WHAT IS CLAIMED IS

An isolated binding molecule or antigen-binding fragment thereof which speciffcally

chain variable region (VL) of CL16 or 2C2.

As isolated binding molecule or antigen-binding fragment thergof which specifically
binds to HER3, and competitively inhibits HER3 binding by/an antibody or antigen-
binding fragment thereof comprising the VH and VL of C}/16 or 2C2.

The binding molecule or fragment thereof of claim 1 4r claim 2, wherein the VH and
VL of CL16 comprise SEQ ID NOs: 2 and 1, respegtively, and the VH and VL of 2C2
comprise SEQ ID NOs: 2 and 3, respectively. ‘

The binding molecule or fragment thereght of any one of claims 1 to 3, which

ﬁ'a 511xeﬁt thereo f

comprises an antibody or antigen-bindir

The binding molecule or fragment fhereof of any one of claims 1 to 4, wherein the

binding molecule is affinity ma

An isolated binding molecu}€ or antigen binding fragment thereof which specifically

binds to HER3 comprisigg an antibody VL, wherein the VL comprises the amino acid
sequence:
[FW]XGSXoSNIZLNY VS[FW,]RNNQRPS[FW3]AAWDDX 3 Xy XsGEX[FW4]
wherein [FW],AFW,], [FW3] and [FW4] represent VL framework regions, and
wherein
(a)

) X, represents amino acid residues Serine (S) or Leucine (L),

1 represents amino acid residues Arginine (R) or Serine (S),

() X5 represents amino acid residues Serine (S) or Glycine (G),

(d) X4 represents amino acid residues Leucine (L) or Proline (P),

(e) X5 represents amino acid residues Arginine (R), Isoleucine (I), Proline (P)
or Serine (S), and

(f) X represents amino acid residues Valine (V) or Alanine (A).
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10.

The binding molecule or fragment thereof of claim 6, wherein FW; comprises SEQ I
NO: 40 or 44, FW; comprises SEQ ID NO: 41, FW; comprises SEQ ID NO: 42, And
FW4 comprises SEQ ID NO: 43.

An isolated binding molecule or antigen binding fragment thereof which gpecifically
binds to HER3 comprising an antibody VH, wherein the VH comprigés the amino
acid sequence:
[FW5]YYYMQ[FW]X7IGSSGGVTNYADSVKG[FW;]VGLGD AFDI[FW5]
wherein [FWs], [FWs], [FW5] and [FW3g] represent VH fragfework regions, and

wherein X7 represents amino acid residues Tyrosine (Y), IsoJfucine (I) or Valine (V).

The binding molecule or fragment thereof of claim 8, whrein FWs comprises SEQ ID
NO: 36, FW¢ comprises SEQ ID NO: 37, FW; com
comprises SEQ ID NO: 39.

An isolated binding molecule or antigen bindéhg fragment thereof which specifically

binds to HER3 comprising an antibédy and an antibody VH, wherein the VL
comprises the amino acid sequence:
[FW,1X1GSX,SNIGLNY VS[FW;]

wherein [FW,], [FWy], [FW3]

NQRPS[FW;]AAWDDX ;X4 XsGEX[FW,4]

d [FW4] represent VL framework regions, and

wherein
(a) X, represents amjho acid residues Arginine (R) or Serine (S),
(b) X, represents gimino acid residues Serine (S) or Leucine @),

(c) X3 represends amino acid residues Serine (S) or Glycine (G),

(d) X4 reprefents amino acid residues Leucine (L) or Proline (P),

(e) X5 regresents amino acid residues Arginine (R), Isoleucine (I), Proline (P)

or Serjhie (S), and

¢ represents amino acid residues Valine (V) or Alanine (A), and

¢ VH comprises the amino acid sequence:

[FWAYYYMQ[FW(]X7IGSSGGVTNY ADSVKG[FW;]VGLGDAFDI[FW;]

whferein [FWs], [FW¢] ,[FW;] and [FWjs] represent VH framework regions, and

herein X7 represents amino acid residues Tyrosine (Y), Isoleucine (I) or Valine (V).

The binding molecule or fragment thereof of claim 10, wherein FW; comprises SEQ
ID NO: 40 or 44, FW, comprises SEQ ID NO: 41, FW; comprises SEQ ID NO: 42,
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12.

13.

14.

15.

16.

17.

FW,4 comprises SEQ ID NO: 43, FW;5 comprises SEQ ID NO: 36, FW¢ comprise
SEQ ID NO: 37, FW; comprises SEQ ID NO: 38, and FWj comprises SEQ ID I¥O:
39.

The binding molecule or fragment thereof of any one of claims 6 to

comprises an antibody or antigen-binding fragment thereof.

An isolated binding molecule or antigen binding fragment thereof #hich specifically
binds to HER3 comprising an antibody VL, wherein the comprises a VL
complementarity determining region-1 (VL-CDR1) amino acid sequence identical to,
or identical except for four, three, two or one amino acig substitutions to: SEQ ID

NO: 18, SEQ ID NO: 19, or SEQ ID NO: 20.

An isolated binding molecule or antigen binding fydgment thereof which specifically
binds to HER3 comprising an antibody VL,/wherein the VL comprises a VL
complementarity determining region-2 (VL-CDR2) amino acid sequence identical to,
or identical except for four, three, two or offe amino acid substitutions to SEQ ID NO:

Z1.

An isolated binding molecule or agfigen binding fragment thereof which specifically

binds to HER3 comprising An v antibody VL, wherein the VL comprises a
complementarity determining/region-3 (VL-CDR3) amino acid sequence identical to,
or identical except for foyf, three, two, or one amino acid substitutions to: SEQ ID
NO: 22, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID

NO: 27, SEQ ID NQ/28, SEQ ID NO: 29, or SEQ ID NO: 30.

An isolated binding molecule or antigen binding fragment thereof which specifically
binds to HPR3 comprising an antibody VH, wherein the: VH comprises a
complemepftarity determining region-1 (VH-CDR1) amino acid sequence identical to,
or idengcal except for four, three, two, or one amino acid substitutions to SEQ ID

NO:

isolated binding molecule or antigen binding fragment thereof which specifically
binds to HER3 comprising an antibody VH, wherein the VH comprises a

complementarity determining region-2 (VH-CDR2) amino acid sequence identical to,
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18.

19.

20.

21.

22.

or identical except for four, three, two, or one amino acid substitutions to: SEQ I

NO: 32, SEQ ID NO: 33, or SEQ ID NO: 34.

An isolated bihding molecule or antigen binding fragment thereof which spepffically
binds to HER3 comprising an antibody VH, wherein the VH cofiprises a
complementarity determining region-3 (VH-CDR3) amino acid sequencg identical to,
or identical except for four, three, two, or one amino acid substituifons to SEQ ID

NO: 35.

An isolated binding molecule or antigen binding fragment thgteof which specifically
binds to HER3 comprising an antibody VL, wherein the AL comprises VL-CDRI,
VL-CDR2, and VL-CDR3 amino acid sequences identifal to, or identical except for
four, three, two, or one amino acid substitutions in gfie or more of the VL-CDRS to:
SEQ ID NOs: 18, 21 and 22, SEQ ID NOs: 18, 21£and 26, SEQ ID NOs: 18, 21, and
27, SEQ ID NOs: 20, 21, and 22, SEQ ID NOg/'19, 21, and 22, SEQ ID NOs: 18, 21,
and 25, SEQ ID NOs: 18, 21, and 28, SEQ ) NOs: 18, 21, and 29, SEQ ID NOs: 18,
21, and 30, SEQ ID NOs: 18, 21, and 23, 8EQ ID NOs: 19, 21, and 23, SEQ ID NOs:
20, 21, and 23, SEQ ID NOs: 18, 24, and 24, or SEQ ID NOs: 18, 21, and 25,

respectively.

An isolated binding molecule gf antigen binding fragment thereof which specifically
binds to HER3 comprising An antibody VH, wherein the VH comprises VH-CDRI,

VH-CDR2, and VH-CDJ¥3 amino acid sequences identical to, or identical except for

An jgolated antibody or antigen-binding fragment thereof which specifically binds to
R3 comprising a VL and a VH comprising VL-CDR1, VL-CRD2, VL-CDR3, VH-

/CDR1, VH-CDR2, and VH-CDR3 amino acid sequences identical or identical except

for four, three, two, or one amino acid substitutions in one or more CDRs to: SEQ ID
NOs: 18, 21, 22, 31, 32, and 35, SEQ ID NOs: 18, 21, 26, 31, 32 and 35, SEQ ID
NOs: 18, 21, 27, 31, 32 and 35, SEQ ID NOs: 20, 21, 22, 31, 32 and 35, SEQ ID
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23.

24.

25.

26.

NOs: 19, 21, 22, 31, 32 and 35, SEQ ID NOs: 18, 21, 25, 31, 32 and 35, SEQ ID,
NOs: 18, 21, 28, 31, 32 and 35, SEQ ID NOs: 18, 21, 29, 31, 32 and 35, SEQ

respectively.

An isolated binding molecule or antigen binding fragment thereo
binds to HER3 comprising an antibody VL and an antibody A'H, wherein the VL
comprises an amino acid sequence at least about 90% to alout 100% identical to a
reference amino acid sequence selected from the group cghsisting of SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ I} NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9,‘SEQ ID NO: 10, SEQ I}J§ NO: 11, SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17

An isolated binding molecule or antigen binding fragment thereof which specifically
binds to HER3 comprising an antibody XL and an antibody VH, wherein the VH
comprises an amino acid sequence at feast about 90% to about 100% identical to a
reference amino acid sequence selegted from the group consisting of SEQ ID NO: 2,

SEQ ID NO: 12 and SEQ ID NO/13.

The binding molecule or frggment thereof of claim 23 or claim 24, which comprises

an antibody or antigen-bifding fragment thereof.

An isolated antibodyfor antigen binding fragment thereof which specifically binds to
HER3, wherein th€ antibody or antigen binding fragment comprises a VL comprising
a sequence atfeast about 90% to about 100% identical to a reference amino acid
sequence sefected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ
ID NO: 4 SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID
NO: 9/SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NQ/ 16, and SEQ ID NO: 17, and wherein the antibody or antigen binding fragment

omprises a VH comprising a sequence at least about 90% to about 100% identical to
a reference amino acid sequence selected from the group consisting of SEQ ID NO: 2,

SEQ ID NO: 12 and SEQ ID NO: 13.
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27.

28.

29.

31.

32.

33.

34,

35.

36.

An isolated antibody or antigen binding fragment thereof, which comprises a V.
comprising the VL consensus sequence provided in Table 4 and a VH comprisin

VH consensus sequence provided in Table 4.

An isolated antibody or antigen binding fragment thereof, which comppfses a VL
comprising SEQ ID NO: 3 and a VH comprising SEQ ID NO: 2.

The antibody or antigen-binding fragment thereof of any one of clgdms 4, 12, 21, 22,

or 25-28, which comprises a heavy chain constant region or fraggfent thereof.

The antibody or antigen-binding fragment thereof of claipd 29, wherein the heavy

chain constant region or fragment thereof'is an IgG constahit region.

The antibody or antigen-binding fragment thereof /of claim 30, wherein the IgG
constant region is selected from an IgG1 constant egioﬁ, an IgG2 constant region, an

IgG3 constant region and an IgG4 constant regifn.

The antibody or antigen-binding fragmegft thereof of claim 30, wherein the IgG

constant region is an IgG1 constant regybn.

The antibody or antigen-binding fdgment thereof of any one of claims 4, 12, 21, 22,

A e o

or 25-32, which comprises a Jght chain constant region selected from the group

=

ibering is according to the EU index as set forth in Kabat.

/ The isolated antibody or antigen binding fragment of claim 35, wherein at least one

IgG constant domain amino acid substitution is selected from the group consisting of:
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37.

38.

39.

(a) substitution of the amino acid at position 252 with Tyrosine (Y)

Phenylalanine (F), Tryptophan (W), or Threonine (T),
(b) substitution of the amino acid at position 254 with Threonine (T),
(c) substitution of the amino acid at position 256 with Serine (S), Argigfine (R),

(d) substitution of the amino acid at position 257 with Leucine (L),

() substitution of the amino acid at position 311 with Serine
(2) substitution of the amino acid at position 428 with Thrgénine (T), Leucine (L),
Phenylalanine (F), or Serine (S),
(h) substitution of the amino acid at position 433 w#h Arginine (R), Serine (S),
Isoleucine (I), Proline (P), or Glutamine (Q),
1) substitution of the amino acid at posifon 434 with Tryptophan (W),
Methionine (M), Serine (S), Histidine (HY, Phenylalanine (F), or Tyrosiné, and
() a combination of two or more of said glbstitutions,

wherein the numbering is according to the £U index as set forth in Kabat.

The isolated antibody or antigen binding fragment of claim 36, wherein the human

IgG constant domain comprises Amino acid substitutions relative to a wild-type
human IgG constant domain at gositions 252, 254, and 256, wherein
(a) the amino acid at posgion 252 is substituted with Tyrosine (Y), .

(b) the amino acid at pbsition 254 is substituted with Threonine (T), and

(c) the amino acid g# position 256 is substituted with Glutamic acid (E),

wherein the numberjg is according to the EU index as set forth in Kabat.

The isolated apfibody or antigen binding fragment of claim 37, wherein the amino
acid at posiflon 434 is substituted with an amino acid selected from the group
consisting/of Tryptophan (W), Methionine (M), Tyrosine (Y), and Serine (S), and

whereig the numbering is according to the EU index as set forth in Kabat.

isolated antibody or antigen binding fragment of claim 38, wherein the amino
cid at position 428 is substituted with an amino acid selected from the group
consisting of Threonine (T), Leucine (L), Phenylalanine (F), and Serine (S), and

wherein the numbering is according to the EU index as set forth in Kabat.
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40.

41.

42.

43.

44,

45.

46.

The isolated antibody or antigen binding fragment of claim 38, wherein the amin
acid at position 257 is substituted with Leucine (L), and the amino acid at Kgbhat
position 434 is substituted with Tyrosine (Y), and wherein the numbering is accgfding

to the EU index as set forth in Kabat.

The isolated antibody or antigen binding fragment of claim 39, whergin the amino
acid at Kabat position 428 is substituted with Leucine (L), and th¢ amino acid at

Kabat position 434 is substituted with Serine (S).

An isolated binding molecule or antigen-binding fragment thgfeof which specifically
binds to an epitope within the extracellular domain of HEBA, comprising an antibody
VL of SEQ ID NO:3, an antibody VH of SEQ ID NO: 2/and an IgG1 constant region

of SEQ ID 46.

An isolated binding molecule or antigen-binding/fragment thereof which specifically
binds to an epitope within the extracellulg/ domain of HER3, consisting of an
antibody VL of SEQ ID NO: 3, an antibfdy VH of SEQ ID NO: 2, and an IgG1

constant region of SEQ ID 46.

The isolated antibody or antigen bghding fragment of claim 29 or claim 30 wherein
the human IgG constanf region, onﬁ.priscs amino acid substitutions relative to a wild-
type human IgG constant gbmain at positions 252, 254, and 256, wherein the
numbering is according to fhe EU index as set forth in Kabat , and whefein
(a) the amino acid gf position 252 is substituted with Tyrosine (Y),

(b) the amino acjd at position 254 is substituted with Threonine (T), and

(c) the amino Acid at position 256 is substituted with Glutamic acid (E).

The antibody/or antigen-binding fragment of any one of claims 4, 12, 21, 22, or 25-

multpecific antibody, or an antigen-binding fragment thereof.

e antigen-binding fragment of any one of claims 4, 12, 21, 22, or 25-45, which is
Fv, Fab, F(ab")2, Fab', dsFv, scFv, and sc(Fv)2.
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47.

48.

49.

50.

S1.

52.

53.

W
_&h

56.

57.

58.

The antibody or fragment thereof of any one of claims 4, 12, 21, 22, or 25-46, whic

is conjugated to at least one heterologous agent.

A compositioh comprising the antibody or a fragment thereof of any one of ¢ ims 4,

12,21, 22, or 25-47, and a carrier.

A nucleic acid comprising a sequence encoding the antibody according to any one of

claims 4, 12, 21, 22, or 25-48.
A composition comprising a nucleic acid according to claim 49
A vector comprising a nucleic acid according to claim 49.

A host cell comprising a nucleic acid sequence accordig to claim 49, the composition

according to claim 50, or the vector according to clfim 51.

A method of making the antibody or antigen-biding fragment of ahy one of claims 4,
12, 21, 22, or 25-46, comprising (a) culturifig the cell of claim 46; and (b) isolating

the antibody or antigen-binding fragmenjthereof.
The composition of claim 48, furthef comprising an anticancer agent.

A diagnostic reagent comprising the antibody or antigen binding fragment of any one

of claims 4, 12, 21, 22, or 25/47 which is labeled.

A kit comprising the anfibody according to any one of claims 4, 12, 21, 22, or 25-47,

or the composition offany one of claims 48 or 54.

The antibody or Antigen binding fragment of any one of claims 4, 12, 21, 22, or 25-47,
which does ngf induce antibody dependent cell mediated cytotoxicity (ADCC).

The antifody or antigen binding fragment of claim 57, which does not induce
antibody dependent cell mediated cytotoxicity (ADCC) in BT-474 cells, SkKBR3 cells,

or g/combination thereof.

/ The antibody or antigen binding fragment of any one of claims 4, 12, 21, 22, 25-47,

57 or 52, which is an antagonist of HER3.
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60.

61.

62.

63.

64.

65.

66.

67.

The antibody or antigen binding fragment of claim 59, which is an antagonist
HER3 in cells selected from the group consisting of BT-474 cells, SkBR3 cdlls,
MDA-MB-175 cells, MDA-MB-361 cells, A549 cells, HARA-B cells, HMCB/cells,
HCC827 cells, MCF-7 cells, MKN45 cells, Kato IIT cells, gefitinib-resistant,

cells, or a combination of two or more of the recited cells.

The antibody or antigen binding fragment of any one of claims 59 oy/60, wherein the
HER3 is human HER3.

The antibody or antigen binding fragment of any one of claimé 4, 12, 21, 22, 25-47 or
57-61, wherein the binding of the antibody or antigen bingdng fragment to HER3 can

reduce cell proliferation.

The antibody or antigen binding fragment of claigh 62, wherein the binding of the
antibody or antigen binding fragment to HER3 cgh reduce cell proliferation in BT-474
cells, MDA-MB-175 cells, MDA-MB-361 cflls, HMCB cells, or a combination of

two or more of the recited cells.

The antibody or antigen binding fragmént of any one of claims 4, 12, 21, 22, 25-47, or
57-63, wherein the binding of the ghtibody or antigen binding fragment to HER3 can

reduce HER3-mediated signal trgnsduction.

The antibody or antigen bjAding fragment of claim 64, wherein the binding of the
antibody or antigen binding fragment to HER3 can reduce HER3-mediated signal
transduction in cells sflected from the group consisting of BT-474 cells, SkBR3 cells,
MDA-MB-175 cell§, MDA-MB-361 cells, A549 cells, HARA-B cells, HMCB cells,
HCC827 cells, YICF-7 cells, MKN45 cells, Kato III cells, gefitinib-resistant HCC827

cells, or a confbination of two or more of the recited cells.

The antihbdy or antigen binding fragment of any one of claims 4, 12, 21, 22, 25-47 or
57-65/wherein the binding of the antibody or antigen binding fragment to HER3 can
reddce ligand-dependent HER3 phosphorylation.

The antibody or antigen binding fragment of claim 66, wherein the binding of the
antibody or antigen binding fragment to HER3 can reduce ligand-dependent HER3

-136-




68.

69.

70.

71.

72.

73.

74.

75.

phosphorylation in MCF-7 cells, HMCB cells, HCC827 cells, MKN45 cells, Kato II

cells, or a combination of two or more of the recited cells.

The antibody or antigen binding fragment of any one of claims 66 or 67, whepin the
ligand-dependent HER3 phosphorylation is HRG-driven, EGFR-drivef, cMET-

driven, or FGFR2-driven, or a combination thereof.

The antibody or antigen binding fragment of any one of claims 4, 12421, 22, 25-47 or
57-68, wherein the binding of the antibody or antigen binding fifgment to HER3 can

reduce ligand-dependent phosphorylation of Akt protein kinasg’

The antibody or antigen binding fragment of claim 69,Avherein the binding of the

antibody or antigen binding fragment to HER3 Lan reduce ligand-dependent
phosphorylation of Akt protein kinase in A549 cglls, HMCB cells, MKN45 cells,

Kato III cells, or a combination of two or more ofthe recited cells.

The antibody or antigen' binding fragment of any one of claims 69 or 70, wherein the

ligand-dependent Akt phosphorylation is MET-driven, FGFR2-driven, or both.

The antibody or antigen binding fragfent of any one of claims 4, 12, 21, 22, 25-47 or
57-71, wherein the binding of the¢/antibody or antigen binding fragment to HER3 can

reduce ligand-independent AKA or HER3 phosphorylation.

The antibody or antigen Minding fragment of claim 72, wherein the binding of the

antibody or antigen bigding fragment to HER3 can reduce ligand-independent AKT

phosphorylation, HBFR3 phosphorylation, or both, in BT-474 cells.

The antibody op/antigen binding fragment of any one of claims 4, 12, 21, 22, 25-47 or
57-73, whergin the binding of the antibody or antigen binding fragment to HER3 can

> antibody or antigen binding fragment of claim 74, wherein the binding of the

fantibody or antigen binding fragment to HER3 can reduce HER3 phosphorylation in

cells resistant to tyrosine kinase inhibitors (TKI) targeting EGFR in gefitinib-resistant
HCC827 cells.
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76.

77.

78.

79.

80.

81.

o0
o

&4.

85.

The antibody or antigen binding fragment of any one of claims 4, 12, 21, 22, 25-47 o
57-75, wherein the antibody or antigen binding fragment can bind to human HEK3,
cynomolgus monkey HER3, and mouse HER3.

A method of inhibiting the growth of a cell expressing HER3 comprising £ontacting
the cell with the antibody or antigen binding fragment of any one of clayns 4, 12, 21,

22,25-47, or 57-76.

A method of treating cancer in a subject, comprising administefing to the subject a
therapeutically effective amount of the antibody or antigen biiding fragment thereof
of any one of claims 4, 12, 21, 22, 25-47, or 57-76.

The method of claim 78, wherein the cancer is selectgd from the group consisting of

colon cancer, lung cancer, gastric cancer, breast canger, and head and neck cancer.

The method of claim 79, wherein the cancer/comprises cells comprising a KRAS

mutation.

The method of claim 80, wherein the

12 of a human KRAS gene.

S mutation comprises a mutation of codon

A method of treating cancgr in a subject comprising administering to the subject a
therapeutically effective/amount of a first agent which is the antibody or antigen
binding fragment theyof of claims 4, 12, 21, 22, 25-47, or 57-76, in combination with
a therapeutically offective amount of a second agent, which is an anti-cancer agent

other than the fifst agent.

The method of claim 83, wherein the combination of the first agent and the second

agent is gynergistically effective.

The/method of any one of claims 83 or 84, wherein the second agent is a EGFR

ibitor, a HER2 inhibitor, a HER3 inhibitorvor a MEK inhibitor.

The method of any one of claims 83-85, wherein the second agent comprises an

antibody or antigen binding fragment thereof.
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87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

The method of any one of claims 86, wherein the second agent specifically binds t

epidermal growth factor receptor (EGFR).

The method of any one of claims 83-87 where the second agent is cet imab,

panitumumab, matuzumab or nimotuzumab.
The method of claim 86, wherein the second agent specifically binds t

The method of any one. of claims 83-87 and 89, wherein tife second agent is

trastuzumab, trastuzumab emtansine, pertuzumab, MM-111 or gertuzumab.

The method of claim 85, wherein selected from the grofp consisiting of gefitinib,
canertinib, lapatinib, erlotinib, afatinib, neratinib, selurgetinib, WX-554, selumetinib,

trametinib, refametinib, E-6201 and MEK-162.

A method of inhibiting the grow of a cell refistant to tyrosine kinase inhibitors,
comprising contacting the cell with a therapepfically effective amount of the antibody

or antigen binding fragment of any one of glaims 4, 12, 21, 22, 25-47 or 57-75.

A method of treating resistance to typosine kinase inhibitors in a subject, comprising
administering to the subject a thgfapeutically effective amount of the antibody or

A s Ao PR R o < an o A it A1 [o 2 S 1o BEs | T o 7777
antigen binding fragment of e of claims 4, 12, 21, 22, 25-47 or 57-75.

The method of any one offclaims 92 or 93, wherein the tyrosine kinase inhibitors

target EGFR or HER2.

A method of inhibfing the grow of a cell resistant to threonine kinase inhibitors,
comprising contg€ting the cell with a therapeutically effective amount of the antibody

or antigen binging fragment of any one of claims 4, 12, 21, 22, 25-47 or 57-75.

A methog of treating resistance to a threonine inhibitor in a subject, comprising
adminjftering to the subject a therapeutically effective amount of the antibody or

antifen binding fragment of any one of claims 4, 12, 21, 22, 25-47 or 57-75.
he method of claims 95 or 96, wherein the threonine kinase inhibitors target MEK.

The antibody or antigen binding fragment thereof according to any one of claims 4,

12, 21, 22, 25-47, or 57-76, which can specifically bind to an HER3 polypeptide or
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99.

100.

101.

102.

103.

104.

fragment thereof with an affinity characterized by a dissociation constant (Kp) o
about 0.45 nM (+/- 0.05 nM) or better as measured by a Biacore™ surface plasgfon
resonance assay wherein the antibody or antigen binding fragment thereof is boynd to

the Biacore™ chip.

The antibody or antigen binding fragment thereof according to any on¢/of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically bind to an HERY polypeptide or
fragment thereof with an affinity characterized by a dissociatiof constant (Kp) of
about 0.1 nM or better as measured by a Biacore™ surface plagmon resonance assay

wherein the HER3 polypeptide or fragment thereof is bound 6 the Biacore™ chip.

The antibody or antigen binding fragment thereof accopling to any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically Yind to an HER3 polypeptide or
fragment thereof with an affinity characterized by’a Kon of between 1x10° M s
and 6x10° M ! s71 and/or a K.gof between 0.5 0™* s and 2.0x107* 57! as measured
by a Biacore™ surfacé plasmon resonancef/assay wherein the antibody or antigen

binding or fragment thereof is bound to the Biacore™ chip.

The antibody or antigen binding fraghnent thereof according to any one of claims 4,
12, 21, 22, 25-47, or 57-76, whichfan specifically suppress HER3 phosphorylation in
HRG-driven MCEFE-7 cells with/an 1Csy of about 30 ng/mL or better as measured by
ELISA.

The antibody or antigey binding fragment thereof according to any one of claims 4,

12, 21, 22, 25-47, orb7-76, which can specifically suppress HER3 phosphorylation in

‘Ahe antibody or antigen binding fragment thereof according to any one of claims 4,

12, 21, 22, 25-47, or 57-76, which can specifically suppress cell growth in MDAMB-
175 cells with an ICso of about 0.15 pg/mL or better.
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105.

106.

107.

108.

109.

110.

111.

112.

The antibody or antigen binding fragment thereof according to any one of claims 4
12, 21, 22, 25-47, or 57-76, which can specifically suppress cell growth in H
cells with an ICs of about 0.2 pg/mL or better.

The antibody or antigen binding fragment thereof according to any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically suppress cell gro in HMCB

cells with an ICsq of about 0.03 pg/mL or better.

The antibody or antigen binding fragment thereof according toAny one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically suppréss
HCC827 cells with an ICsy of about 20 ng/mL or better.

R3 phosphorylation in

The antibody or antigen binding fragment thereof acgbrding to any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically ghppress HER3 phosphorylation in
HCC827 cells with an ICsy of about 2 ng/mL or ptter. ‘

The antibody ‘or antigen binding fragment ghereof according to any one of claims 4,

12, 21, 22, 25-47, or 57-76, which can s

cifically suppress HER3 phosphorylation in
HCC827 cells resistant to tyrosine kiphse inhibitor with an ICs, of about 25 ng/mL or

better.

The antibody or antigen bindj 'g fragment thereof according to any one of claims 4,
12, 21, 22, 25-47, or 57-76 /which can specifically suppress HER3 phosphorylation in
HCC827 cells resistant
better.

tyrosine kinase inhibitor with an ICs, of about 5 ng/mL or

The antibody orAntigen binding fragment thereof according to any one of claims 4,
12, 21, 22, 2547, or 57-76, which can specifically suppress HER3 phosphorylation in
MKN45 cefs with an ICso of about 10 ng/mL or better.

The agfibody or antigen binding fragment thereof according to any one of claims 4,
12, Z1, 22, 25-47, or 57-76, which can specifically suppress HER3 phosphorylation in

45 cells with an ICsy of about 5 ng/mL or better.

The antibody or antigen binding fragment thereof according to any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically suppress pAKT in MKN45 cells
with an ICso of about 10 ng/mL or better.
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114.

115.

116.

117.

118.

119.

The antibody or antigen binding fragment thereof according to any one of claims
12, 21, 22, 25-47, or 57-76, which can specifically suppress pAKT in MKN45 gells
with an ICsy of about 5 ng/mL or better.

The antibody or antigen binding fragment thereof according to any one ¢f claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically suppress pHER in/Kato III cells
with an ICsy of about 8 ng/mL or better.

The antibody or antigen binding fragment thereof according to/any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specifically suppres pHER in Kato III cells
with an ICso of about 1 ng/mL or better.

The antibody or antigen binding fragment thereof acgording to any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can specificallff suppress pAKT in Kato III cells
with an ICsy of about 5 ng/mL or better.

The antibody or antigen binding fragment fhereof according to any one of claims 4,
12, 21, 22, 25-47, or 57-76, which can £pecifically suppress pAKT in Kato III cells
with an ICsq of about 1 ng/mL or bettgr.

An ex-vivo method of detectingfhe activity level of HER3 comprising detecting the
level of phosphorylated HE {in a skin biopsy from a subject, wherein the skin is
treated with HRG prior to of after biopsy. '
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WHAT IS CLAIMED IS:

1. A monoclonal - antibody or an antigen-binding fragment thereof, which -
specifically binds to HER3, comprising an antibody variable light chain region (VL) and an

antibody variable heavy chain region (VH), wherein the VL comprises the amino acid sequence:
[FW1 ]SGSESNIGLNYVS[FW2]RNNQRPS[FW3 ]AAWDDSPPGEA[FW4]
wherein [FW1], [FW2], [EW3] and [FW4] represent VL framework regions, aﬁd
v?herein the VH comprises the amino acid séquence:
: [FWS]YYYMQ[FW6].YIGSSGGVTNYAQEVKG[»FW7]VGLGDA’FDI[FW8}
wherein [FW5], [FW6], [FW7] and [FWE] represent VH ffamework regions. |

2. The antibody or antigen-binding fragment of claim 1, wherein the VL comprises
an amino acid sequence at least 80% identical to the amino acid sequence of SEQ ID NO: 3, and
wherein the VH comprises an amino acid sequence at least 80% identical to the amino acid

sequence of SEQ ID NO‘: 2.

3. The antibody or antigen-binding fragment of claim 1, wherein the VL comprises
~ an amino acid sequence at least 90% identical to the amino acid sequence of SEQ ID NO: 3, and
wherein the VH comprises an amino acid sequence at least 90% identical to the amino acid

sequence of SEQ ID NO: 2.

4. The antibody or antigen-binding fragment of claim 1, wherein the VL compﬁses
an amino acid sequence at least 95% identical to the amino acid sequence of SEQ ID NOQ: 3, and
wherein the VH comprises an amino acid sequence at least 95% identical to the amino acid

sequence of SEQ ID NO: 2.

S. The antibody or antigen-binding fragment thereof of claim 1, wherein FWI
comprlses SEQ ID NO: 40 or 44, FW2 comprises SEQ ID NO: 41, FW3 comprlses SEQ ID NO:
42, FW4 comprises SEQ ID NO 43, FWS5 comprises SEQ ID NO: 36, FW6 comprises SEQ ID
NO: 37, FW7 comprises SEQ ID NO: 38 and FW8 comprises SEQ ID NO: 39.
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6. The antibody or,antigen—binding fragment thereof of claim 1, which comprises a

VL comprising SEQ ID NO: 3 and a VH comprising SEQ ID NO: 2.

7. The antibody or antigen-binding fragment thereof of claim 1, which compriées a

heavy chain constant region.

8. The antibody or antigen-binding fragment thereof of claim 7, wherein the heavy

chain constant region is a human IgG constant region.

9. The antibody or antigen-binding fragment thereof of claim 8§, wherein the human

IgG constant region is an IgG1 constant region.

'10.  The antibody or antigen-binding fragment thereof of claim ’1, which comprises a
light chain constant region selected from the group consisting of a human kappa constant region

and a human lambda constant region.

11.  The antibody or antigen-binding fragment thereof of claim 9, which comprises a
light chain constant region selected from the group consisting of a human kappa constant region

and a human lambda constant region.

12. The antibody or antigen-binding fragment thereof of claim 11, which comprises a

human lambda constant region.
13.  The antibody or antigen-binding fragment of claim 8,

(1) wherein the human IgG constant region comprises amino acid substitutions relative to
a wild-type human IgG constant domain at positions 252, 254,Aand”2‘56,‘ wherein the numbering

is according to the EU index as set forth in Kabat, and wherein
(a) the amino acid at position 252 is substituted with Tyrosine (Y),
(b) the amino acid at position 254 is substituted with Threonine (T), and

(c) the amino acid at position 256 is substituted with Glutamic acid (E).
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14.  The antibddy or antigen-binding fragment of claim 1, wherein the antibody is a
human antibody, a humanized antibody, a chimeric antibody, .a recombinant antibody, a
multispecific antibody, or an antigen-binding fragment thereof, wherein the antigen-binding
fragment is an Fv, Fab, F(ab")2, Fab', dsFv, scFv, or sc(Fv)2; or wherein the antibody or antigen-

binding fragment thereof is conjugated to at least one heterologous agent.

15. An antibody or an antigen-binding fragment thereof, which specifically binds to
HER3, comprising an antibody VL and an antibody VH, wherein the VL comprises the amino

acid sequence:
[FW1]X;GSX,SNIGLNY VS[FW2]RNNQRPS[FW3]AAWDDX 3 X4 XsGEXe[ FW4]

wherein [FW1], [FW2], [FW3] and [FW4] represent VL frafnework regions, and

wherein
(a) X, represents amino acid residues Arginine (R) or Serine (S),
“(b) Xy répresents amino acid residues Serine (S) or Leucine (L),
(¢) X; represents amino acid residues Serine (S) or Glycine (G),
(d).X4 represents amino acid residues Leucine (L) ﬁ)r Proline (P),

(e) X5 represents amino acid residues Arginine (R), Isoleucine (I), Proline (P) or Serine

(S), and
(f) X represents amino acid residues Valine (V) or Alanine (A), and
wherein the VH comprises the‘ ar'flino acid sequence:
[FWS]YYYMQ[FWG]XﬂGSSGGVT NYADSVKG[FW7]VGLGDAF DI[FW8]

wherein [FW5], [FW6] ,[FW7] and [FW8] represent VH framework regions, and wherein

X5 represents amino acid residues Tyrosine (Y), Isoleucine (I) or Valine (V).

16. The antibody or antigen-binding fraigment of claim 15, wherein the VL comprises

a complementarity determining regio_h (CDR) 1 comprising an amino acid sequence selected
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from the group consisting of SEQ ID NOS: 18, 19, and 20, a CDR2 comprising én amino acid
sequence selected from the group consisting of SEQ ID NO: 21, a.CDR3 comprising an amino
acid sequence selected from the group consisting of SEQ ID NOS: 22, 23,24, 25, 26, 27, 28, 29,
and 30, and

wherein the VH comprises a CDR1 comprising the amino acid sequence of SEQ ID NO:
31, a CDR2 comprising an amino acid sequence selected from the group consisting of SEQ 1D

NOS: 32, 33, and 34, a CDR3 corriprising the amino acid sequence of SEQ ID NO: 35.

17. A composition comprising the antibody or antigen-binding fragment thereof of

claim 1, and a pharmaceutically acceptable carrier. . ..

18. A nucleic acid comprising‘ a sequence encoding the antibody or antigen-binding

fragment according to claim 1.

19. A vector comprising a nucleic acid according to claim 18.
- 20. A host cell comprising a nucleic acid sequence according to claim 18.
21. A method of making an ahtibody or antigen-binding fragment thereof, comprisi'ng

(a) culturing the cell of claim 20; and (b) isolating the antibody or antigen-binding fragment

thereof. - : : .

22.  An in vitro method of inhibiting the proliferation of a cell expressing.HERB, said

method comprising contacting the cell with the antibody or antigen-binding fragment of claim 1.

23. Use of an antibody or antigen-binding fragment,”ther"eof of claim 1 in the

manufacture of a medicament for treating cancer in a subject.

24.  The use of claim 23, wherein the cancer is selected from the group consisting of

colon cancer, lung cancer, gastric cancer, breast cancer, head and neck cancer, and melanoma.

25. The use of claim 24, wherein the cancer comprises cells comprisirig a KRAS

nutation.
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26. Use of a first agent which is the antibody or antigen-binding fragment thereof of
claim 1, in combination with a therapeutically effective amount of a second agent, which is an
anti-cancer agent other than the first agent in the manufacture of a medicament for treating

cancer in a subject.
27. A kit comprising the antibody or antigen-binding fragment thereof of claim 1.

28.  An in vitro method of diagnosing a HER3-expressing cancer in a patient, wherein

the method comprises the steps of:

(a) contacting a biological sample from the patient with the antibody or antigen-binding

- fragment of claim 1;

(b) detecting binding of the antibody or antigen-binding fragment to HER3 to determine

a HER3 protein level in the biological sample from the patient; and
(¢) comparing the HER3 protein level with a standard HER3 protein level.

29. A method of monitoring the HER3 protein level during treatment of a HER3-

expressing cancer in a patient, wherein the method comprises the steps of:

(a) contacting a biological sample obtained from the patient who was administered the

- antibody or antigen-binding ffagment of claim i;

(b) detecting binding of the antibody or antigen-binding fragment to HER3 to determine

a HER3 protein level in the biological sample from the patient; and
(¢) comparing the HER3 protein level with a standard HER3 protein level.
30. The method of claim 23, wherein the cancer is characterized as expressing heregulin.

31. An in vitro method of monitoring HER3 protein activity level during treatment of
cancer in a pafient being administered the antibody or antigén—binding fragment of claim 1,

wherein the method.comprises the steps of:
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(a) contacting a biological sample obtained from the patient with an antibody or antigen-

binding fragment that specifically binds to phosphorylated HER3;

(b) detecting binding of the antibody or antigen-binding fragment to phosphorylated
HER3 to determine a HER3 protein activity level in the biological sample from the patient; and

(¢c) comparing the HER3 protein activity level with a standard HER3 protein activity

level.

32. An isolated binding molecﬁle or an antigen-binding fragment thereof, which
specifically binds to an epitope within the extracellular domain of HER3, wherein the binding
molecule spe<:1ﬁcally binds to the same HER3 epltope as an antibody or antigen-binding
fragment thereof comprising the heavy cham variable region (VH) and light chain variable

region (VL) of CL16 or 2C2.

33. An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3, and competitively inhibits HER3 bindlng by‘ an antibody or antigeh—
binding fragment thereof comprising the VH and VL of CL.16 or 2C2. '

34. The isolated binding molecule or antigen-binding fragment of claim 1 or claim 2,
‘wherein the VH and VL of CL16 comprise SEQ ID NOs: 2 and 1, respectively, and the VH and
. VL of 2C2 comprise SEQ ID NOs: 2 and 3, respectively. B

35. An isolated blnding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VL, wherein the VL comprises a VL
complementarity determining régi0n~l (VL-CDR1) amino acid sequence iclentical to, or identical
except for four, lhree, two or one amino acid substitutions to: SEQ ID NO: 18, SEQ ID'NO: 19,
or SEQ ID NO: 20. |

36. An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VL, wherein the VL comprises a VL
complementarity determining region-2 (VL-CDR2) amino acid sequence identical to, or identical

except for four, three, two or one amino acid substitutions to SEQ ID NO: 21 .
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37. An isolated Abinding molecule or an antigen-binding fragment thereof, which
specifically binds. to HER3 comprising an antibody VL, Wherein the VL comprises a
complementarity determining region-3 (VL-CDR3) amino acid sequence idenfical to, or identical
except for four, three, two, or one amino acid substitutions to: SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24, SEQ ID NO:'25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID
NO: 29, or SEQ ID. NO: 30. |

38. An isolated binding‘ molecule or an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VH, wherein the VH comprises a
complementarity determining region-1 (VH-CDRI1) amino acid sequence identical to, or

. identical except for four, three, two, or one amino acid substitutions to SEQ ID NO: 31.

39. An isolated binding molecule or an -antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VH, wherein the VH comprises a
complementarity - determining region-2 (VH-CDR2) amino acid sequence identical to, or
identical except for four, three, two, or one amino acid substitutions to: SEQ ID NO: 32, SEQ D

NO: 33, or SEQ ID NO: 34.

40. An isolated binding molecule an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an " antibody VH, wherein the VH comprises  a
~ complementarity determining region-3 (VH-CDR3) amino acid sequence identical to, or

identical except for four, three; two, or one amino acid substitutions to SEQ ID NO: 35.

41. An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VL, wherein the VL comprises VL—CDR],
VL-CDR2}, and VL-CDR3 amino acid sequences identical to, 6r identical except for four, three,
two, or one amino acid substitutions in one or more of the VL-CDRS to: SEQ ID NOs: 18, 21
and 22, SEQ ID NOs: 18, 21, and 26, SEQ ID NOs: 18, 219 and 27 , SEQ ID NOs: 20, 21, and .
22, SEQ ID NOs: 19, 21, and 22, SEQ ID NOs: 18, 21, and 25, SEQ ID NOs: 18, 21, and 28,
SEQ ID NOs: 18, 21, and 29, SEQ ID NOs: 18, 21, and 30, SEQ ID NOs: 18, 21,'and 23, SEQ
ID NOs: 19, 21, and 23, SEQ ID NOs: 20, 21, and 23, SEQ ID NOs: 18, 21, and 24, or SEQ ID
NOs: 18, 21, and 25, respectively. o ' ‘
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42. An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VH, wherein the VH comprises VH-CDRI1,
VH-CDRQ, and VH-CDR3 ‘ami‘no acid sequences identical to, or identical except for four, three,
two, or one amino acid substitutions in one or more of the VH-CDRS to: SEQ ID NOs: 31, 32
and 35, SEQ ID NOs: 31, 33, ahd 35, or SEQ ID NOs: 31, 34, and 35, respectively.

43. An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3 comp'rising a VL and a VH comprising VL-CDRI, VL-CRDZ, VL-
CDR3, VH-CDRI1, VH-CDR2, and VH-CDR3 amino acid sequences identical or identical
except for four, three, two, or one amino acid substitutions in one or more CDRs to: SEQ ID
. NOs: 18, 21, 22, 31, 32, and 35, SEQ ID NOs: 18,21, 26? 31,32 and 35, SEQ ID NOs: 18, 21,
27, 31; 32 and 35, SEQ ID NOs: 20, 21, 22, 31, 32 and 35, SEQ ID NOs: 19, 21,22, 31,.32 and
35, SEQ ID NOs: 18, 21, 25, 31, 32 and 35, SEQ ID NOs: 18, 21, 28, 31, 32 and 35, SEQ ID
NOs: 18, 21, 29, 31, 32 and 35, SEQ ID NOs: 18, 21, 30, 31, 32 and 35, SEQ ID NOs: 18, 21,
23,31, 32 énd 35, SEQ ID NOs: 19, 21, 23, 31, 32 and 35, SEQ ID NOs: 20, 21, 23, 31,‘32 and
35, SEQ ID NOs: 18, 21, 24, 31, 32 and 35, or SEQ ID NOs: 18, 21, 25, 31, 32 and 35,

respectively.

44. An isolated binding molecule or an antigen-binding fragment thereof, which
‘speciﬁcall'y binds to HER3 comprising an anti.body VL and an antibody VH, wherein the VL
' comprises“ an amino acid sequence at least about 90% to about 100% identical to a referenc:e
amino acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ
ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID
NO: 17.

45. Ani isolated binding molecule. or an antigen-binding fragment thereof, which
specifically binds to HER3 comprising an antibody VL and an antibody VH, wherein the.VH
comprises an amino acid sequence at least about 90% to about 100% identical to a reference
amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 12 and
SEQ ID NO: 13. | | | | |
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46. An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to HER3, wherein the antibody or antigen bindihg fragment comprises a VL
comprising a sequence at least about 90% to about 100% identical to a reference amino. acid
sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17, and -
wherein the antibody or antigen binding fragment comprises a VH comprising a sequence at least
about 90% to about 100% identical to a reference amino acid sequence selected from the group

consistiﬁg of SEQ ID NO: 2, 'SEQ ID NO: 12 and SEQ ID NO: 13.

47. The isolated binding molecule or antfgen—binding fragment thereof of any one of

claims 32-46, which comprises a heavy chain constant region or fragment thereof.-

48. The isolated binding molecule or antigeh-b‘inding fragment thereof of claim 47,

wherein the heavy chain constant region or fragment thereof is an IgG constant region.

49, The isolated blndmg molecule or antlgen-bmdmg fragment thereof of claim 48,
wherem the IgG constant reglon is selected from an IgG1 constant region, an IgG2 constant

region, an IgG3 constant region and an 1gG4 constant region.

50, The isolated binding ‘molecule or antigen-binding fragment thereof of claim 48

- wherein the IgG constant reglon is an IgG1 constant region.

51. The isolated binding molecule or antigen-binding fragment thereof of any one of
claims of any one of claims 32-50, which comprises a light chain constant region selected from

the group consisting of a human kappa constant region and a human lambda constant region.

52. The isolated binding molecule or antigen binding fragment of ény one of claims 48-
50, wherein the IgG constant domain compfises one or more amino acid substitutions relative to -
a wild-type IgG constant domain wherein the modified IgG has an increased half-life compared

to the half-life of an IgG having the wild-type IgG constant domain.

53. The isolated binding molecule or antigen binding fragment of claim 49, wherein the

IgG constant domain comprises one or more amino acid substitutions of amino acid residues at
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positions 251-257, 2854290, 308-314, 385-389, and 428-436, wherein the hulnbering is
according to the EU index as set forth in Kabat.

54. The isolated binding molecule or antigen binding fragment of claim 53, wherein at
least one IgG constant domain amino acid substitution is selected from the group consisting of:

(a) substitution of the amino acid at position 252 with Tyrosine (Y'), Phenylalanine (F),
Tryptophan (W), or Threonine (T),

(b) substitution of the amino acid at position 254 with Threonine (T),

(c) substitution of the amino acid at position 256 with Serine (S), Arginine (R),
Glutamine (Q), Glutamic acid (E), Aspartic acid (D), or Threonine (T),

(d) subs_titutio'n of the amino acid at position 257 With Leucine (L), .
(e) substitution of the amino acid ét position 309 with Proline (P),
(f) substitution of the amino acid at position 311 with Serine (S),

(g) substitution of the amino acid at position 428 with Threomne (T), Leucine (L)
Phenylalanine (F), or Serine (S),

| (h) substitution of the amino acid at position 433 with Arginine (R) Serine (S)
Isoleucine (I), Proline (P), or Glutamine (Q),

(i) substitution of the amino acid at position 434 with Tryptophan (W), Methionine (M),
Serine (S), Histidine (H), Phenylalanine (F), or Tyrosine, and

(j) “a combination of two or more of said substitutions,

wherein the numbering is according to the EU index as set forth in Kabat.

55. The isolated Binding molecule or antigen binding fragmént of claim 54, wherein the
human IgG constant domain compfises amino acid substitutions relative to a vwild»typé human
IgG constant domain at positions 252, 254, and 256, wherein

(a) the amino acid at posiﬁon 252 is substituted with Tyrosine (Y),

(b) the amino acid at position 254 is substituted with Threonine (T), and
(c) the amino acid at position 256 is substituted with Glutamic acid ‘(E),

wherein the numbering is according to the EU index as set forth in Kabat.

Lo
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56. The isolated binding molecule or antigen binding fragment of claim 55, wherein the
amino acid at position 434 is substituted with an amino acid selected from the group éonsisting
of Tryptophan (W), Methionine (M), T_yrosine (Y), and Serine (S), and wherein the numbering is
according to the EU index as set forth in Kabat. ‘

57. The isolated binding molecule or antigen Binding fragment of claim 56, wherein the
amino acid at position 428 is substituted with an amino acid selected from the group consisting
of Threonine (T), Leucine (L), Phenylalanine (F), and Serine (S), and wherein the numbering is

according to the EU index as set forth in Kabat.

58. The 1solated binding molecule or anti gen bmdmg fragment of claim 56, wherem the
amino acid at position 257 is substituted with Leucine (L), and the amino acid at Kabat position
434 is substituted with Tyrosine (Y), and wherein the numbering is according to the EU index as

set forth in Kabat.

~ 59. The isolated binding molecule or antigen binding fragment of claim 57, wherein the
amino acid at Kabat poéition 428 is substituted with Leucine (L), and the amino acid at Kabat

position 434 is substituted with Serine (S)

[y

60, An isolated binding molecule or an antigen-binding fragment thereof, which
specifically binds to an epitope within the extracellular domain of HER3, comprising an antibody
VL of SEQ ID NO:3, an antibody VH of SEQ ID NO: 2, and an IgG1 constant region of SEQ ID
46.

- 61. An isolated binding molecule or an antigen-binding fragment thereof, which
speciﬁcally binds to an epitope within the extracellular domain of HER3, consisting of an
antibody VL of SEQ ID NO: 3, an antibody VH of SEQ ID NO: 2, and an IgG1 constant region
of SEQ ID 46.

62. The binding molecule or antigen-binding fragment of any one of claims 32-61,
wherein the antibody is ‘a human antibody, a humanized antibody, a chimeric antibody, a

recombinant antibody, a multispecific antibody, or an antigen-binding fragment thereof.
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63. The antigen—binding fragment of any one of claims 32-62, which is FV; Fab, F(ab")2,
Fab', dsFv, scFv, and sc(Fv)2.

64. The binding molecule or fragment thereof of any one of claims 32-63, Whi‘ch is

conjugated to at least one heterologous-agent.

65. The binding molecule or fragment thereof of any one of claims 32-64, wherein the

binding molecule is an antibody.

66. The binding molécule or fragment thereof of claim 65, wherein the antibody is a

monoclonal antibody.

67. A cbmposition comprising the binding molecule or fragment thereof of any one of

claims 32-66, and a carrier.

68. A nucleic acid comprising a sequence encoding the binding molecule according to

any one of claims 32-63, 65, and 66.
69. A composition comprising a nucleic acid according to claim 68.
nnnnnnnnnnnn Tain geid i
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71.A host cell comprising a nucleic acid sequence according to claim 68, the

composition according to claim 69, or the vector according to claim 70.

72. A method of making a binding molecule or antigen-binding fragment, comprising (a)

culturing the cell of claim 71; and (b) isolating the antibody or antigen-binding fragment thereof.
73. The composition of claim 69, further comprising an anticancer agenf.

74. A diagnestic reagent comprising the binding molecule or fragment of any one of

claims 32-66 which is labeled.

75. A kit comprising the binding molecule according to any one of claims 32-66, or the

composition of claim 67 or 73.

138



76. The binding molecule or antigen binding fragment of any one of claime 32-66, which

does not induce antibody dependent cell mediated cytotoxicity (ADCC).

77. The binding molecule or antigen binding fragment of claim 76, which does not induce
antibody dependent cell mediated cytotoxicity (ADCC) in BT-474 cells, SkBR3 cells, or a

combination thereof.

78. The binding molecule or antigen binding fragment of any one of claims 32-66, which

is an antagonist of HER3.

79. The binding molecule or antigen bmding fragment of claim 78, which is an antagonist
» of HER3 1n cells selected from the group eonsnsting of BT-474 cells, SkBR3 cells, MDA-MB-
175 cells, MDA-MB-361 cells, A549 cells, HARA—B cells? HMCB cells, HCC827 cells, MCF-7
cells, MKN45 cells, Kato. I1I cells, geﬁtinib—resistant HCCR827 cells, or a combination of two or

more of the recited cells.

80. The binding molecule or antivgen binding fragment of claim 78 or 79, wherein the

HER3 is human HER3.

81. The binding molecule or antigen binding fragment of any one of claims 32-66,
‘wherein the binding of the binding molecule or antigen binding fragment to HER3 can reduce

-

- cell proliferation.

82. The binding molecule or antigen binding fragment of claim 81, wherein the binding
of the binding molecule or antigen binding frégment to HER3 can reduce cell proliferation in
BT-474 cells, MDA-MB-175 cells, MDA-MB-361 cells, HMCB cells or a combination of two

or more of the re01ted cells.

83. The binding molecule -or antigen binding fragment of any one of claims 32-66,
wherein the binding of the binding molecule or antigen binding fragment to HER3 can reduce

HER3-mediated signal transduction.

'84. The binding molecule or antigen binding fragment of claim 83, wherein the binding
of the binding molecule or antigen binding fragment to HER3 can reduce HER3-mediated signal
transduction in cells selected from the group consisting of BT-474 cells, SkKBR3 cells, MDA-

k4
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MB-175 cells, MDA-MB-361 cells, A549 cells, HARA-B cells, HMCB cells, HCC827 cells,
MCF-7 cells, MKN45 cells, Kato IIT cells, gefitinib-resistant HCC827 cells, or a combination of

two or more of the recited cells;

85. The binding molecule or antigen binding fragment of any one of claims 32-66,
wherein the binding of the binding molecule or antigen binding fragment to HER3 can reduce

Hgand—dependent HER3 phosphorylation.

86. The binding molecule or antigen binding fragment of claim 85, wherein the binding
of the binding molecule or antigen binding fragment to HER3 can reduce ligand-dependent
HER3 phosphorylation in MCF-7 cells, HMCB cells, HCC827 cells, MKN45 cells, Kato III

cells, or a oombmatlon of two or more of the recited cells

87. The binding molecule or antigen binding fragment of claim 85 or 86, wherein the
Aligand—dependent‘ HER3 phosphorylation is HRG-driven, EGFR-driven, ¢cMET-driven, or

FGFR2-driven, or a combination thereof..

88. The binding molecule or antigen binding fragment of any one of claims 32-66,
wherein the binding of the binding molecule or antigen binding fragment to HER3 can reduce

ligand-dependent phosphorylation of Akt protein kinase. = .

89: The binding molecule or antigen binding fragment of claim 88, wherein the binding
of the binding molecule or antigen binding fragment to HER3 can reduce ligand-dependent
phosphorylation of Akt protein kinase in A549 cells, HMCB cells, MKN45 cells, Kato III cells,

or a combination of two or more of the recited cells.

90. The Binding molecule or antigen binding fragment of claim 88 or 89, wherein the

ligand-dependent Akt phosphorylation is cMET—driven, FGFR2-driven, or both.

91. The binding molecule or antigen binding fragment of any one of claims 32-66,
wherein the binding of the binding molecule or antigen binding fragment to HER3 can reduce

ligand-independent AKT or HER3 phosphorylation.
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92. The binding molecule or antigeri binding fragment of claim 91, wherein the binding
of the binding molecule or antigen binding fragment to HER3 can reduce ligand-independent

AKT phosphorylation, HER3 phosphorylation, or both, in BT-474 cells. -

93. The binding molecule or antigen binding fragment of any one of claims 32-66,
wherein the binding of the binding molecule or antigen binding fragment to HER3 can reduce

HER3 phosphorylation in cells resistant to Tyrosine Kinase Inhibitors (TKI) targeting EGFR.

94. The binding molecule or antigen binding fragment of claim 93, wherein the binding
of the binding molecule or antigen binding fragment to HER3 can reduce HER3 phosphorylation
in cells resistant to-tyrosine kinase inhibitors (TKI)- targeting EGFR in gefitinib-resistant

" HCC827 cells.

95. The binding molecule or antigen binding fragment of any one of claims 32-66,
wherein the binding molecule or antigen binding fragment can bind to human HER3,

cynomolgus monkey HER3, and mouse HER3.

96. An in vitro method of inhibiting the growth of a cell expressing HER3 comprising

contacting the cell with the binding molecule or antigen binding fragment.

97. Use of a binding molecule or antigen binding.fr.agment thereof of any one of claims

-

~32-66 in the manufacture of a medicament for treating cancer in a subject.

98. The use of claim 97, wherein the cancer is selected from the group consisting of colon

cancer, lung cancer, gastric cancer, breast cancer, and head and neck cancer.

99. The use of claim 98, wherein the cancer comprises cells comprising a KRAS

mutation.

100. - The use of claim 99, wherein the KRAS mutation comprises a mutation of codon

12 of a human KRAS gene.

101.  The use of any one of claims 97-100, wherein the subject is human. .
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102.  Use of a first agent which is the binding molecule or antigen binding fragment
thereof of claims 32-66, in combination with a therapeutically effective amount of a second
agent, which is an anti—can_cér agent other than the first agent in the manufacture .of a

medicament for treating cancer in a subject .

103.  The use of claim 102, wherein the combination of the first agent and the second

agent is synergistically effective.

104.  The use of claim 102 or 103, wherein the second agent is a EGFR inhibitor, a
HER?2 inhibitor, or a HER3 inhibitor.

- 105.  The uée of claim 102 or 103, wherein the second agent is a MEK inhibitor.

106." The use of any one of claims 104, wherein the second agent comprises an

antibody or antigen bindihg fragment thereof.

107. The use of claim 104, wherein the second agent specifically binds to epidermal

growth factor receptor (EGFR).

'108.  The use of claim 104, wherein the second agent is cetuximab, panitumum'ab,

‘matuzumab or nimotuzumab.
109.  The use of claim 104, wherein the second agent specifically binds to HER2.

110. The use of claim 104, wherein the second agent is trastuzumab, trastuzumab

emtansine, MM-111 or pertuzumab.

111.  The use of claim 104, wherein the second agent is selected from the group

consisiting of gefitinib, canertinib, lapatinib, erlotinib, afatinib, and neratinib.

112." The use of claim 105, wherein the second agent is selected from the group

consisiting of selumetinib, WX-554, trametinib, refametinib, E-6201 and MEK-162.

~113. An in vitro method of inhibiting the growth of a cell resistant to tyrosine kinase
inhibitors, comprising contacting the cell with a therdpeutically effective amount of the binding

molecule or antigen binding fragment of any one of claims 32-66.
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114.  Use of the binding molecule or antigen binding fragment of any one of claims 32-
66 in the manufacture of a medicament for treating resistance to tyrosine kinase inhibitors in a

subject.

115. The method of claim 113 or the use of claim 114, wherein the tyrosine kinase

inhibitors target EGFR or HER2.

116.  An in vitro method of inhibiting the growth of a cell resistant to threonine kinase
inhibitors, comprising contacting the cell with a therapeutically effective amount of the binding

molecule or antigen binding fragment of any one of claims 32-66.

117.  Use of the binding molecule or antigen binding fragment of any one of claims 32-
66 in the manufacture of a medicament for treating resistance to a threonine inhibitor in a

subject.

118. The method of claim 116 or the use of claim 117, wherein the threonine kinase

inhibitors target MEK.

119.  The bindihg molecule or antigen binding ‘fragment thereof according to any one of
claims 32-66, which can specifically bind to an HER3 polypeptide or fragment thereof with an
‘affinity characterized by a dissociation constant (Kp) of about 0.45 nM (+/- 0.05 nM) or better as
- measured "‘by a Biacore™ surface plasmon resonance assay wherein the binding molecule or

antigen binding fragment thereof is bound to the Biacore™ chip.

120.  The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can 'speciﬁcally bind to an HER3 polypeptide or fragment thereof with an
affinity charactefized by a dissociation constant (Kp) of about 0.1 nM or better as measured by a
Biacore™ surface plasmon resonance assay wherein the HER3 polypeptidé or fragment thereof

is bound to the Biacore™ chip.

121.  The binding molecule or antigen binding fragmeni thereof according to any one of
claims 32-66, which can specifically bind to an HER3 polypeptide or fragment thereof with an
affinity characterized by a Kon of between 1x10° M™' s™' and 6x10° M s'1 and/or a Kogof

between 0.5x107* 57" and 2.0x107™* s7' as measured by a Biacore™ surface plasmon resonance
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assay wherein the bindihg molecule or anﬁgen binding or fragment thereof is bound to the

Biacore™ chip

122. The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress HER3 phosphorylation in HRG-driven MCF-7
cells with an ICs of about 30 ng/mL or better as measured by ELISA.

123.  The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress HER3 phosphorylation in HRG-driven MCF-7
cells with an ICsy of about 10 ng/mL or better as measured by ELISA.

124, The biﬁding molecule or antigen biﬁding fragment thereof according to any one of -
claims 32-66, which can specifically suppress cell growth in MDAMB-175 cells with an ICso of
about 0.90 pg/mL or better.

125. The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress cell growth in MDAMB-175 cells with an ICs¢ of
about 0.15 ug/mL or better. ‘

126.  The binding molecule or antigen binding fragment thereof according to any one of
‘claims 32-66, which can specifically suppress cell growth in HMCB cells with an ICs, of about

-

0.2 ug/mL or better.

127.  The bihding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress cell growth in HMCB cells with an ICsy of about
0.03 pg/mL or better. -

128. The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppfess HER3 phosphorylation in HCC827 cells with an
ICs of about 20 ng/mL or better. |

129.  The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress HER3 phosphorylation in HCC827 cells with an
ICs of about 2 ng/mL or better.
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130.  The binding molecule or antigen binding fragment thereof according to any one of
clcums 32-66, which can spemﬁcally suppress HER3 phosphorylation in HCC827 cells resistant

to tyrosine kinase inhibitor with an ICs0 of about 25 ng/mL or better.

131.  The binding molecule or 'antigen binding fragment thereof according to any one of
claims 32-66, which.can specifically suppress HER3 phosphorylation in HCC827 cells resistant

to tyrosine kinase inhibitor with an ICso of about 5 ng/mL or better.

132. The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress HER3 phosphorylation in MKN45 cells with an
ICsq of about 10 ng/mL or better.

133 The binding molecule or an tigen binding fra gmpnt thereof according fo any one of
claims 32-66, which can specifically suppress HER3 phosphorylatmn in MKN45 cells with an
ICs0 of about 5 ng/mL or better.

134.  The binding molecule or antigen binding fragment thereof according to any one of
~ claims 32-66, which can specifically suppress pAKT in MKN45 cells with an ICsp of about 10

ng/mL or better.

135.  The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can speciﬁcaﬂy suppress pAKT in MKN45 cells with an ICsy of about &
ng/mL or better. |

136.  The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress pHER in Kato III cells with an ICs of about 8
ng/mL or better. o

137.  The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress pHER in Kato III cells with an ICsy of about 1
- ng/mL or better.

138.  The binding molecule or antigen binding fragment thereof accordmg to any one of
cla1ms 32-60, Wthh can specifically suppress pAKT in Kato IIT cells with an ICso of about 5
ng/mL or better. ‘
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139. The binding molecule or antigen binding fragment thereof according to any one of
claims 32-66, which can specifically suppress pAKT in Kato III cells with an ICso of about 1

ng/mL or better.

140.  An ex-vivo method of detecting the activity level of HER3 comprising detecting
the level of phosphorylated HER3 in a skin biopsy from a subject, wherein the skin is treated
with HRG prior to or after biopsy. '
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