). Additional methods include those described, for example, in 1.8, Pat. No.
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7,189,826 (describing production of monoclonal huran igM antibodies from hybridoma cell lines)
and Wi, Xiandai Mianyixue, 20{43265-268 (2006) (describing human-human hybridomas).
Hursan hybridoma techuology (Trioma technology) is aiso described in Vollmers and Brandlein,
Histology and Histopathology, 20(3):927-937 (2005) and Vollmers and Brandiein, Methods and
Findings in Experimental and Clinical Pharmacology, 27(3):185-91 (2005).

{8156 For example, in preferred aspects, technologies such as AlivaMab Mouse technology are
used to produce the anti-pSSHERZ antihodies described herein. AlivaMab Mouse technology is
used to generate panels of monoclonal antibodies (mAbs) against pOSHER2.

[6157) The AlivaMab Mouse is a transgenic mouse that produces chimeric human-mouse
monocional antibodies comprising fully human Fab and upper hinge regions and mouse middie
hinge and Fc regions. Optimized constant domains facilitate the generation and identification of
antibodies that retain structure-function charactenistics. Antibodies of the invention produced using
AlivaMab Mouse technology possess biophysical properties, which are predictive and comparable
to that of fully human antibody counterparts.

{8158 Antibodies of the invention may be produced by AlivaMab Kappa Mice, and may include
a chimeri¢ immunogiobulin heavy (IgH}) chain and a human immunoglobulin kappa (IgkK) Hght
chain. The antibodies of the wnvention produced by AlivaMab Lambda Mice may include a
chimeric IgH chain and a human immunoglobulin lambda (IgK) light chain. The chimeric IgH
chain of the AlivaMab Mouse anti-p9SHER?2 antibodies may include a human variable region
comprising a human variable heavy (VH} domain, a human diversity heavy (DH) domain, and a
human joining heavy {JH} domain, a human constant heavy | {CHI domain, a human upper hinge
region (except for Op, which is naturally missing an upper hinge region), a2 mouse middle hinge
region, a mouse CH2 domain, and a mouse CH3 domain.

{8159] When an anti-pOSHERZ antibody is discovered, the human heavy chain variable region is
readily appended to a fully human constant region while maintaining the antigen-binding
characteristics of the parent chirveric antibody that were developed i vive in the AlivaMab Mouse,
{n one embodiment, the human heavy chain variable region, CHI and, optionally, upper hinge
region of the chimeric antibody are appended to human hinge, a human CH2 domain and a human
CH3 domain in order to produce a fully human anti-p95HERZ antibody as disclosed herein.
[86169] Portions of variable regions from the antibodies produced from AlivaMab Mouse

technology may include all or a combination of the complementarity determining regions {CDRs}

49
SUBSTITUTE SHEET (RULE 26)



WO 2024/226522 PCT/US2024/025860

of the VH and/or VL. The variable regions may be formatted with constant regions, either native
or modified for various desired effector functions, in a standard antibody structure (two heavy
chains with two light chains). The variable regions way also be formatted as multi-specific
antibodies, ¢.g., bispecific antibodies binding to two different epitopes or to two different antigens.
The variable regions may also be formatted as antibody fragments, e.g., single-domain antibodies
comprising a single VH or VL, Fabs or Fab2. The antibodies may also be used as antibody-drug
conjugates, or carry other additions such as small molecule toxins, biologic toxins, cytokines,
oligopeptides, or RNAs 1o increase therapeutic modality and/or increase safety.

{6161} Methods for producing the anti-p95HERZ antibodies of the invention using AlivaMab
mouse technology may nclude tmmuniziog AlivaMab Kappa Mice and AlivaMab Lambda Mice
with an antigen. Generally, within two weeks, the mice are sacrificed, and terminal materials
collected. Spleens and lymph nodes may be prepared and fused with myeloma cells (such as CRL-
2016 cells) using a PEG based method as generally described 1o “Antibodies: A Laboratory
Manual” (Harlow and Lane 1988 CSH Press) to establish hybridomas.

{8162] Hybridomas may be grown in 384-well tissue cuiture plates and supernatants from
individual wells were screened by ELISA for production of antibodies recognizing the antigen of
interest. Positive wells are then transferred to 48-well plates, expanded, and supernatants were
collected for antigen binding confirmation by ELISA. Positive supernatants may also be counter-
sereened against a nov-related histidine-tagged protein. Hybridoma lines each from AlivaMab
Kappa Mice and AlivaMab Lambda Mice are confirmed to bind to the antigen specifically by
ELISA and are picked at random and single-cell cloned into 96-well plates. They are grown into
colonies and the supernatant from these individual colonies is screened by ELISA to re-confirm
monocional antibody binding to the antigen of interest. These supernatants are then screened by
FACS to confirm binding to the native antigen expressed on cells.

8163] AlivaMab Mouse technology and methods for producing antibodies using such
techuologies can be found 1o WO 2010/039900 and WO 201 1/123708, which are incorporated
herein in their entirety.

{6164} In certatn methods for designing and/or producing the anti-p9SHERZ antibodies of the
invention, by elucidating the amino acid and/or nucleotide sequences of the CDR3 variable regions
and/or one of CDR3 heavy chain (HC) and light chain (LC) variable regions of the anti-p9SHER2

antibodies produced, for example, using AlivaMab Mouse technology, a seties of “clusters” or
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“motifs” are identified within the sequences. These clusters represent couvergent somatic
hypermutations (SHM) in the variable region sequences. Clustering may provide insight into the
functionally refated sequences and the diversity of the total population of antibodies and their
variable region sequences. Sequences that are descendants from the same parent B cell or
convergently evolved the sequences in the same cluster should be functionally more related than
sequences belonging to other chusters, Convergent SHMs are likely functionally refated mutations,
e.g., they share a specific affinity for p95HER2. These SHM may inform the development of
recombinant anti-p9SHERZ antibodies with improved properties, such as specific binding for
p9SHER? fragments.

[8163] Specific SHMs tn the anti-p95HER? antibody variable regions of the antibodies disclosed
herein are found in Tables 1-4, with the amino acids representing an SHM indicated in bold,
colored, and/or stylized lettering.

{6166] Human antibodies may also be generated by isolating Fv clone variable domain sequences
selected from human-derived phage display libraries. Such variable domain sequences may then
be combined with a desired human constant domain.

18167} Antibodies of the invention may be isolated by screening combinatorial libranies for
antibodies with the desired activity or activities. For example, a variety of methods is known in
the art for generating phage display libraries and screening such libraries for antibodies possessing
the desired binding characteristics. Such methods are reviewed, e g., in Hoogenbooro et al. in
Methods in Molecular Biology 178:1-37 (O'Brien et al., ed., Human Press, Totowa, N.J., 2001)
and further described, ¢z, in the McCafferty et al,, Nature 348:552-554; Clackson et al., Nature
352 624-628 (1991}, Marks et al,, J. Mol Biol. 222: 581-597 (1992}, Marks and Bradbury, in
Methods in Molecular Biology 248:161-175 (Lo, ed., Human Press, Totowa, N.J., 2003}; Sidhu et
al., J. Mol. Biol. 338(2) 299-310 {2004); Lee et al, }. Mol. Biol. 340(5); 1073-1093 (2004},
Fellguse, Proc. Natl. Acad. Sci. USA 101(34); 12467-12472 (2004); and Lee et al., J. Immunol.
Methods 284(1-2). 119-132(2004).

{6168] In certain phage display methods, repertoires of VH and VL genes are separately cloned
by polymerase chain reaction (PCR) and recombined randomly in phage Hbraries, which can then
be screened for antigen-binding phage as described in Winter et al | Ann. Rev. Immunol | 12: 433~
455 (1994). Phage typically display antibody fragments, either as single-chain Fv (scFv) fragments

or as Fab fragments. Libraries from immunized sources provide high-affinity antibodies to the
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immunogen without the requitement of coustructing hybridomas. Alternatively, the naive
repertoire can be cloned {e g, from human} to provide a single source of antibodies to a wide range
of non-seif and also self-antigens without any immunization as described by Griffiths et al, EMBO
J, 120 725-734 (1993). Finally, naive libraries can also be made synthetically by cloning
unrearranged V-gene segments from stem cells, and using PCR primers containing random
sequence 10 encode the highly variable CDR3 regions, and/or accomplishing rearrangement in
vitro, as described by Hoogenboom and Winter, J. Mol Biol, 227; 381-388 (1992). Patent
publications describing human antibody phage libraries include, for example: US. Pat. No.
5,750,373, and US Patent Publication Nos. 2005/0079574, 2005/0119455, 2005/0266000,
2007/0117126, 2007/0160598, 2007/0237764, 2007/0292936, and 2009/0002360.

I8169] Alternatively, in certain aspects, the present invention includes humanized variants of the
antibodies described herein or humanzed antibodies comprising a one or more of SEQ 1D NOS:
2-513, or a fragment thereof. Methods for humanizing antibodies are well known 1o the art.
{6170} In certain aspects, the anti-p9SHERZY antibodies of the invention are, or form a part of, a
multispecific antibody.

[8171] Multispecific antibodies are monoclonal antibodies that have binding specificities for at
least two different sites. In some embodiments, bispecific antibodies may bind to two different
epitopes of p9SHER2. In some embodiments, one of the binding specificities is for p9SHER2 and
the other is for any other antigen (e.g., a second biological molecule, e.g., a cell surface antigen,
e.g., a tumor antigen}, such as CD3 or epitopes thereof {e.g.,, CD3e or CD3y). Accordingly, a
bispecific anti-p?SHER?2 antibody may have binding specificities for p95HERZ and a second
biological molecule, e.g., a second pOSHERZ epitope, another antigen, an tmmune cell, an immune
cell recruiter, and the like,

{8172} Techniques for making multispecific antibodies include, but are not limited to, recombinant
co-expression of two immunoglobulin heavy chain-light chain pairs having different specificities
{see Milstein and Cuello, Nature 305: 537 {1983)), WQ 93/08829, and Traunecker ¢t al, EMBO
F10: 3655 (1991}, and “knob-in-hole” engineering {see, e g, U.S. Pat. No. 5,731,168} “Knob-
in-hole” engiveering of multispecific antibodies may be utilized to generate a {irst arm containing
a knob and a second arm containing the hole imto which the knob of the first arm may bind. The
knob of the multispecific antibodies of the invention may be an anti-p9SHER2 arm in one

embodiment. Alternatively, the knob of the multispecific antibodies of the invention may be an
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anti-iarget/antigen arm in one embodiment. The hole of the roultispecific antibodies of the
invention may be an anti-p9SHERZ arm in one embodiment Alternatively, the hole of the
multispecific aniibodies of the invention may be an anti-target/antigen arm 0 one embodiment.
[6173] There other ways of making multispecific antibodies. For example, multispecific
antibodies may be engineered using immunoglobulin crossover {(also known as Fab domain
exchange or CrossMab format) technology (see e.g., W(2009/080253; Schaefer et al, Proc. Natl.
Acad. Sci. USA, 108:11187-11192 (2011} Multi-specific antibodies may also be made by
engineering electrostatic steering effects for making antibody Fe-heterodimeric molecules (WO
2009/089004A1); cross-linking two or more antibodies or fragments (see, g, U.S. Pat. No.
4,676,980, and Brennan et al, Science, 229 81 (1985)); using leucine zippers to produce bi-
specific antibodies (see, eg., Kostelny et al, J. Immunol, 148(5)1547-1553 (1992}); using
“diabody” technology for making bispecific antibody fragments (see, e.g, Hollinger et al, Proc.
Natl. Acad. Sct. USA, 90:0444-6448 (1993)); and using single-chain Fv (sFv) dimers {see, e.g.
Gruber et al,, I Immunol, 152:5368 (1994)); and preparing trispecific antibodies as described,
e.g,in Tuttetal. I Immunol 147: 60 (1991},

18174} In certain embodiments, amino acid sequence variants of the anti-p9SHER?2 antibodies of
the invention {e.g., bispecific anti-p9SHER? antibodies of the invention that bind to p9SHERZ and
a second biclogical molecule, e.g., a cell surface antigen, e.g., a tumor antigen, such as certain
members and/or fragments of the epidermal growth factor receptor (HER/EGFR/ERBRB) family,
and/or one or more CD3 epitopes) are contemplated. For example, it may be desirable to modulate
or alter the binding affinity and/or other biological properties of the antibody. Amino acid sequence
variants of an antibody may be prepared by introducing appropriate modifications into the
nucleotide sequence encoding the antibody, or by peptide synthesis. Such modifications include,
for example, deletions from, and/or insertions into and/or substitutions of residues within the
aming acid sequences of the antibody. Any combination of deletion, insertion, and substitution can
be made to arrive at the final construct, provided that the final construct possesses the desired
characteristics, for example, antigen-binding.

[8173] In certain aspects, the anti-p95HER?2 antibodies of the invention are multi-specific
antibodies. In certain aspects, the multi-specific antibodies are bispecific antibodies, trispecific
antibodies, and/or of greater multi-specificity that exhibit specificity to p9SHER2 and another

molecule and/or ancther epitope/fragment of p9SHERZ and/or HER2. For example, such
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antibodies can biud to both pO5HERZ and to an antigen that is important for targeting the antibody
to a particular cell type or tissue (for example, to an antigen associated with a cancer antigen of a
tumor being treated) and/or an antigen to activate or recruit immune cells. In some embodiments,
multi-specific antibodies of the invention bind to molecules (receptors or ligands) involved in
immunomodulatory pathways, such as CTLA4, TIM3, TIM4, 0X40, CD40, GITR, 4-1-BB,
CD27/CI70, ICOS, B7-H4, LIGHT, PD-1 or LAG3, which may provide control or modulation of
the multi-specific antibodies’ therapeutic effects. Furthermore, a multispecific antibody may bind

s

to effecter molecules such as cytokines {e.g, IL-7, IL-15, IL-12, IL-4 TGF-beta, 11.-10, 1L.-17,

{FNg, Flt3, BLys) and/or chemokines {e.g., CCL21). Methods are known in the art for producing
bispecific antibodies.

8176} In certain embodiments, antibody variants having one or more amino acid substitutions are
provided. Sites of interest for substitutional mutagenesis tnclude the HVRs and FRs. Conservative
substitutions are shown in Table A under the heading of “preferred substitutions.” More substantial
changes are provided in Table A under the heading of “exemplary substitutions,” and as further
described below in reference to amino acid side chain classes. Amino acid substitutions may be
introduced to an antibody of interest and the products screened for a desired activity, for
example, chemical stability, retained/improved antigen binding, decreased immunogevicity, or

improved ADCC or CDC.

TABLE A

Exemplary and Preferred Amine Acid

Substitutions

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala{A) Val, Leu; Hle Val

Arg (R} Lys;, Gln; Asn Lys

Asn (N} Gln; His; Asp; Lvs; Arg Gln

Asp (D) Glhu; Asn Glu

Cys {(C) Ser; Ala Ser

Gln (Q) Asn; Glu Asn

Glu (B} Asp; Gl Asp
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Gly () Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
fle (I) Leu; Val; Met; Ala; Phe ; Norleucine Len
Leu (L) Norleucing; He; Val, Met; Ala; Phe e
Lys (K) Arg; Gin, Asn Asg
Met (M) Leu; Phe; He Leu
Phe (F) Trp, Leu; Val; He; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser {§) Thr Thr
Thr (T) Val; Ser Set
Trp (W) Tyr, Phe Tyr
Tyr (Y} Trp; Phe; Thr; Ser Phe
Val (V) He: Leu; Met; Phe; Ala; Norleucine Leu

{8177} Amino acids may be grouped according to common side-chain properties

{1) hyvdrophobic: Met, Ala, Val, Ley, lle;

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

(3} acidic: Asp, Glu;

{4) basic: His, Lys, Arg;

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

{6} aromatic: Trp, Tyr, Phe.

{8178} Non-conservative substitutions will entail exchanging a member of one of these classes for
another class.

{0179} One type of substitutional variant involves substituting one or more hypervanable region
residues of a parent antibody {e.g., a humanized or human antibody). Generally, the resulting
variant(s) selected for further study will have modifications {e.g, improvements) in certain
biological properties {e.g., increased affinity, reduced immunogenicity} relative to the parent
antibody and/or will have substantially retained certain biclogical properties of the parent
antibody. An exemplary substitutional variant is an affivity matured antibody, which may be

conveniently generated, e.2., using phage display-based affinity maturation techniques. Briefly,
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one or mote HVR residues are mutated and the variant antibodies displayed on phage and screened
for a particular biclogical activity {e.g. binding affinity).

{0180} Alterations {e.g., substitutions) may be made in HVRs, e.g, to improve antibody affinity.
Such alterations may be made in HVR “hotspots,” i.e., residues encoded by codons that undergo
mutation at high frequency during the somatic maturation process {see, e.g., Chowdhury, Methods
Mol. Biol, 207.179-196 (2008)), and/or residues that contact antigen, with the resulting variant
VH or VL being tested for binding affinity. Affinity maturation by constructing and reselecting
from secondary {ibraries has been described, e.g., in Hoogenboom et al. in Methods tn Molecular
Biology 178:1-37 ('Brien et al, ed., Human Press, Totowa, N.J., (2001}.) In some embodiments
of affinity maturation, diversity 1s introduced into the variable genes chosen for maturation by any
of a variety of methods (e.g., error-prone PCR, chain shuffling, or oligonucleotide-directed
mutagenesis). A secondary library is then created. The library is then screened to identify any
antibody variants with the desired affinity. Another method to introduce diversity involves HVR-
directed approaches, in which several HVR residues {e.g., 4-6 residues at a time) are randormized.
HVR residues involved in antigen binding may be specifically identified, eg, using alanine
scanning rmutagenesis or modeling. CDR-H3 and CDR-L3 in particular are often targeted.

{0181} In certain embodiments, substitutions, insertions, or deletions may occur within one or
more HVRs so fong as such alterations do not substantially reduce the ability of the antibody to
bind antigen. For example, conservative alterations (e.g., conservative substitutions as provided
herein) that do not substantially reduce binding affinity may be made in HVRs. Such alterations
may, for example, be cutside of antigen contacting residues in the HVRs. In certain embodiments
of the variant VH and VL sequences provided above, each HVR either is unaltered, or contains no
more than one, two, or three amino acid substitutions.

{8182] A useful method for identification of resichies or regions of an antibody thai may be targeted
for mutagenesis is called “alanine scanning mutagenesis” as described by Cunningham and Wells
{1989} Science, 244:1081~1085. Inthis method, a residue or group of target residues {e.g., charged
residues such as arg, asp, his, lys, and gln) are identified and replaced by a neutral or negatively
charged arino actd {e.g., alanine or polyalanine) to determine whether the interaction of the
antibody with antigen is affected. Further substitutions may be introduced at the amino acid
locations demonstrating functional sensitivity to the imitial substitutions. Alternatively, or

additionally, a crystal structure of an antigen-antibody complex to identify contact points between
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the antibody and antigen may be used. Such contact residues and neighboring residues may be
targeted or eliminated as candidates for substitution. Variants may be screened to determine
whether they contatn the desived properties.

[6183] Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging
in length from one residue to polypeptides containing a hundred or more residues, as well as intra-
sequence insertions of single or multiple amino acid residues. Examples of terminal insertions
include an antibody with an N-terminal methionyl residue. Other insertional variants of the
antibody molecule include the fusion to the N- or C-terminus of the antibody to an enzyme ora
polypeptide which increases the serum half-life of the antibody.

[B184] In certain embodiments, anti-p95HER?2 antibodies of the invention can be altered to
increase or decrease the extent to which the antibody is glycosylated. Addition or deletion of
glycosylation sites to anti-p9SHERZ antibody of the invention may be conveniently accomplished
by altering the amino acid sequence such that one or more glycosylation sites is created or
removed.

{8185] Where the antibody comprises an Fc region, the carbohydrate attached thereto may be
altered. Native antibodies produced by mammalian cells typically comprise a branched,
biantennary oligosaccharide that is generally attached by an N-linkage to Asu297 of the CH2
domain of the Fc region. See, e.g., Wright et al. TIBTECH 15:26-32 (1997). The oligosaccharide
may ivclude various carbohydrates, e.g., mannose, N-acety! glucosamine (GleNAc), galactose,
and sialic acid, as well as a fucose attached to a GlcNAc in the “stem” of the biantennary
oligosaccharide structure. In some embodiments, modifications of the oligosaccharide in an
antibody of the tnvention may be made in order to create antibody vasiants with certain improved
properties.

{8186] In one embodiment, anti-p93HER?2 antibody variants are provided having a carbohydrate
structure that lacks fucose attached (directly or indirectly ) to an Fc region. For example, the amount
of fucose in such antibody may be from 1% to 80%, from 1% to 65%, from 5% to 65%, or from
20% to 40%. The amount of fucose is determined by calculating the average amount of fucose
within the sugar chain at Asn297, relative to the sam of all glycostructures attached to Asn 297
{e.g., complex, hybrid and high mannose structures) as measured by MALDI-TOF mass
spectrometry, as described in WO 2008/077546, for example. AsnZ97 refers 1o the asparagine

residue located at about position 297 in the Fo reglon (BU sumbering of Fe region residues),
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however, Asn297 may also be located about 3 amino acids upsiream or downstream of position
297, 1.e., between positions 294 and 300, due to minor sequence variations in antibodies. Such
fucosylation variants may have improved ADCC function. See, e.g., US Patent Publication Nos,
US 2003/0157108 (Presta, L.}, US 2004/0093621 (Kyowa Hakko Kogyo Co., Ltd). Examples of
publications related to “defucosylated” or “fucose-deficient” antibody variants include: US
2003/0157108, WO 2000/61739;, WO 2001/29246, US 2003/0115614; US 2002/0164328; US
2004/0093621; US 2004/0132140; US 2004/0110704; US 2004/0110282; US 2004/0109865;, WO
2003/085119; WO 2003/084570, WO 2005/035586, WO 2005/035778; WO2005/053742,
W0O2002/031140; Okazaki et al. J. Mol Biol. 336:1239-1249 (2004); Yamane-Ohnuki 2t al.
Biotech. Bioeng. 87: 614 {2004). Examples of cell lines capable of producing defucosylated
antibodies include Leci3 CHO cells deficient in protein fucosylation (Ripka et al. Arch. Biochem.
Biophys. 249:533-545 (1986); US Pat Appl No US 2003/0157108 Al, Presta, L, and WO
2004/056312 A1, Adams et al,, especially at Example 113, and koockout cell lines, such as alpha-
1, 6-fucosyltransferase gene, FUT8, knockout CHO cells (see, e.g., Yamane-Ohnuki et al. Biotech.
Biceng. 87 614 (2004);, Kanda, Y. et al, Biotechnol. Biceng,, 94(4).680-688 (2006}, and
WOI003/085107).

{0187] Anti-pOSHER2 antibody variants are further provided with bisected oligosaccharides, for
example, in which a biantennary oligosaccharide attached to the Fo region of the antibody is
bisected by GlcNAe. Such antibody vatiants may have reduced fucosylation and/or improved
ADCC function. Examples of such antibody variants are described, eg, in WO 2003/011878
{Jean-Mairet et al }; U 8. Pat. No. 6,602,684 (Umana et al }; and US 2005/0123546 (Umana et al. ).
Antibody variants with at least one galactose residue in the oligosaccharide attached to the Fe
region are also provided. Such antibody variants may have improved CDC function. Such antibody

varianis are described, e g, in WO 1997/30087 (Patel et al ), WO 1998/58964 (Raju, S.); and WO

[0188] In certain embodiments, one or more amino acid modifications may be introduced into the
Fc region of an antimp%HERZ antibody of the invention thereby generating an Fc region variant
{(see e.g, US 2012/0251531). The Fc region variant may comprise a human Fe region sequence
{e.g., a human IgGl, 1gG2, 1gG3 or IgG4 Fo region) comprising an amino acid modification (e.g.,
a substitution) at one or more amino acid positions. In certain embodiments, the invention

contemplates an anti-p95SHER?Z antibody variant that possesses some but not all effector functions,
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which make it a desirable candidate for applications in which the half-life of the antibody in vivo
is important yet certain effector functions {such as complement and ADCC) are unnecessary or
deleterious. In vitro and/or 1n vive cytotoxicity assays can be conducted to confirmu the
reduction/depletion of CDC and/or ADCC activities. For example, Fe receptor (FcR) binding
assays can be conducted to ensure that the antibody lacks FeyR binding (hence likely lacking
ADCC activity), but retains FeRn binding ability. The primary cells for mediating ADCC, NK
cells, express FoyRIT only, whereas monocytes express FeyRE FeyRIT and FoyRIT FeR
expression on hematopoietic cells is summarized on page 464 of Ravetch and Kinet, Annu. Rev.
{immunol. 9:457-492 (1991). Non-limiting examples of in vitro assays to assess ADCC activity of
a molecule of interest is descnibed in US. Pat. No. 5,500,362 (see, e.g. Hellstrom, I. et al. Proc.
Nat'l Acad. Sci. USA 83:7059-7003 (1986)) and Hellstrom, et al,, Proc. Nat'l Acad Sci. USA
82:1499-1502 (1985}, U.S. Pat. No. 5,821,337 (see Bruggemann, M. etal | J Exp. Med 166:1351-
1361 (1987)). Alternatively, nou-radicactive assays methods may be emploved {(see, for example,
ACTIM gon-radivactive cytotoxicity assay for tlow cytometry (CellTechnology, fnc. Mountain
View, Calif; and CytoTox 96 non-radicactive cytotoxicity assay {Promega, Madison, Wis.}.
Useful effector cells for such assays include peripheral blood mononuclear cells (PBMC) and
Natural Killer (NK) cells.

{6139} Alternatively, or additionally, ADCC activity of the molecule of interest may be assessed
10 vivo, e.g., in au anirmnal model such as that disclosed in Clynes et al. Proc. Natl Acad. Sci. USA
95:652-656 {1998). Clq binding assays may also be carried out to confirm that the antibody is
unable to bind Clg and hence lacks CDC activity. See, e.g, Clg and C3¢ binding ELISA in WO
2006/029879 and WO 2005/100402. To assess complement activation, a CDC assay may be
performed (see, for example, Gazzano-Santoro et al. J. ImmunoL Methods 202:163 {1996}, Cragg,
M. S etal Blood. 101:1045-1052 (2003); and Cragg, M. 8. and M. §. Glennie Blood. 103:2738-
2743 (2004)). FcRn binding and in vivo clearance/half-life determinations can also be performed
nsing methods known inthe art {see, e.g., Petkova, 8. B et al. Tnt'l Immunol 18(12):1759-1769
{2006)).

[8198] Antibodies with reduced effector function include those with substitution of one or more
of Fc region residues 238, 265, 269, 270, 297, 327 and 329 (U.S. Pat. Nos. 6,737,056 and

§,219,149). Such Fe mutants include Fe mutants with substitutions at two or more of amino acid
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positions 26S, 269, 270, 297 and 327, including the so-called “DANA” Fo mutant with substitution
of residues 265 and 297 to alanine (118, Pat. Nos. 7,332 581 and 8 219,149).

{0191} In certain embodiments, the proline at position 329 of a wild-type human Fe region in the
antibody 1s substituted with glycine or arginine or an amino acid residue large enough to destroy
the proline sandwich within the Fc/Fey receptor interface that is formed between the proline 329
of the Fc and tryptophan residues Trp &7 and Trp 110 of FegRHI {Sondermann et al.: Nature 406,
267-273 (20 Jul. 2000)). In certain embodiments, the antibody comprises at least one further amino
actd substitution. In one embodiment, the further amino acid substitution s S228P, E233P, L234A,
L235A, L235E, N297A, N297D, or P3318, and still in ancther embodiment the at feast one further
amino acid substitution 13 L234A and L235A of the buman IgG1 Fe region or $228P and L235E
of the human IgG4 Fe region (see e.g., US 2012/0251531), and still in another embodiment the at
least one further amino acid substitution 13 L234A and L235A and P329G of the human IgGl Fe
region,

{6192} Certain antibody variants with improved or diminished binding to FoRs are described. (See,
e.g., U8 Pat No. 6,737,056, WO 2004/056312, and Shields et al , J. Biol. Chem. 5(2): 6591-6604
(2001).)

{0193 In certain embodiments, an antibody variant comprises an Fo region with one or more
amino acid substitutions which improve ADCC, e.g., substitutions at positions 298, 333, and/or
334 of the Fc region (EU numbering of residues).

{8194} In some embodiments, alterations are made in the Fc region that result in altered (i.e, either
improved or diminished) Clq binding and/or Complement Dependent Cytotoxicity (CDC), e.g.,
as described in U8, Pat. No. 6,194,551, W 99/51642, and Idusogie et al. J. Immunol. 164: 4178-
4184 {2000},

[0195] Antibodies with increased half-lives and improved binding to the neonatal Fe receptor
{FcRuy), which is responsible for the transfer of materal 1gGs to the ferus (Guyeret al, J. Immuncl.
117:587 (1976 and Kim et al | I Tmmunol. 24:249 (1994}, are described 16 US2005/0014934A1
{Hinton et al.}. Those antibodies comprise an Fc region with one or more substitutions therein
which improve binding of the F¢ region to FeRn. Such Fe vartants include those with substitutions
at one or more of Fc region residues: 238, 256, 265, 272, 286, 303, 305, 307, 311, 312, 317, 340,

3506, 360, 362, 376, 378, 380, 382, 413, 424 or 434, e g, substitution of Fc region residue 434
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(U.S. Pat. No. 7,371,826}, See also Duncan & Winter, Nature 322:738-40 (1988}, U.S. Pat. Nos.
5,648,260; 5,624 821; and WO 94/29351 concerning other examples of Fc region variants.
{0196} In some aspects, the bispecific antibody comprises an Fc region comprising an N297G
mutation. In some embodiments, the bispecific antibody comprising the N297G mutation
comprises one or more heavy chain constant domains, wherein the one or more heavy chain
constant domains are selected from a first CHI domain, a first CHZ domain, a first CH3 domain,
a second CHI domain, second CH2 domain, and a second CH3 domain.

{6197} In certain embodiments, it may be desirable to create cysteine engineered antibodies in
which one or more residues of an antibody are substituted with cysteine residues. In some
embodiments, the substituted residues occur at accessible sites of the antibody. By substituting
those residues with cysteine, reactive thiol groups are thereby positioned at accessible sites of the
antibody and may be used to conjugate the antibody to other moieties, such as drug moieties or
linker-drug moieties, o create an immuncconjugate, as described further herein. In certain
embodiments, any one or more of the following residues may be substituted with cysteine: V205
{Kabat numbering} of the light chain; A118 (EU numbering} of the heavy chain; and S400 (EU
numbering} of the heavy chain Fe region. Cysteine engineered antibodies may be generated as
described, for example, in WO 2016/040856, which is incorporated by reference in s entirety
herein, including any drawings.

{8198} In certain embodiments, the bispecific antibody provided herein may be further modified
to contain additional non-proteinaceous moieties that are known in the art and readily available.
The moieties suitable for derivatization of the antihody include but are not limited to water soluble
polvmers. Non-limiting examples of water soluble polymers include, but are not limited to,
polyethylene  glveol  (PEG), copolymers of  ethylene  glycol/propylene  glyeol,
carboxymethylcellulose, dextran, polyvinyl aleohol, polyviny! pyrrolidone, poly-1,3-dioxolane,
poly-1,3 6-trioxane, ethylene/maleic anhydride copolymer, polvaminoacids (either homopolymers
or randorms copolymers), and dexiran or poly(n-vinyl pyrrolidonelpolvethylene glyeol,
propropylens  glycol homopolymers, prolypropylene oxide/ethylene oxide co-polymers,
polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof Polyethylene
glycol propionaldehyde may have advantages in manufacturing due to its stability in water. The
polymer may be of any molecular weight, and may be branched or unbranched. The number of

polyiners attached to the antibody may vary, and if more than one polymer is attached, each can
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be the same or different molecules. In geveral, the number and/or type of polymers used for
derivatization can be determined based on considerations including, but not limited to, the
particular properties ot functions of the antibody to be improved, whether the antibody derivative
will be used in a therapy under defined conditions, etc.

[8199] In another embodiment, conjugates of an antibody and nonproteinaceous moiety that may
be selectively heated by exposure to radiation are provided. In one embodiment, the
nonproteinacecus moiety 1s a carhon nanotube (Kam etal |, Proc. Natl. Acad. Sci. USA 102: 11600-
11605 (2005)). The radiation may be of any wavelength, and includes, but is not limited to,
wavelengths that do not harm ordinary cells, but which heat the nonproteinacecus moiety to a
temperature at which cells proximal to the antibody-nonproteinaceous moiety are killed.

{8206 The bispecific antibodies of the invention may be produced using recombinant methods
and compositions, for example, as described 1n U.S. Pat. No. 4,816,567 In one embodiment, an
isolated nucleic acid encoding an anti-p9SHERZ antibody described herein is provided. Such
nucleic acid may encode an amino acid sequence comprising the VL and/or an amino acid
sequence comprising the VH of the antibody {e.g., the light and/or heavy chains of the antibody}.
in a further embodiment, one or more vectors {e.g., expression vectors) comprising such nucleic
acid are provided. In a further embodiment, a host cell comprising such nucleic acid is provided.
In one such embodiment, a host cell comprises {e.g., has been transformed with}: (1} a vector
comprising a nucleic acid that encodes an amino acid sequence comprising the VL of the antibody
and an amino acid sequence comprising the VH of the antibody, or (2) a first vector comprising a
nucleic acid that encodes an amino acid sequence comprising the VL of the antibody and a second
vector comprising a nucleic acid that encodes an amino acid sequence comprising the VH of the
antibody. In one embodiment, the host cell is eukaryotic, e.g., a Chinese Hamster Ovary (CHO)
cell or lymphoid cell {e.g., YO, NSO, Sp20 cell}. In one embodiment, a2 method of making a
bispecific antibody is provided, wherein the method comprises culturing a host cell comprising a
nucleic acid encoding the antibody under conditions suttable for expression of the antibody, and
optionally recovering the antibody from the host cell {or host cell culture medium}.

[8201] For recombinant production of an antibody, 3 nucleic acid encoding an antibody is isolated
and nserted into one or more vectors for further cloning and/or expression in a host cell. Such

nucleic acid may be readily isolated and sequenced using conventional procedures (e.g., by using
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oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and
light chains of the antibody).

{0202} Suitable host cells for cloning or expression of antibody-encoding vectors include
prokaryotic or eukaryotic cells described herein. For example, antibodies may be produced in
bacteria, in particular when glycosylation and Fo effector function are not needed. For expression
of antibody fragments and polypeptides in bacteria, see, e.g., U.S. Pat. Nos. 5,648,237, 5,789,199,
and 5,840,523 (Sec also Charlton, Methods in Molecular Biology, Vol. 248 (B. K. C. Lo, ed.,
Humana Press, Totowa, N.J., 2003}, pp. 245-254, describing expression of antibody fragments in
E. coli.} After expression, the antibody may be isolated from the bacterial cell paste in a soluble
fraction and can be further punfied.

{8203} In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are
suitable cloning or expression hosts for antibody-encoding vectors, ncluding fungi and yeast
strains whose glvcosylation pathways have been “humanized,” resulting in the production of an
antibody with a partially or fully human glycosylation pattern. See Gerngross, Nat. Biotech.
22:1409-1414 (2004), and Li et al, Nat. Biotech. 24:210-215 (2006),

[8204] Suitable host cells for the expression of glycosylated antibody are also derived from
multicellular organisms (invertebrates and vertebrates). Examples of invertebrate cells include
plant and insect cells. Numerous baculoviral strains have been identified which may be used in
conjunction with insect cells, particularly for transfection of Spodoptera frugiperda cells.

, U.S. Pat. Nos. 5,959,177,
6,040,498, 6,420,548, 7,125,978, and 6,417,429 (describing PLANTIBODIES™ technology for

{0205} Plant cell cultures can also be utilized as hosts. See, eg.

producing antibodies in transgenic plants).

{0206} Vertebrate cells may also be used as hosts. For example, mammalian cell lines that are
adapted to grow in suspension may be useful. (ther examples of useful mammalian host cell lines
are menkey kidney CV1 line transformed by SV40 (COS-7}; human embrvonic kidney line (293
or 293 cells as described, e.g., in Graham et al | I Gen Virol. 36:59 (19773}, baby hamster kidney
cells (BHKY, mouse sertol cells (TM4 cells as described, e.g | in Mather, Biol Reprod. 23243~
251 {1980)); monkey kidney cells (CV1); African green monkey kidney cells (VERO-76); buman
cervical carcinoma celis {(HELA); canine kidney cells (MDICK,; buffalo rat liver cells (BRL 3A};
human lung cells (W138); human liver cells (Hep G2, mouse mammary tumor (MMT 060362);

TRI cells, as described, e.g., in Mather et al, Annals N.Y. Acad. Sei. 383:44-68 (1982), MRC §
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cells; and FS4 cells. Other useful mammalian host cell Hines include Chinese hamster ovary (CHO)
cells, including DHFR-CHO cells (Urlaub et al,, Proc. Nath. Acad. Sci. USA 77:4216 (1980)); and
myeloma cell lines such as Y0, NSO and Sp2/0. For a review of certain mammalian host cell Hines
suitable for antibody production, see, e.g., Yazaki and Wu, Methods in Molecular Biclogy, Vel
248 (B. K. C. Lo, ed., Humana Press, Totowa, N1}, pp. 255-268 (2003).

[6207] The antibodies of the invention may be identified, screened for, or characterized for their
physical/chemical properties and/or biological activities by various assays known in the art.
{6208] In one aspect, the antibody of the invention is tested for its antigen binding activity, for
example, by known methods such as ELISA, Western blot, etc. [n another aspect, competition
assays may be used to wdentify an antibody that competes with an anti-p9SHERZ antibody of the
invention for binding to poSHER?2. In an exemplary competition assay, immobilized p95HERZ is
incubated i a solution comprising a first labeled antibody that binds to p9SHER2 and a second
unlabeled antibody that is being tested for its abiiily to corapete with the first antibody for binding
to p9SHERZ. The second antibody may be present in a hybridoma supernatant. As a control,
immobilized p95SHER?Z s incubated in a solution comprising the first labeled antibody but not the
second unlabeled antibody. After incubation under conditions permissive for binding of the first
antibody to pOSHER?Z, excess unbound antibody 18 removed, and the amount of label associated
with immobilized p95SHER?2 is measured. If the amount of label associated with immobilized
pOSHER? is substantially reduced in the test sample relative to the control sample, then that
indicates that the second antibody i1s competing with the first antibody for binding to p95HER2.
See, e.g., Harlow and Lane (1988} Antibodies: A Laboratory Manual. Ch. 14 (Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y ).

[6209] In one aspect, assays are provided for identifying antibodies having biclogical activity.
Biological activity may include, for example, binding to p9SHERZ (2.2, on a cell surface}, or a
peptide fragment thereof, gither in vivo, in vifro, or ex vive. In the case of 3 bispecific antibody of
the jnvention, biological activity may also include, for example, effector cell activation {eg, T
cell {e.g., CD8+ and/or CD4+ T cell) activation}, effector cell population expansion (ie., an
increase in T cell count), target cell population reduction {(i.e., a decrease in the population of cells
expressing the second biological molecule on their cell surfaces), and/or target cell killing. In some
embodiments, the activity comprises ability to support B cell killing and/or the activation of the

cytotoxic T cells.
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{6210} In certain emnbodiments, any of the antibodies of the invention may be used to detect the
presence of p9SHERZ in a biological sample. The term “detecting” as used herein encompasses
quantitative or qualitative detection. In certatn embodiments, a biological sample comprises a cell
or tissue. In certain embodiments, the method comprises contacting the biological sample with an
anti-p95HER? antibody as described herein under conditions permissive for binding of the
bispecific antibody to p9SHERZ and another antigen, and detecting whether a complex is formed
hetween the bispecific antibody and p9SHERZ. Such method may be an in vitro or in vivo method.
{6211} In certain embodiments, {abeled antibodies are provided. Labelsinclude, but are not Himited
to, labels or moieties that are detected directly (such as fluorescent, chromophoric, electron-dense,
chemiluminescent, and radicactive labels), as well as moieties, such as enzymes or ligands, that
are detected indirectly, e.g., through an enzymatic reaction or molecular interaction. Exemplary
labels include, but are not limited to, the radioisotopes 32P, 14C, 1251, 3H, and 131}, fluorophores
such as rare earth chelates or fluorescein and its derivatives, rhodamine and its denivatives, dansyi,
umbelliferon, luciferases, e.g., firefly luciferase, and bacterial luciferase (see for example, U.S.
Pat. No. 4,737,456, which is incorporated by reference in ifs entirety herein, including any
drawings), luciferin, 2 3-dihydrophthalazinediones, horseradish peroxidase (HRP), alkaline
phosphatase, O-galactosidase, glucoamylase, lysozyme, saccharide oxidases, e.g., glucose oxidase,
galactose oxidase, and glucose-6-phosphate dehydrogenase, heterocyclic oxidases such as uricase
and xanthine oxidase, coupled with an enzyme that emoploys hydrogen peroxide to oxidize a dye
precursor such as HRP, lactoperoxidase, or microperoxidase, biotin/avidin, spin labels,

bacteriophage labels, stable free radicals, and the like.

Production of Anti-p?SHERZ Antibodies and Antibody Compositions

{0212} An additional aspect of the invention relates to methods for producing anti-p9SHERZ
antibodies and compositions of the invention. One embediment of this aspect of the invention
relates to a method for producing an anti-p9SHERZ antibody as defined herein, comprising
providing a host cell capable of expressing an anti-p@5SHER?2 antibody, cultivating said host cell
under conditions suitable for expression of the antibody, and isolating the resulting antibody.

{8213} An antibody or antibody composition of the present invention may be produced by methods
generally known in the art for production of recombinant monocional or polyclonal antibodies.

Thus, in the case of production of a single antibody of the 1nvention, any method known in the art
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for production of recombinant monoclonal antibodies may be used. For production of an antibody
composition comprising twe or more anti-p9SHERZ antibodies of the invention, the individual
antibodies may be produced separately, i e, each antibody being produced in a separate bioreactor,
or the individual antibodies may be produced together in single bioreactor. When the number of
different antibodies in a composition s more than ¢.g., two or three, it will generally be preferably
for reasons of cost efficiency to produce the antibodies together in a single bioreactor. On the other
hand, when the composition only contains a small namber of different antibodies, e g, two, three
or possibly four different antibodies, a decision to produce them separately in different bioreactors
or together in a single bioreactor will have to be made based on the individual circumstances. If
the antibody composition is produced in more than one bioreactor, the purified anti-p9SHERZ2
antibody composition can be obtained by pooling the antibodies obtained from individually
purified supernatants from each bioreactor. Various approaches are known in the art for production
of a polyclonal antibody composition in multiple bioreactors, where the cell lines or antibody
preparations are combined at a later point upstream or prior to or during downstream processing.

{8214] In the case of production of two or more individual antibodies in a single bioreactor, this
may be performed, for example, based on site-specific integration of the antibody coding sequence
into the genome of the individual host cells, ensuring that the Vyand Vyprotein chains are
maintained in their original pairing during production. Furthermore, the site-specific integration
minimizes position effects, and therefore the growth and expression properties of the individual
cells in the polycional cell line are expected to be very similar. Generally, the method involves the
following: 1} a host cell with one or more recombinase recognition sites; i) an expression vector
with at least one recombinase recognition site compatible with that of the host cell; 11} generation
of a collection of expression vectors by transferring the selected Vi and Vi coding pairs from the
screening vector to an expression vector such that a full-length antibody or antibody fragment can
be expressed trom the vector (such a transfer may not be necessary if the screening vector 18
identical to the expression vector); 1v) transfection of the host cell with the collection of expression
vectors and a vector coding for a recombinase capable of combining the recombinase recognition
sites in the genome of the host cell with that in the vector, v} obtaining/generating a polyclonal
cell line from the transfected host cell and vi) expressing and collecting the antibody composition

from the polyclonal cell line.
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{6215} An alternative approach is to produce two or more different antibodies in a single
bioreactor. This methed involves generation of a polyclonal cell line capable of expressing a
polyclonal antibody or other polyclonal protein comprising two or more distinct members by a)
providing a set of expression vectors, wherein each of said vectors comprises at least one copy of
a distinct nucleic acid encoding a distinct member of the polyclonal protein, separately transfecting
host celis with each of the expression vectors under conditions avoiding site-specific integration
of the expression vectors into the genome of the cells, thereby obtaining two or more compositions
of cells, each composition expressing one distinct member of the polyclonal protein, and ¢} mixing
the at least two compositions of cells to obtain a polyclonal cell line.

{6216} The antibodies of the invention may be produced n various types of cells, wnclading
mammalian cells as well as non-mammalian eukaryotic or prokaryotic cells, such as plant cells,
insect cells, yeast cells, fungi, £, coli etc. However, the antibodies are preferably produced in
mammalian cells, for example CHO cells, COS cells, BHK cells, myeloma cells {e.g., Sp2/0 or
NSO cells), fibroblasts such as NIH 3T3, or immortalized human cells such as HeLa cells or HEK

293 cell

()
wn

18217} Methods for transfecting a nucleic acid sequence into a host cell are well-known in the art
(see, e.g, Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Hatbor
Laboratory Press, 3rd Edition, 2001). For site-specific integration a suitable host cell will comprise
one or more recombinase recognition sites in its genome. To this case, a suitable expression vector
comprises a recombination recognition site matching the recombinase recognition site(s) of the
host cell.

{6218] One embodiment of the present invention is thus a polyclonal cell line capable of
expressing two or more anti-pISHER?2 antibodies of the present invention. A further embodiment
is a polyclonal cell line wherein each individual cell is capable of expressing a single Vaand
Vi pair, and the polyclonal cell line as a whole is capabie of expressing a collection of Viand

Vi pairs, where sach Vy snd Vo patr encodes an anti-p9SHERZ antibody.
P p p )

Therapeutic Compositions

{8219} Another aspect of the invention is a pharmaceutical composition comprising as an active
ingredient at least one anti-pOSHERZ antibody of the invention, or an anti-p95HERZ Fab or

another anti-p9SHER2 antibody fragment composition. Such compositions are intended for
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amelioration, preveniion and/or treatment of cancer. The pharmaceutical composition may be
administered to a human or to a domestic animal.

{6220} In addition to at least one antibody of the invention or fragment thereof the pharmaceutical
composition will further comprise at least one pharmaceutically acceptable diluent, carrier or
excipient. These may for example include preservatives, stabilizers, surfactants/wetting agents,
emulsifying agents, solubilizers, salts for regulating the osmotic pressure and/or buffers. Solutions
or suspensions may further comprise viscosity-increasing substances, such as sodium
carboxymethylcellulose, carboxymethylcellulose, dextran, polyvinylpyrrolidone or gelatin. A
suttable pH value for the pharmaceutical composition will generally be in the range of about 5.5
to 8.5, such as about 6 1o, 8, e.g., about 7, maintained where appropriate by use of a buffer.
{8221 Conventional pharmaceutical practice may be employed to provide suitable formulations
or compositions to admimster to eg., cancer patients. The administration will typically be
therapeutic, meaning that it ts administered after a cancer condition has been diagnosed. Any
appropriate route of administration may be employed, for example parenteral, intravenous, intra-
arterial, subcutaneous, intramuscular, intraperitoneal, intranasal, aerosol, suppository or oral
administration. Pharmaceutical compositions of the invention will typically be administered in the
form of liquid solutions or suspensions, more typically aqueous solutions or suspensions, in
particular isotonic aqueous solutions or suspensions.

{6222} As an altervative to a liquid formulation, the compositions of the tnvention may be prepared
in lyophilized form comprising the at least one antibody alone or together with a carrier, for
exarnple mannitol, in which case the composition is reconstituted with a liguid such as sterile water
prior to use.

[6223] The pharmaceutical compositions comprise from approximately 1% to approximately 25%,
preferably from approximately 20% to approximately 90%, active ingredient. Pharmaceutical
compositions according to the invention may e.g., be produced in unit dose form, such as in the
form of ampoules, vials, suppositories, tablets or capsules. The formulations can be administered
to human individuals in therapeutically or prophylactically effective amounts (e g, amounts which
prevent, eliminate, or reduce a pathological condition) to provide therapy for a cancerous disease
or other condition. The preferred dosage of therapeutic agent to be administered is likely to depend
on such variables as the severity of the cancer, the overall health status of the particular patient,

the formulation of the compound excipients, and Us route of administration.
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Therapeutic Uses of Antibodies and Compositions According to the Invention

{0224} The anti-p9SHERZ antibodies and pharmaceutical compositions according to the present
invention may be used for the treatment or amelioration of a disease, in a mammal, in particular
treatment of cancer in humans. A particular embodiment relates to a method for treating a human
patient with a disorder characterized by overexpression of p93HER2, in particular cancer, the
method comprising administering to said patient one or more anti-p93HER2 antibodies as defined
herein or.

{6223]) Some embodiments provide a method of treating or delaving the progression of a cell
proliferative disorder or an autoimmune disorder in a subject in need thereof, the method
comprising administering to the subject an effective amount any one of the antibodies described
herein (in a monospecific, bi-specific, or multi-spectfic format). In another aspect, the invention
features a method of enbancing or decreasing immune function in a subject having a cell
proliferative disorder or an autoimmune disorder, the method comprising administering to the
subject any one of the antibodies described herein (in a monospecific, bi-specific, or multi-specific
format}).

{0226} In any of the uses or methods set forth herein, the cell proliferative disorder can be cancer.
In some embodiments, the cancer is selected from the group consisting of breast cancer, colorectal
cancer, non-small cell lung cancer, salivary gland cancer, stomach cancer, ovarian cancer, uterine
cancer, cervical cancer, pancreatic cancer, colorectal cancer, bladder cancer, prostate cancer, non-
Hodgkin's lymphoma (NHL), B cell lymphoma, B cell leukemia, multiple myeloma, renal cancer,
prostate cancer, liver cancer, head and neck cancer, melanoma, ovarian cancer, mesothelioma,
glioblastoma, germinal-center B-¢cell-like (GCB) DLBCL, activated B-cell-like (ABC) DLBCL,
follicular lymphoma (FL), mantle cell lymphoma (MCL), acute myeloid leakemia (AML), chronic
tymphoid lenkemia (CLL}, marginal zone lymphoma (MZL), small lymphocytic leukemia (SLL),
lymphoplasmacytic tymphoma (LL), Waldenstrom macroglobulinemia (WM), central nervous
system lymphoma (CNSL), Burkitt's lymphoma (BL), B-cell prolymphocytic leukemia, Splenic
marginal zone lymphoma, Hairy cell leukemia, Splenic lymphoma/leukemia, unclassifiable,
Splenic diffuse red pulp small B-cell lymphoma, Hairy cell leukemia variant, Waldenstrom
macroglobulinemia, Heavy chain diseases, a Heavy chain disease, v Heavy chain disease, Heavy

chain disease, Plasma cell myeloma, Solitary plasmacytoma of bone, Extracsseous plasmacytoma,
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Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma),
Nedal marginal zone lymphoma, Pediatric nodal marginal zone lymphoma, Pediatric follicular
iymphoma, Primary cutaneous follicle centre lymphoma, T-cell/histiocyte rich large B-cell
iymphoma, Primary DLBCL of the CNS, Primary cutaneous DLBCL, leg type, EBY-positive
DLBCL of the eldedy, DLBCL associated with chronic mflammation, Lymphomatoid
granulomatosis, Primary mediastinal (thymic) large B-ceil Iymphoma, Intravascular large B-cell
lymphoma, ALK-positive large B-cell lymphoma, Plasmablastic lymphoma, Large B-cell
lymphoma arising in HHV8-associated multicentric Castleman disease, Primary effusion
lymphoma: B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-
cell lymphoma and Burkitt lymphboma, and B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lvmphoma and classical Hodgkin lymphoma. In some
embodiments, the preferred cancer is germinal-center B-celi-like (GCB) BLBCL, activated B-cell-
like {ABC) DLBCL, follicular lymphoma (FL), mantle cell lymphoma (MCL), acute myeloid
teukemia (AML), chronic lymphotd leukemia (CLL), marginal zone lymphoma (MZL), small
fymphocytic  leukemia {(SLL), lvmphoplasmacyiic lymphoma (LL), Waldenstrom
macroglobulinemia {WM), central nervous system lymphoma (CNSL), or Burkitt's lymphoma
(BL).

{6227} In some embodiments, the autoimmune disorder is selected from the group consisting of
rheuratoid arthritis, juvenile rheumatold arthritis, systemic lupus erythematosus (SLE),
Wegener's disease, inflammatory bowel disease, idiopathic thrombocytopenic purpura (ITP),
thrombotic thrombocytopenic purpura (TTP), autoimmune thrombocytopenia, multiple sclerosis,
psoriasis, IgA nephropathy, IgM polyneuropathies, myasthenia gravis, vasculitis, diabetes
mellitus, Reynaud's syndrome, Sjorgen’s syndrome, glomerulonephritis, Neuromyelitis Optica
(NMO), and g3 neuropathy.

18228] In some embodiments, the antibody is in a kit comprising: (2} a composition comprising
any one of the antibodies described herein (in a monospecific, bi-specific, or multi-specific format)
and (b) a package insert comprising instructions for administering the composition to a subject to
treat or delay progression of a cell proliferative disorder. In some embodiments, the antibody
within the kit is lyophilized.

10229} In any of the preceding uses or methods, the subject can be a human.
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{6230} Antibody compositions of the invention are conternplated to be particularly applicable to
treatment of cancers that overexpress p9SHERZ, for example certain epithelial cancers such as
many breast cancers, ovarian cancers and gastric {stornach) cancers.

{6231] The present invention further includes anti-p9SHERZ antibody compositions that include
or are administered in conjunction with at least one chemotherapeutic or other anti-cancer
compound for the simulianeous, separate or successive administration in cancer therapy.
Exemplary chemotherapeutic agents include, for example, alkylating agents, for example platinum
derivatives such as cisplatin, carboplatin or oxaliplatin; plant alkoids, for example paclitaxel,
docetaxel or irinotecan; antitumor antibictics, for example doxorubicin (adriamycin);
topoisomerase inhibitors such as topotecan; and antimetabolites, for example fluorouracit or other
fluoropyrimidines.

10232} The presently disclosed anti-pO5HERZ antibodies of the tnvention may also be used m
adjunctive therapy. For example, in connection with tyrosine kinase tnhibitors {TKls). TKls
wteract with the intraceliular tyrosine kinase domain of receptors and inhibiting higand-induced
receptor phosphorylation by competing for an intracellular Mg-ATP binding site. Several TKls to
block HERZ kinase are in clinical development. See Spector et al. {2007) Breast Cancer Res. 9(2):

~

20

T

1

{0233] In certain aspects, the anti-pOSHERZ antibody compositions of the present invention may
be used in combination with other antibody therapeutics, ¢.g., antibodies against pI8SHER2 (e g,
Herceptin and Perjeta), HER3, Met, EGFR {e.g, Erbitax® or Vectibix®) or VEGF (e.g,
Avastin®). Tn yet other embodiments, the antibody compositions of the present invention may be
used in combination with an agent known to stimulate cells of the immune system, such
combination treatment feading to enhanced immune-mediated enhancement of the efficacy of the
antibody compositions of the invention, for example, recombinant interfeukins (e.g., IL-21 and 1L~
2).

{0234} One or more anti-cancer agents may be conjugated to the antibodies of the oveution,
inchuding cytotoxic agents {e.g., conventional chemotherapy agents and other small molecule anti-

cancer drugs}, cytokines, toxins, and radionuclides.

Dose and Route of Administration
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[6235] The antibodies and compositions of the invention will be administered in an effective
amount for treatment of the condition in question, i.e,, at dosages and for periods of time necessary
{0 achieve a desired result. A therapeutically effective amount may vary according to factors such
as the particular condition being treated, the age, sex and weight of the patient, and whether the
anti-p953HER?2 antibodies are being administered as a stand-alone treatment or in combination with
one ot more additional anti-cancer freatments.

18236] An effective amount for tumor therapy may be measured by its ability to stabilize discase
progression and/or ameliorate symptoms in a patient, and preferably to reverse disease
progression, e.¢., by reducing tumor size. The ability of an antibody or composition of the
wvention to inhibit cancer ray be evaluated by 1o vitro assays, e g, as described 1o the examples,
as well as in suitable animal models that are predictive of the efficacy in human fumors. Suitable
dosage regimens will be selected in order to provide an optumum therapeutic response in each
particular situation, for example, administered as a single bolus or as a costinuous infusion, and
with possible adjustment of the dosage as indicated by the exigencies of each case.

{0237} In some embodiments, the antibody 1s administered to the subject in a dosage of about (.01
mg/kg to about 10 mg/kg. In some embodiments, the antibody is admintstered to the subjectina
dosage of about 0.1 mg/kg to about 10 rng/kg. In some embodiments, the antibody 1s administered
to the subject in a dosage of about 1 mg/kg. In some embodiments, the antibody is administered
subcutaneously, intravenously, intramuscularly, topically, orally, transdermally, intraperitouneally,
intraorbitally, by implantation, by inhalation, intrathecally, intraventricularly, or intranasally. In
some embodiments, the antibody is administered subcutaneously. In some embodiments, the

bispecific antibody 1s administered intravenously.

Pharmaceuiical Formulations

18238] Pharmaceutical formulations of the antibodies of the invention may be prepared by mixing
such antibody having the desired degree of purity with ove or more optional pharmaceutically
acceptable carriers {Remington's Pharmaceutical Sciences 16th edition, Osol, A Ed. (1980}), in
the form of tyophilized formulations or aqueous solutions. Pharmaceutically acceptable carriers
are generally nontoxic to recipients at the dosages and concentrations employed, and include, but
are not limited to; buffers such as phosphate, citrate, and other organic acids; antioxidants

including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
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ammonium chloride; hexamethonium chioride, benzalkonium chioride; benzethonium chioride;
phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresoly, low molecular weight (Iess than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysineg; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextring; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.2. Zn-protein
complexes), and/or non-ionic surfactants such as polyethyviene glycol (PEG). Exemplary
pharmaceutically acceptable carriers herein further tuclude interstitial drug dispersion agents such
as soluble neutral-active hyaluronidase glycoproteins (sHASHGP), for example, human soluble
PH-20 hyaluromdase glycoproteins, such as tHuPH20 (HYLENEX®, Baxter International, Inc.).
Certain exemplary sHASEGPs and methods of use, tncluding rHuPH20, are described in US Patent
Publication Nos. 2005/0260186 and 2006/0104968. In one aspect, a sHASEGP 15 combined with
one or more additional glycosaminoglycanases such as chondrottinases.

{0239} Exemplary lyophilized antibody formulations are described in U.S. Pat. No. 6,267,958
Aqueous antibody formulations include those described in U.S. Pat. No 6,171,586 and
WO2006/044908, the latter formulations including a histidine-acetate buffer.

{6240} The formulation herein may also contain more than one active ingredient as necessary for
the particular indication being treated, preferably those with complementary activities that do not
adversely affect each other. For example, it may be desirable to further provide an additional
therapeutic agent (e.g., a chemotherapeutic agent, a cyiotoxic agent, a growth inhibitory agent,
and/or an anti-hormonal agent, such as those recited herein above). Such active ingredients are
suitably present in combination in amounts that are effective for the purpose intended. Active
ingredients may be entrapped in microcapsules prepared, for example, by coacervation techniques
or by interfacial polymerization, for example, hydroxymethyleelfulose or gelatin-microcapsules
and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (for
example, liposomes, albumin microspheres, microemulsions, nano-particles and vano-capsules) or
in macroemulsions. Such techniques are disclosed in Remington’s Pharmaceutical Sciences 16

edition, Osol, A. Ed. (1980).
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[6241] Sustained-release preparations may be prepared. Suitable exaroples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the
bispecific antibody, which matrices are in the form of shaped articles, for example, films, or
microcapsules. The formulations to be used for in vivo administration are generally sterile. Sterility

may be readily accomplished, e.g, by filtration through sterile filtration membranes.

EXAMPLES

Example §

[8242] The present example provides the results of a hybridoma-based method used {o generate
multiple, different anti-p9SHERZ antibodies of the invention,

{0243} Briefly, the multiple, different anti-p9SHER2 antibodies were produced using hybridoma
technology. Although the present inventors have used this methodology to produce a large number
of anti-p95HER2 antibodies, this Example provides p9SHERZ2-specific antibodies, antibody
fragments, and amino acid sequence ruotifs discovered by the present inventors. By elucidating
the amino acid and/or nucleotide sequences of these antibodies” CDR3 heavy chain (HC) and light
chain (1L.C) variable regious, the present toventors identified a series of “clusters” or “motifs”
within the sequences. These clusters represent convergent somatic hypermutations {(SHM) in the
variable region sequences. Clustering may provide insight into the functionally related sequences
and the diversity of the total population of antibodies and their variable region sequences.
Sequences that are descendants from the same parent B cell or convergently evolved the sequences
in the same cluster should be functionally more related than sequences belonging to other clusters.
18244} In the present Example, the variable chain region sequences were provided by different
antibodies. Thus, any clustering can most hikely be attributed to convergent SHM, which are likely
functionaily related mutations, e.g, they share a specific affinity for p9SHER2. These SHM may
inform the development of recombinant anti-p95HER?2 antibodies with improved properties, such

as specific binding for p9SHER? fragments.

Hybridomas
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[6245] Hybridomas were produced that each expressed a different anti-p9SHERZ antibody.
Methods known in the art to generate antibodies and/or hybridoma cells are known in the art.
{0246} For example, different anti-p95HER?2 antibodies are obtained from different populations
of substantially homogeneous antibodies, i ¢, the individual antibodies comprising the population
are identical and/or bind the same epitope except for possible variants that arise during production
of the monoclonal antibody, such variants generally being present in minor amounts,

[6247] By way of example, in cerfain hybridoma methods, a mouse or other appropriate host
animal, such as a hamster, is immunized with a pOSHER?2 antigen to elicit lymphocytes that
produce or are capable of producing antibodies that will specifically bind to the protein used for
immunization. Alternatively, lymphocytes may be immunized n vitro. Lymphocytes then ate
fused with myeloma cells using a suitable fusing agent, such as polvethylene glycol, to form a
hybridoma cell.

{6248} The hybridoma cells thus prepared are seeded and grown in a suitable culture medinm that
preferably contains one or more substances that inhibit the growth or survival of the unfused,
parental myeloma cells. For example, if the parental myeloma cells fack the enzyme hypoxanthine
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas
typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), which
substances prevent the growth of HGPRT-deficient cells.

[6249] In some ervbodiments, the myeloma cells are those that fuse efficiently, support stsble
high-level production of antibedy by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, in some embodiments, the myeloma cell lines are
murine myeloma lines, such as those derived from mouse tumors. Human myeloma and mouse-
human heteromyeloma cell Hnes also have been described for the production of human ronoclonal
antibodies.

18256 Culture medium in which hybridoma cells are growing is assayed for production of
monoctonal antibodies directed against p95HERZ. In some embodiments, the binding specificity
of monoclonal antibedies produced by hybridoma celis is determined by immunoprecipitation or
by an in vitro binding assay, such as radicimmunoassay (RIA) or enzyme-linked immunosorbent
assay (ELISA).

[0251] After hybridoma cells are identified that produce antibodies of the desired specificity,

affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and grown

66
SUBSTITUTE SHEET (RULE 26)



WO 2024/226522 PCT/US2024/025860

by standard methods. Suitable culture media for this purpose include, for example, D-MEM or
RPMI- 1040 medium. In addition, the hybridoma cells may be grown in vivo as ascites tumors in
an animal.

{6252} The monoclonal antibodies secreted by the subclones are suitably separated from the
culture medinm, ascites fluid, or serum by conventional immunoglobulin purification procedures
such as, for example, protein A-Sepharose, chromatography, gel electrophoresis, dialysis, or
affimity chromatography.

{6253] DNA encoding the monoclonal antibodies is readily isolated and sequenced using
conventional procedures {eg, by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of rurine antibodies). In sore
embodiments, the hybridoma cells serve as a source of such DNA. Once isolated, the DNA may
be placed into expression vectors, which are then transfected into host cells such as E. coli cells,
simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise
produce immunoglobulin protein, to obtain the synthesis of monoclenal antibodies in the
recombinant host cells.

[8254] In a further embodiment, antibodies or antibody fragrments can be solated from antibody
phage hbraties generated using the technigues described in McCatterty et al, Nature, 348.552-
354 (1990). Clackson et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol,, 222:5381-
597 {1991} describe the isolation of murine and buman antibodies, respectively, using phage
libraries. Subsequent publications describe the production of high affinity (nM range) human
antibodies by chain shuffling (Marks et al., Bio/Technology, 10:779-783 (1992)), as well as
combinatorial infection and in vivo recombination as a strategy for constructing very farge phage
fibraries (Waterhouse et al., Nuc. Acids. Res., 21:2265-2266 {1993)). Thus, these techniques are
viable alternatives to traditional monoclonal antibody hybridoma techniques for isolation of
monocional antibodies.

[8255] The DNA also may be modified, for example, by substituting the coding sequence for
human heavy- and light chain constant domains in place of the homologous murine sequences, or
by covalently joining to the immunoglobulin coding sequence all or part of the coding sequence

for a non-immunoglobulin polvpeptide.

Sequencing
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[6256] Briefly, a ¢cDNA library was created from anti-p9SHERZ antibody mRNA obtained from a
hybridoma culture of cells that express different anti-p@5SHERZ antibodies.

{0257} The sequences were aligned and all the uvique anti-pSSHERZ antibody sequences
identified. Alignments the sequences revealed the uniqueness of each particular sequence and their
corresponding antibodies. The antibody variable sequences of each different antibody were
analyzed using a custom AlivaAlign sequencing software,

[6258] The identified CDR3, CDR2, and CDR1 HC and VL sequences are provided in Table 1 as
SEQ [ NOS: 2-385. The corresponding heavy chain variable region and light chain variable
region sequences are provided in Table 2 as SEQ ID NOS: 386-449 and 450-513 respectively. As
shown in Table 2, the heavy and light chain variable sequences were paired and identified to a

particular antibody .

Clustering

{0259} The HC and VL chain variable region sequences were clustered using an algorithm that
assigned sequences to a cluster when they shared identical bV, hi, IV, and 1J genes, had identical
HCDR3 lengths and were at least 90% identical (Hamming distance) for their HCDR3s within the
cluster.

{6260} Table 3 provides the identified SMH for each heavy and light chain variable region
sequence. In Table 3, the respective HC and VL variable region sequences are identifiable and
pairable by the identity of their associated anti-p95HER2 antibody.

[8261] Table 4 provides data that informs the listed clusters of the anti-p9SHERZ antibodies. The
table also shows gene usage for heavy and light chains as well as difference to germline sequences
as a percentage. The corresponding and paired HC and VL CDR3 sequences are also provided.
Within each cluster are related sequences or “subclusters”, e.g., 1.1 and 1.2, Surprisingly, some
antibodies, although independently produced/developed, possessed identical heavy and/or light

chain nucleotide sequences between the antibodies,

Incorporation by Reference

{8262 References and citations to other documents, such as patents, patent applications, patent

publications, journals, books, papers, web contents, publicly accessible databases, have been made
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throughout this disclosure. All such documents are hereby incorporated herein by reference in their
entirety for all purposes.

Equivalents
{6263] Various modifications of the invention and many further embodiments thereof, in addition
to those shown and described herein, will become apparent to those skilled in the art from the full
contents of this document, including references to the scientific and patent literature cited herein.
The subject matter herein contains important information, exemplification and guidance that can

be adapted to the practice of this invention in its various embodiments and equivalents thereof

TABLE 1
CDR3 Sequences
CDR3I VH Amine Acid Sequences Isetype SEQ IDNO

AADRIGENYYYGMDV VH SEQIDNO: 2
AADRTGENYYYGMDV VH SEQ ID NO: 3
AADRIGENYYYGMDV VH SEQ IDNO 4
ARTGDTDYYGMDV VH SEQIDNO: 3
ARTGDTDYYGMDV VH SEQ IDNO: 6
ARSSSSDYYYGLDY VH SEQ D NO. 7
ARSSSSDYYYGLDV VH SEQ D NO: §
ARGLNFDY VH SEQ D NO: 9
ARGLNEDY VH SEQID NO: 10
ARGLNFDY VH SEQID NO- 11
ASKLDFDY VH SEQ D NO: 12
ASKLDFDY VH SEQ D NO: 13
ARSPLGAVTIGAFDY TH SEQ D NO 14
ARSPLGAVTGAFDY VH SEQ 1D NO: 13
ARKAGGDY VH SEQ ID NO: 16
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ARKAGGDY VH SEQID NO- 17
ARDGMGFDY VH SEQID NO: 18
ARDGMGFDY VH SEQ ID NO: 19
AREELGFDY VH SEQ ID NO: 20
AREELGFDY VH SEQ ID NO: 21
ARDERGFDY /H SEQ ID NG: 22
ARDERGFDY VH SEQ ID NO: 23
ARDELGFDY YH SEQ IDNO: 24
ARDELGFDY vH SEQ ID NO: 25
ARDGGLGFDY VH SEQ ID NO: 26
ARDGGLGFDY VH SEQ 1D NO: 27
ARDQIGFDI VH SEQ ID NO: 28
ARESQVGFDY VH SEQ ID NO: 29
ARDRTGEDY VH SEQ ID NO: 30
AREGGTGFDN VH SEQ ID NO: 31
AREGGTGFDN VH SEQ ID NG: 32
AREGLGFDY 'H SEQ ID NO: 33
ATRLAFDY VH SEQ 1D NO: 34
AREGIGFDY VH SEQ ID NO: 33
AREELGFDY VH SEQ 1D NO: 36
ATRLAFDY VH SEQ ID NO: 37
VADRVVSNHYYGMDV VH SEQ ID NO- 38
AADRIGDRYYGMDYV VH SEQ ID NO: 39
ARALTGTEDY VR SEQID NO: 40
AVGAFFDY VH SEQ ID NO- 41
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TTGELGTDY VH SEQID NO: 42
TTIGELGTDY VH SEQ ID NO- 43
ARDVLGFDY VH SEQ 1D NO: 44
ARVLIGFDY VH SEQ ID NO- 45
TGGGFFAC VH SEQ ID NO: 46
AREVSTGFDY /H SEQ ID NO: 47
ARDGTGFDY VH SEQ ID NO: 48
ARSPLGAVTGAFDY VH SEQ ID NO: 49
AADRIEGATGDY YGMDV VH SEQ 1D NO: 50
AADRIEGATGDY YGMDV VH SEQ 1D NO: 51
ARDEMGFDY VH SEQ ID NO: 32
VADRVGTDYYGMDV VH SEQ 1D NO: 53
VADRVGTDYYGMDY VH SEQ 1D NO: 54
AKETGDY VH SEQ ID NQ. 55
TTGYYYASSDYYFDY VH SEQ ID NO. 56
AREGLGFDY VH SEQ ID NG: §7
AKDQGGGFDY /H SEQ ID NO: 38
ARIRGWDDAFDI VH SEQ 1D NO: 59
ARERLGFDY VH SEQ ID NO: 60
ARDYYDSSDYLTGVFDI VH SEQ 1D NO: 61
ARATVTSSYFDY VH SEQ ID NO: 62
AADRVWGRDYYGMDV VH SEQ D NO: 63
TRANWGFDY VH SEQ D NO: 64
AREGLGFDS VH SEQ ID NO: 65
AKNYPFDY VH SEQIDNO: 514
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CDR3 VL Amino Acid Sequences Lsotype SEQ ID NG
MQALQTPYT VL SEQ ID NO: 66
R ‘4 /
MQARQTPYT VL SEQ 1D NO: 67
MOQALQTPYT Vi

SEQ D NG 63

MOARQTPLT VL SEQ D NO: 69

MQARQTPLT VL SEQID NO: 70
MQARQAPLT VL SEQ ID NO: 71
MQARQAPLT VL SEQ 1D NO: 72
AAWDDSLNGLY Vi SEQIDNO: 73
AAWDDSINGLY VL SEQ ID NO: 74
AAWDDSLNGLY VL SEQID NO: 75
VAWDDSLNGVVY VL SEQ D NO: 76
AAWDDSLNGLV VL SEQ 1D NO: 77
MQSTQFIT VL SEQID NO- 78
MOQATQFIT VL SEQ ID NO: 79
MQGTHWPLT VL SEQ ID NO: 80
MOQGTHWPLT VL SEQ ID NO: 81
QSADSSGTYYV VL

SEQID NO: 82

QSADSSGTYYV Vi SEQ ID NO: 83

QSADSSGTYYV VL SEQ 1D NO: 84
QSADNSGSYV VL SEQTD NO- 8
QSADSSGTYYV VL SEQID NO- 86
QSADSSGTYYV VL SEQ 1D NO: 87
QSADSSGTYV VL SEQID NO: 88
QSADSSGTYYV VL

SEQ ID NO: 8¢

7

o)
I
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QSADSSGTYYV VL SEQ ID NO: 90
QSADSSGTYYV VL SEQ 1D NO- 91
AAWDDSLSGYV VL SEQID NO: 92
QSADSSGTYL VL SEQ ID NO: 93
QSADSSGTYYV VL SEG ID NO: 04
QSADSSGTYYV VL SEQ ID NO: 95
MOQRIEFPSMYT VL SEQ ID NO: 96
QSADSSGTYYV VL SEQ 1D NO: 97
MOQGTHWPLT VL SEQ ID NO: 98
QAADSSGSYYV VL SEQ ID NO: 99
LOHDNFLWT VL SEQ ID NO: 100
MQGTHWPLT VL SEQ ID NO- 101
MQALQTPFT Vi SEQ ID NO: 102
MQALQTPYT VL SEQ ID NO: 103
MQGTHFPLT VL SEQ ID NO: 104
GTWHSNSKTWV VL SEQ ID NO: 105
SALDSSLSAV VL SEQ ID NO: 106
GTWHSNSKTWV VL SEQID NO: 107
QSADSSGTYYV VL SEQ 1D NO: 108
QSADGISTYNYV Vb SEQ ID NO: 169
GTWHSNSKTWVY VL SEQ ID NO: 110
LLYYGGAYVY VL SEQID NO: 111
(SADSSGTYYV Vi SEQIDNO: 112
AAWDDTLSGV Vi SEQ ID NO: 113
MQPROTPYT VL SEQ ID NO: 114
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S Ty A ‘4' NYENIY 7
GTWDSALSAGHVY VL SEQ ID NO: 115

o VAL /
QSADSSGTFYY VL SEQ ID NO: 116

: ) I
MQALQTPLT VL SEQ ID NO: 117

MQGINWPIT VL SEQID NO: 118
MQCTHWPPT VL SEQID NO: 119
GTWHSSSKTWV VL SEQID NO: 120
QSADSSGTYYV VL SEQID NO: 121
VLYMGSGIWY VL SEQID NO: 122
MIWHSSAVV VL SEQ ID NO: 123
QSADSSGTYV VL SEQ ID NO: 124
MOQATQFIT VL SEQ ID NO: 125
QSYDSSLSGYV VL SEQ 1D NO: 126
MQSLQTPFT Vi SEQ ID NO: 127
GTWDNSLSAGV VL SEQ ID NO: 128
QSADSSGISYV VL SEQ ID NO: 129
CSYAGSSTFV Vi SEQ ID NO: 515

CDRI1 Sequesnces

CDR1 VH Amine Acid Sequences Isotype SEQ ID NO
GFTFTTSA VH SEQ 1D NO: 130
GFTFTSSA VH SEQ ID NO: 131
GFTFTSSA VH SEQ ID NO: 132
GFTFSSYD VH SEQ ID NO: 133
GFTFSSYD VH SEQ D NO- 134
GFTFSNYD VH SEQ ID NO: 135
GFTFSNYD VH SEQ ID NO: 136
GFTFSSNA VH

SEQID NG: 157
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GFTFSRTA vH SEQ ID NO: 138
GFTF3RNS VH SEQ 1D NO: 139
GFTFSSYS VH SEQ ID NO: 140
GFTFSSFS VH SEQ ID NO: 141
GFTFSSYS VH SEQ ID NO: 142
GFTFSTYS /H SEQ ID NO: 143
GFTFSSYW VH SEQ ID NO: 144
GFTESSYW VH SEQ ID NO: 145
GGSISSYY VH SEQ ID NO: 146
GGSFSSYY VH SEQ ID NO: 147
GGRISSNT Vil SEQID NO: 148
GGSISSYY vH SEQ D NO- 149
GGSINSYY VH SEQ ID NO- 150
GGSISSYY VH SEQ ID NO: 151
GGSISSYY VH SEQ ID NO: 152
GGSFNNYY VH SEQ ID NO: 153
GGSISSYY H SEQ ID NO: 154
GGSISSYY VH SEQID NO: 155
GGSISSYY VH SEQ ID NO: 156
GGSISSYY VH SEQ ID NO: 157
GGSISNHY Vi SEQID NO- 158
GGSITNYY vH SEQ ID NO- 159
GGSITNYY VH SEQ ID NO: 160
GFTESSYW VH SEQID NO: 161
GFTFSSYW VH SEQ ID NO- 162
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GGSISSYY VH SEQ D NO: 163
GGSISSNH VH SEQ ID NO: 164
GFTFSNYW VH SEQ ID NO: 165
GFTFINSA VH SEQ ID NO: 166
GFTFISSA VH SEQ ID NO: 167
GGSFSSGGHY /H SEQ ID NO: 168
GFTFSNYW VH SEQ ID NO: 169
GFTFSNAW VH SEQ 1D NO: 170
GFTFSNAW VH SEQ ID NO: 171
GGSISSYY VH SEQ ID NO: 172
GFTFSSYW Vi SEQTD NO: 173
GFTFSDAW VH SEQ ID NO: 174
GHTFTRYY VH SEQ D NO: 175
GGSISSDY VH SEQ ID NO; 176
GFIFSSYS VH SEQID NO: 177
GFTFTSSA VH SEQ ID NO: 178
GFTFTSSA /H SEQID NO: 179
DGSISTYY VH SEQ 1D NO: 180
GFTFTSSA VH SEQ ID NO: 181
GFTFTSSA VH SEQ ID NO: 182
GFTFSSYA VH SEQ ID NO- 183
GFTFSNAW VH SEQ ID NO- 184
GGSISSYY VH SEQ ID NO: 185
GFTFRSYA VH SEQ ID NO: 186
GFSLSNARMG VH SEQ ID NO: 187
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GGSINNYY VH SEQ ID NG: 188
GFTFSSYG VH SEQ 1D NO- 189
GGSISSYY VH SEQ ID NO: 190
GFTFTSSA VH SEQ ID NO: 191
GFSFSGSS VH SEQ ID NO: 192
GFTFSSYW /H SEQ ID NO: 193
GFSFSSYA VH SEQ 1D NO: 316

CDR1 VL Amino Acid Sequences Isotype SEQ ID NO
QSLLHSNGYNY VL SEQ IDNO: 194
QSLLHRNGYNY VL SEQ ID NO: 195
QSLLHSNGYNY VL SEQ 1D NO: 196
QSLLHSNGYNY VL SEQ 1D NO: 197
QSLLHSNGYNY VL SEQ ID NO: 198
QSLLYSNGYNY VL

SEQID NO: 199

Q TONEE 7 7
QSLLYSNGYNY VL SEQ ID NO: 200

NSNIGSNT Vi SEQ 1D NO: 201
SSNIGSNT \& SEQ ID NO: 202
SSNIGSNT VL SEQ ID NO: 203
SSNIGSNT \C SEQ ID NO: 204
SSNIGSNT VL SEQ ID NO: 203
QSLVHSDGNTY VL SEQ 1D NO: 206
QSLYBRDGNTY VL SEQ ID NO: 207
QSLVSSDGNTY VL SEQ ID NO: 208
QSLVYSDGNTY VL SEQ ID NO: 209
ALPKQY VL

SEQID NO: 210

77
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ALPKLY VL SEQID NO: 211
ALPKLY VL SEQ 1D NO: 212
ALSKKY Vi SEQ ID NO: 213
ALPRQY Vi SEQ ID NO: 214
ALPKQY VL SEQ ID NO: 215
ALPKKY \& SEQ ID NO: 216
TLPKQY VL SEQ ID NO: 217
TLPKQY VL SEQ ID NO: 218
ALPKQY VL SEQ ID NO: 219
SSNIGSNY VL SEQ ID NO: 220
ALPKIY VL SEQ ID NO: 221
TLPKKY VL SEQ 1D NO- 222
ALPKLY Vi SEQ 1D NO: 223
QSLLDSNDGNTC VL SEQ ID NO: 224
ALPKLY VL SEQ ID NO: 225
QSLVYSDGNTY VL SEQ 1D NO: 226
ALPRQY Vi SEQ ID NO: 227
QDIDDD Vi SEQ ID NO: 228
QSLVYSDOGNTY VL SEQ 1D NO: 2290
QSLLHSNGYNY Vb SEQ ID NO: 230
QOSLLHSNGYNY VL SEQ D NO: 231
QSLVHNDGDTY VL SEQ 1D NO- 232
SGFSVGDFW Vi SEQ ID NO: 233
SNIVGNQG Vi SEQ ID NO: 234
SGFSVGDFW VL SEQ ID NO: 235
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ALPKQY VL SEQ ID NO: 236
ALPEQY Vi SEQ D NO: 237
SGFSVGDFW Vi SEQ ID NO: 238
TGAVTSDYY Vi SEQ ID NO: 239
ALPRQY VL SEQ ID NO: 240
SSNIGNNY VL SEQID NO: 241
QSLLHSNGYNY Vb SEQ ID NO: 242
SSNIGNNY VL SEQ 1D NO: 243
ALPKQY VL SEQ ID NO: 244
QSLLHSNGYNY VL SEQ ID NO: 245
OSLVYSDGNTF VL SEQ 1D NO: 246
QSLVYSDGNTY VL SEQ 1D NO: 247
SGFSVGDFW VL SEQ ID NO: 248
TLPKQY VL SEQ ID NO: 249
SGSVSTSYY VL SEQ ID NO: 250
SGINVGTYR VL SEQ ID NO: 251
ALPKLY Vi SEQ 1D NO- 232
QSLVHSDGNTY VL SEQ 1D NO: 253
SSNIGAGYD VL SEQ 1D NO: 234
QSLLHSNGYNY Vb SEQ ID NO: 235
SSNIGNNY VL SEQ ID NO: 256
ALPKQY VL SEQ 1D NO: 257
SSDVGSYNL VL SEQ ID NO: 517
CDR2 Sequences

CDR2 VH Aming Acid Sequences Isotype SEQ IDNO

IVVGSGNT VH SEQ IDNO: 258
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IVVGSGNT vH SEQ ID NO: 259
IVVASGNT VH SEQ 1D NO: 260
IDTAGDT VH SEQ ID NO: 261
IDTAGDT VH SEQ ID NO: 262
IGTADDT VH SEQ ID NO: 263
IGTADDT /H SEQ ID NO: 264
ISSSSsY VH SEQ ID NO: 265
1SSSSTYI VH SEQ 1D NO: 266
1SSSS8YI VH SEQ ID NO: 267
ISSTSSYI VH SEQ ID NO: 268
ISS8SSY] VH SEQ ID NO: 269
IGGSTSTI vH SEQ D NO: 270
58SSSSTI VH SEQID NO: 271
IKQDGSEK VH SEQ ID NO: 272
IKQDGSEK VH SEQ ID NO: 273
IYTSGST VH SEQ ID NO: 274
IYTSGST H SEQ ID NO: 275
IYSSGST VH SEQ 1D NO: 276
IYTSGNT VH SEQ ID NO: 277
IHTSGST VH SEQ ID NO: 278
IVTSGST Vi SEQ ID NO: 279
IYTSGST vH SEQ ID NO: 280
IYASGNT VH SEQ ID NO: 281
IYYSGST VR SEQ ID NO: 282
YYSGST VH SEQ ID NO- 283

80
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IYTSGST VH SEQ ID NO: 284
7 ¥ /H

IYTTGST VH SEQ ID NO: 285

TYTSGNT Vi

SEQID NO: 286

IYTSGST VH SEQ ID NO: 287

IYTSGST VH SEQ ID NO: 288
IKQDGSEK /H SEQ ID NO: 289
IKQDGSEK VH SEQ 1D NO: 290
FYTSGSN VH SEQ 1D NO: 291
IYSSGST VH SEQ ID NO: 292
IKQDGSEK VH SEQ ID NO: 203
IVVGSGNT VH SEQ ID NO: 204
IVVGSGNT vH SEQ D NO- 205
IYYSGST VH

SEQ ID NO: 296

IKQDGSEK VH SEQ ID NO; 267

IKRKIDGGTT VH SEQ ID NO: 298
IKRKIDGGTT VH SEQ ID NO: 299
IYTSGNT H SEQ ID NO: 300
IKQDGSEK VH SEQ 1D NO: 301
IKSKTDGGTT vH SEQ 1D NO: 302
INPSGGGK VH SEQ ID NO: 303
IVTSGST VH SEQ ID NO: 304
IGGSTSTI vH SEQ ID NO: 305
IVVGSGNT VH SEQ ID NO: 306
IVVGSGNT VH SEQ ID NO: 307
[YSSGST VH

SEQID NG: 308
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IVVGSGNT vH SEQ ID NO: 300
IVVGSGNT VH SEQ 1D NO: 310
ISGSYGST VH SEQID NO: 311
IKSKTDGGT VH SEQ ID NO: 312
IYTSGST VH SEQ ID NO: 313
ISGSGGST /H SEQ 1D NO: 314
FSNDEK Vi SEQ ID NO: 315
IYTSGNT vH SEQ IDNO: 316
IWYDGSKK VH SEQ ID NO: 317
IYTSGST VH SEQ ID NO: 318
IVIGSGNT VH SEQ ID NO: 319
IRSKAKSYAT Vil SEQTD NO: 320
IKQDGVKK VH SEQ ID NO: 321
1SSSSSHK VH SEQ ID NO: 518
CDR2 VL Amino Acid Sequences Isotype SEQ ID NO
LGS VL SEQ 1D NO: 322
LGS VL SEQ ID NO: 323
LGS VL SEQ ID NO: 324
LGS VL SEQ ID NO: 323
LGS VL SEQID NO: 326
LGS VL SEQ ID NO: 327
LGS VL SEQ ID NO- 328
SNN VL SEQ 1D NO: 329
SNN VL SEQ ID NO: 330
SNN VL SEQ ID NO: 331
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RNN VL SEQ ID NO: 332
SNN Vb SEQ ID NO: 333
KIS VL SEQ ID NO: 334
KIS VL SEQ ID NO: 335
KIS \= SEQ ID NO: 336
KVS \& SEQ ID NO: 337
KDS VL SEQ ID NO: 338
KDS VL SEQ 1D NO: 339
KDS A\ SEQ ID NO: 340
KDS VL SEQ ID NO: 341
KDS VL SEQ ID NO: 342
KDS VL SEQ TD NO: 343
KDS VL SEQ ID NO: 344
KDS VL SEQ ID NO: 345
KDS A\ SEQ ID NO: 346
KDS VL SEQ ID NO: 347
SNN VL SEQ ID NO: 348
KDT VL SEQ 1D NO: 349
KDS \& SEQ ID NO: 350
KDS VL SEQ ID NO: 351
TLS Vb SEQ ID NO: 332
KDS VL SEQ ID NO: 353
KVS VL SEQ ID NO: 354
KDS Vi SEQ ID NO: 353
EGT VL SEQ ID NO: 3356
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KVS VL SEQ ID NO: 357
LGS \= SEQ ID NO- 358
LGS VL SEQ ID NO: 359
KiS VL SEQ ID NO: 3600
YHSDSDK VL SEQ ID NO: 361
RNN \& SEQ ID NO: 362
YHSDSNK VL SEQ ID NO: 363
KDS VL SEQ 1D NO: 364
KDI VL SEQ ID NO: 365
YHSDSNK VL SEQ ID NO: 366
5TS VL SEQ ID NO: 367
KDS VL SEQ 1D NO: 368
SNN VL SEQ ID NO: 369
LGS VL SEQ ID NO; 370
DNN A\ SEQ ID NO: 371
KDN VL SEQ ID NO: 372
LGS VL SEQ ID NO: 373
KVS VL SEQID NO: 374
KVS \& SEQ ID NO: 375
YHSDSNK VL SEQ ID NO: 376
KDS Vb SEQ ID NO: 377
5TN VL SEQ ID NO: 378
YKSDSNK Vi SEQ ID NO: 379
KDS VL SEQ 1D NO: 380
KIS VL SEQ ID NO. 381
84
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GNS VL SEQ ID NO: 382
LGS Vb SEQ ID NO: 383
DNN VL SEQ ID NO: 384
KDS VL SEQ ID NO: 385
EGS VL SEQ ID NO: 519

{0264} Table 2 provides exemplary anti-p9SHER2 antibody varable region sequences. The table

below provides the Habilities / SHM of specific residues of in the sequences provided in Table 2,

Letter Style Liabilities/ SHM
Bold Only ~e.g,, _—
LLEJ]\/EK? SE ERE
itahc.?:c()ni;i-’--- S8 Aberrant Cysteine / Binding
LMK : =
Tndetdine — e
Lndﬁrimfvw e.g., Dearidation
LMK
Bold & Halics-e.g,, Glycosylation

LMK

Bold & Underline - e N
g “LMK” Isomerization (D{DGHST]H

Underline + ltalics ~

Oxidation
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CLAIMS
What 1s claimed is:
I An anti-p93HER?2 antibody or antibody fragment comprising:

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence selected from
one of SEQ ID NOS: 2-65 and 514, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%;, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEG ID NOS: 2-65 and 514;

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence selected from
one of SEQ 1D NOS: 258-321 and 518, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ 1D NOS: 258-321 and 518;

a heavy chain CDR1 sequence (VH) comprising an amine acid sequence selected from
one of SEQ 1D NOS: 130-193 and 516, and/or 2 sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%:, at least 96%, at least 7%, at least 98%
or at feast 99% sequence identity with any of SEQ ID NOS: 130-193 and 510,

a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from one
of SEQ ID MNOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, ai least 97%, at least 98% or at least
99% sequence identity with any of SEQ ID NOS: 66-129 and 515;

a light chain CDR2 sequence { VL) comprisiug an amino acid sequence selected from one
of SEQ ID NOS: 322-385 and 519, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ D NOGS: 322-385 and 519; and/or

a light chain CDR1 sequence (VL) comprising an amino acid sequence selected from one
of SEQ 1D NOS: 194.257 and 517, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least

99% sequence identity with any of SEQ 12 NOS: 194-257 and 517.
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2. The an anti-pOSHER2 antibody or antibody fragment of claira 1, wheretn the aniibody or
antibody fragment comprises one or more oft

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at least 9684, at least 7%, at least 98% or at least 99% sequence identity with SEQ ID NG: 514;

a heavy chain CDR2Z sequence (VH) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at feast 83%, at least 90% at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NG 518;

a heavy chain CDR1I sequence {VH) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 959%, at least 96%,
at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NG: 516,

a light chain CDR3 sequence (VL) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,
at feast 97%%, at least 98% or at least 99% sequence identity with SEG ID NO: 515;

a light chain CDR2 sequence (VL) comprising av amino acid sequence and/or a sequence
that comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least
96%, at least 97%, at least 8% or at least 99% sequence identity with SEQ ID NO: 519; and

a light chain CDR1T sequence (VL) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,

at feast 96%, at least 97%, st least 98% or at least 99% sequence wdentity with SEQ 1D NG: 517

3. The anti-p9SHER? antibody or antibody fragment of clairo 1, wherein the antibody or
antibody fragment comprises a heavy chain (VH) CDR3 comprising an amino acid sequence
and/or a sequence that comprises an amino acid sequence having at least 85%, at least 90% at
feast 95%, at least 96%, at least 97%, at feast 98% or at least 99% sequence identity with SEQ ID

NO: 514,
4. The anti-p9SHER?2 antibody or antibody fragment of claim 1, wherein the antibody or

antibody fragment comprises a light chain CDR3 sequence (VL) comprising an amino acid

and/or a sequence that comprises an amino acid sequence having at least 85%, at least 909 at
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feast 95%, at least 96%, at least 97%., at least 98% or al least 99% seguence identity with SEQ ID

N 515,

5. The ant-p9SHER?2 antibody or antibody fragment of claim 1, wherein the antibody or
antibody fragment comprises a heavy chain {VH) CDR1 comprising an amino acid sequence
and/or a sequence that comprises an amino acid sequence having at least 85%, at feast 90% at
feast 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ ID

N{: 516,

6. The anti-p9SHERZ2 antibody or antibody fragment of claim 1, wherein the antibody or
antibody fragment comprises a light chain CDR1 sequence (VL) comprising an amino acid
and/or a sequence that comprises an amino acid sequence having at least 85%, at least 90% at
feast 95%, at least 96%, at least 97%, at feast 98% or at feast 99% sequence identity with SEQ ID

NO: 517

7. The anti-p9SHER? antibody or antibody fragment of claim 1, wherein the antibody or
antibody fragment comprises a heavy chain (VH) CDR2 comprising an amioo acid sequence

and/or a sequence that comprises an amino acid sequence having at least 85%, at teast 90% at
feast 95%, at least 96%, at least 97%, at least 9894 or at least 99% sequence 1dentity with SEQ 1D

N 518,

8. The anti-p9SHERZ antibody or antibody fragment of claira 1, wherein the aniibody or
antibody fragment comprises a light chain CDR2 sequence (VL) comprising an amino acid
and/or a sequence that comprises an amine acid sequence having at least 85%, at least 90% at
feast 95%, at least 96%, at least 97%, at least 98% or at least 99%% sequence identity with SEQ ID

NG 519,

9. The anti-p9SHER? antibody or antibody fragment of clairn |, wherein the antibody or
fragment comprises a heavy chain variable region encoded by 2 nucieic acid sequence having at
feast 95.5%, at least 96%;, at least 97%, at least 98% at least 99%, or at least 100% sequence

2 E 2 2

identity with a SEQ 1D NO: 841,
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10, The auti-p953HER2 antibody or antibody fragment of claim 1, wherein the antibody or
fragment comprises a light chain variable region encoded by a nucleic acid sequence having at
e /94

least 95.5%, at least 96%, at least 97%, at least 98%% at least 99%, or at least 100% sequence

identity with a SEQ HD NG 842

11 A therapeutic composition comprising an anti-p9SHERZ antibody or antibody fragment
COMPprising:

a heavy chain CDR3 sequence (VH} comprising an amine acid sequence selected from
one of SEQ ID NOS: 2-65 and 514, and/or a sequence that comprises an aming acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ 1D NQOS: 2-65 and 514;

a heavy chain CDR2 sequence (VH) comprising an amine acid sequence selected from
one of SEQ 1D NOK: 258-321 and 518, and/or 2 sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 9656, at least 97%, at lcast 98%
or at feast 99% sequence identity with any of SEQ 1D NOS: 258-321 and 518;

a heavy chain CDR1 sequence (VH) comprising an amino acid sequence selected from
one of SEG ID NOS: 130-193 and 516, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ ID NOS: 130-193 and 514;

a light chain CDR3 sequence { VL) comprising an amino acid sequence selected from one
of SEQ ID NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ D NOS: 66-129 and 515;

a light chain CDR2 sequence (VL) comprising an amino acid sequence selected from one
of SEQ 1D NOS: 322-385 and 519, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 953%, at least 96%, at least 97%, at least 98% or at least
99%, sequence identity with any of SEQ [D NOS: 322-385 and 519; and/or

a light chain CDRI sequence (VL) comprising an amino acid sequence selected from one
of SEC} 1D NOS: 194-257 and 517, and/or 3 sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least

99% sequence identity with any of SEQ 1D NOS: 194-257 and 517.
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12. The therapeutic composition of claim 11, wherein the antibody or antibody fragment
comprises one or more of

& heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or @
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at least 90%, at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 514

a heavy chain CDBR2 sequence (VH) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 9594,
at ieast 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NG: 518;

a heavy chain CDR1 sequence {VH} comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,
at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NO. 516,

a light chain CDR3 sequence (VL) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 20% at least 95%, at least 96%,
at feast 97%, at least 98% or at Ieast 99% sequence identity with SEG ID NO: 515;

a light chain CDR2 sequence (VL) comprising an amino acid sequence and/or a sequence
that comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least
96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NG: 519; and

a light chain CDRI sequence (VL) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,

at least 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NQO: 517

13, The therapeutic composition of claim 11, wherein the antibody or antibody fragment
comprises a heavy chain (VH) CDR3 comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 953%, at least 96%%,

at feast 97%, at least 98% or at least 9% sequence identity with SEQ 1D NG 514,

14, The therapeutic composition of claim 11, wherein the antibody or antibody fragment

comprises a light chain CDR3 sequence (VL) comprising an amino acid and/or a sequence that
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comprises an armino acid sequence haviog at least 85%, at least 90% at least 95%, at least 96%,

at feast 97%, at least 98% or at least 99% sequence identity with SEQ 1D NG: 515,

15. The therapeutic composition of claim 11, wherein the antibody or antibody fragment
comprises 2 heavy chain {(VH) CDR1 comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,

at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 516

16. The therapeutic composition of claim 11, wherein the antibody or antibody fragment
comprises a light chain CDR1 sequence (VL) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,

at feast 97%, at least 98% or at least 99% sequence identity with SEQ 1D NO: 517

17, The therapeutic composition of claim 11, wherein the antibody or antibody fragment
comprises a heavy chain {VH) CDR2 comprising an amino acid sequence and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,

at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NG: 518

i8. The therapeutic composition of claim 11, wherein the antibody or antibody fragment
comprises a light chain CDR2 sequence (VL) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,

at ieast 97%, at least 98% or at least 99% sequence identity with SEQ ID NG: 519,

19 The therapeutic composition of claim 11, wherein the antibody or fragment comprises a
heavy chain variable region encoded by a nucleic acid sequence having at least 95.5%, at least

6%, at least 97%, at least 98% at least 99%, or at least 100% sequence identity with a SEQ 1D

N{O: 841,

20. The therapeutic compostiion of claim 11, wherein the antibody or fragment comprises a
Hight chain variable region encoded by a nucleic acid sequence having at least 95.5%, at least
96%, at least 97%, at teast 98% at feast 99%, or at least 100% sequence identity with a SEQ ID

NO: 842
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21, A method of treating a cancer patient with a therapeutic composition comprising at least
one anti-p95SHER?2 antibody or fragment thereof, wherein said anti-p9SHERZ antibody or
fragment comprises:

a heavy chain CDR3 sequence (VH) comprising an amine acid sequence selected from
one of SEQ 1D NOS: 2-65 and 514, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%%, at least 98% or at least
99% sequence tdentity with any of SEQ [D NOS: 2-65 and 514

a heavy chain CDR2 sequence (VH) comprising an amine acid sequence selected from
one of SEQ 1D NOS- 258-321 and 518, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at [east 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence 1dentity with any of SEQ ID NOS: 258-321 and S18;

a heavy chain CDR1 sequence (VH) comprising an amino acid sequence selected from
one of SEQ ID NOS: 130-193 and 516, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with any of SEQ ID NOS: 130-193 and 516,

a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from one
of SE(} 1D NOS: 66-129 and 515, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ 1D NOS: 66-129 and 515;

a light chain CDR2 sequence (VL } comprising an amino acid sequence selected from one
of SE{ 1D NOS: 322-385 and 519, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ ID NOS: 322-385 and 519; and/or

a light chain CDRIT sequence (VL) comprising an amino acid sequence selected from one
of SEG ID NOS: 194-257 and 517, and/or a sequence that comprises an amino acid sequence
having at {east 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at feast

99% sequence identity with any of SEQ 1D NOS: 194-257 and 517.

22, The method of claim 21, wherein said anti-p93HERZ antibody or fragment comprises:

131



WO 2024/226522 PCT/US2024/025860

a heavy chain CDR3 sequence (VH) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 514,

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at least 96%, ai least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 518;

a heavy chain CDR1 sequence (VH) comprising an amine acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at feast 95%, at least 96%,
at feast 97%, at least 98% or at least 99% sequence identity with SEG ID NQO: 51¢6;

a hight chain CDR3 sequence (VL) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,
at feast 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 515;

a light chain CDR2 sequence (VL) comprising an amino acid sequence and/or a sequence
that comprises an amino acid sequence having at least 83%, at least 90% at least 95%, at least
6%, at least 97%, at Jeast 98% or at least 99% sequence identity with SEQ ID NO: 519; and

a light chain CDR1 sequence (VL) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at feast 85%, at least 90% at least 953%,

at least 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NGO: 517

23, A bispecific antibody or multi-specific antibody that biuds to p93HERZ and another antigen,
COMPrising:
a targeting arm of the bispecific antibody or multi-specific antibody comprises an
anti-p@SHER? antibody or antibody fragment comprising:

a a heavy chain CDR3 sequence (VH) comprising an amino acid sequence selected from
one of SEQ 1D NOS: 2-65 and 514, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity with any of SEQ D NOS: 2-65 and 514;

a heavy chain CDR2 sequence (VH) comprising an amino acid sequence selected from
one of SEQ 1D NOS: 258-321 and 513, and/or a sequence that comprises an amino acid
sequence having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98%

or at feast 99% sequence identity with any of SEQ ID NOS: 258-321 and 518;

132



PCT/US2024/025860

WO 2024/226522

teast 97%, at least 98%

a heavy chain CDR1 sequence (VH) comprising an amine acid sequence selected from
one of SEQ ID NOS: 130-193 and 516, and/or a sequence that comprises an amino acid
Yo, at

o

sequence having at least 85%, at least 90% at least 95%, at least 96
or at Jeast 99% sequence identity with any of SEQ 1D NOS: 130-193 and 51¢6;
a light chain CDR3 sequence (VL) comprising an amino acid sequence selected from one

of SEQ ID NOS: 66-129 and 515, and/or a sequence that comprises an aming acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%%, at least 98% or at least

76,
99% sequence identity with any of SEQ ID NOS: 66-129 and §15;
a light chain CDRZ sequence (VL) comprising an amino acid sequence selected from one

of SHQ HD NOS: 322-385 and 519, and/or a sequence that comprises an amino acid sequence
7%, at least 98% or at least

having at least 85%, at least 90% at least 95%, at least 96%;, at least 9

¥ 0,
99% sequence identity with any of SEQ ID NOS: 322-385 and 519; and/or
a light chain CDR1 sequence (VL) comprising an amino acid sequence selected from one

of SEQ ID NOS: 194-257 and 517, and/or a sequence that comprises an amino acid sequence
having at least 85%, at least 90% at least 95%, at least 96%, at least 97%, at least 98% or at least

99% sequence identity with any of SE{} 13 NOS: 194.257 and 517.
24, The bispecific antibody or multi-specific antibody of claim 23, wherein s antibody or
multi-specific antibody:
a heavy chain CDBR3 sequence (VH) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at feast 85%, at least 90% at least 95%
at least 96%, at least 97%, at least 98% or ai least 99% sequence identity with SEQ ID NG: 514
a heavy chain CDR2 sequence (VH) comprising an aming acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,
at feast 96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NOG: 518;
a heavy chain CDRI sequence (VH) comprising an amine acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%,
at least 97%, at least 98% or at least 99% sequence identity with SEQ ID NO: 516;
a light chain CDR3 sequence (VL) comprising an amino acid and/or a sequence that
comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least 96%

at feast 97%, at least 98% or at least 99% sequence identity with SEQ ID NG: §15;
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a light chain CDR2 sequence (VL) comprising an amino acid sequence and/or a sequence
that comprises an amino acid sequence having at least 85%, at least 90% at least 95%, at least
96%, at least 97%, at least 98% or at least 99% sequence identity with SEQ 1D NO: 519; and

a light chain CDR1 sequence (VL) comprising an amino acid sequence and/or a
sequence that comprises an amino acid sequence having at least 85%, at least 90% at least 95%,

at feast 96%, at least 97%, at least 98% or at least 99% sequence tdentity with SEQ 1D NO: 517,

134



