(2004) Cancer Res. 64, 3395-3405; Schacter ef al. (2006) Neoplasia 8, 612-622).
Accordingly, therapies that effectively interfere with HER3 phosphorylation are desirable.

[0010] In addition, HER3 has been found to be overexpressed and/or overactivated in
several types of cancers such as breast cancer, ovarian cancer, prostate cancer, liver cancer,
kidney and urinary bladder cancers, pancreatic cancers, brain cancers, hematopoietic
neoplasms, retinoblastomas, melanomas, colorectal cancers, gastric cancers, head and neck
cancers, lung cancer, etc. (see, e.g., Sithanandam & Anderson {2008) Cancer Gene Ther. 13,
413-448). In general, HER3 is frequently activated in EGFR, HER2, C-Met, and FGFRI-
expressing cancers.

[0011] A correlation between the expression of HER2/HER3 and the progression
from a non-invasive to an invasive stage has been shown (Alimandi er al., Oncogene 10,
1813-1821; DeFazio et al., Cancer 87, 487-498; Naidu ef al., Br, J. Cancer 78, 1385-1390).
Thus, HER3 can be used as a diagnostic marker for increased tumor aggressiveness and poor
survival, Sustained HER3 activation of PI3K/AKT has been repetitively shown to account for
tumor resistance to EGFR/HER?2 inhibitors.

10012] Although the role of HER3 in the development and progression of cancer has
been explored (see, e.g., Horst et al. (2005) Int. J. Cancer 115, 519-527; Xue et al. (2006)
Cancer Res. 66, 1418-1426), HER3 remains largely unappreciated as a target for clinical
intervention. Most current immunotherapies primarily focus on inhibiting the action of HER2
and, in particular, heterodimerization of HER2/HER3 complexes (see, e.g., Sliwkowski et al.
(1994) J. Biol. Chem. 269, 14661-14665). Thus, it is an object of the present invention to
provide improved immunotherapeutic agents that effectively inhibit HER3-mediated cell
signaling that can be used for diagnosis, prognosis prediction, and treatment of a variety of

Cancers.

BRIEF SUMMARY OETHEINVENTION

[0013] In a first aspect, the present invention refers to an antibody or an antipen-

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  seguence: [FWTISGSLSNIGINYVS(SEQ 1D
NO: I FW2IRNNORPS(SEQ 1D NO2NFW3IAAWDDSPPGEA(SEQ 1D NO:23)[FW4],
wherein [FW1], [FW2], [FW3] and [FW4] represent VL framework regions. and wherein the
VH comprises the amino acid seguence: [FWSIYYYMO(SEQ D
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NO:3D[FW6IYIGSSGGVINYADSVKG(SEQ 1D NO:32) [FW7IVGLGDAFDISEQ ID
NO:33)[FWS&1, wherein [FWS5], [FW6], [FW7] and [FWS&] represent VH framework regions.

In another aspect, the present invention refers to a composition comprising the antibodyv of

the present invention, and a pharmaceutically acceptable carrier. In another aspect, the

present invention refers to a A nucleic acid comprising a sequence encoding the antibody or

apticen-binding fragment according o the present invention. In another aspect, the present

invention refers to a vector comprising a nucleic acid according to the present invention. In

another aspect, the present invention refers to an in vitro or ex vive host cell comprising a

nucleic_acid sequence according to the present invention. In another aspect, the present

invention refers to a method of making an antibody or antigen-binding fragment thereof,

comprising (a) culturing a cell comprising the nucieic acid of the present inventon; and (b)

isolatine the antibody or antiven-binding frasment thereof. In another aspect, the present

invention refers to the use of the antibody or antigen-binding fragment thereof of the present

invention in the manufacture of a medicament for inhibiting the proliferation of a cell

expressing HER3. In another aspect, the present invention refers to the use of the antibody or

antigen-binding fragment thereof of the present invention in the manufacture of a

medicament for reducing tumor volume of a HER3-expressing tumor in a subject. In another

aspect, the present invention refers to the use of the antibody or antigen-binding fragment

thereof of the present invention in the manufacture of a medicament for treating cancer in a

subiect. In another aspect. the present invention refers to the use of the antibody or antigen-

binding fragment thereof of the present invention in the manufacture of a medicament for

treating cancer in a subject. said treating comprising administration of the antibody or antigen

binding fragment to the subject with an additional therapy. In another aspect, the present

invention refers to a kit comprising the antibodv or antigen-binding fragment thereof of the

present invention. In another aspect. the present invention refers to a method of diagnosing a

HER3-expressing cancer in a patient, wherein the method comprises the steps oft (a}

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

of the present invention; (b) detecting binding of the antibody or antigen-binding fragment to

HERS3 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, In another aspect, the

present invention refers to a method of monitoring the HER3 protein level during treatinent

of a HER3-expressing cancer in a patient, wherein the method comprises the steps of: (a)

contacting a biclogical sample from the patient with an antibody or antigen-binding fragment

according to the present invention; (b) detecting binding of the antibody or antigen-binding
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fraoment 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. In

another aspect, the present invention refers to a method of monitoring HER3 protein activity

level during treatment of cancer in a patient being administered the antibody or antigen-

binding fragment of any one of claims 1-16, wherein the method comprises the steps of: (a)

contacting a hiological sample 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 phosphorviated HER3 to determine a HER3 protein activity

level in the biological sample from the patient: and () comparing the HER3 protein activity

level with a standard HER3 protein activity level. The disclosure provides anti-HER3 binding

molecules, e.g., antibodies or antigen-binding fragments thereof, e.g., monoclonal antibodies
capable of suppressing HER3 activity in both ligand-dependent and independent settings. In
confrast, other anti-HER3



monoclonal antibodies in the art (e.g., Ab #6 (International Patent Publication WO
2008/100624) and U1-59 (International Patent Publication WO 2007077028; also referred to
herein as AMG), can only suppress ligand-dependent HER3 activity. Also disclosed are
affinity matured anti-HER3-binding molecules with increased potency and extended half-life,
which consequently can be administered less frequently, at an increased inter-dose interval,
and in smaller dose volumes. The disclosure also provides methods of treating diseases such
as cancer in a human subject comprising administration of an anti-HER3 binding molecule.
In some specific aspeets-examples a 2C2-derived YTE mutant human antibody is used.

[0014] The disclosure provides an isolated binding molecule or antigen-binding
fragment thereof which specifically binds to an epitope within the extracellular domain of
HER3, wherein the binding molecule specifically binds to the same HER3 epitope as an
antibody or antigen-binding fragment therecof comprising the heavy chain variable region
(VH) and light chain variable region (VL) of CL16 or 2C2. Also provided is an isolated
binding molecule or antigen-binding fragment thereof which specifically binds to HER3, and
competitively inhibits HER3 binding by an antibody or antigen-binding fragment thereof
comprising the VH and VL of CL16 or 2C2.

[0015] The disclosure also provides an isolated binding molecule or antigen binding
fragment thereof which specifically binds to HER3 comprising an antibody VL, wherein the
VL comprises the amino acid sequence:

[FW,IX1GSX2SNIGLNY VS[FW,]RNNQRPS[FW3JAAWDDX ;X XsGEX s[FW4]
wherein [FW,], [FW;], [FW;] and [FW,] represent VL framework regions, and
wherein

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

(b) X2 represents amino acid residues Serine (S) or Leucine (L),

{(c) X3 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 (1), Proline (P)

or Serine (S), and

(f) X6 represents amino acid residues Valine (V) or Alanine (A).

[0616] Furthermore, the disclosure provides an isolated binding molecule or antigen
binding fragment thereof which specifically binds to HER3 comprising an antibody VH,
wherein the VH comprises the amino acid sequence:

[EWs]YYYMOQ[FW,|X;IGSSGGVTNYADSVKG[FW,]VGLGDAFDI[FWy]

_4



WHAT IS CLAIMED IS: /

L A monoclonal antibody or an antigen-binding fragment theyéof which

specifically binds to HER3, comprising an anhbody variable light chain 1egioﬂf (VL) and an

antibody variable heavy chain region (VH), wherein the VL comprises the amipo acid sequence:
. ‘ ﬂ‘j’ i
[FW1]SGSLSNIGLNYVS[FW2]RNNQRPS[FW3 }AAWDDSPPQEA[FW%

wherein [FW1], [FW2], [FW3] and [FW4] represent VL fran;@@ork_regions, and

. ;
: . . . ¢
wherein the VH comprises the amino acid sequence: y
/

[FWSTYYYMQIFW6]YIGSSGGVINY ADSVKGEM 7]VGLGDAFDI[FWS]
wherein [FWS5], [FW6], [FW7] and [FW8] represént VH framework regions.

2, The antibody or antigen-binding frg,g{nent of claim 1, wherein the VL compriscs
p .

an amino acid sequence at least 80% identical tgffhe amino acid sequence of SEQ ID NO: 3, and

wherein the VH comprises an amino acid 'ggquellce at least 80% identical to the amino acid

sequence of SEQ ID NO: 2. - f

3. The annbody or antlg:en bmdmg 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, amd

wherein the VH comprises an /zammo acid sequence at least 90% identical to the amino acid
sequence of SEQ ID NO: 2 f

4, The antib,f)dy or antigen-binding fragment of claim 1, wherein the VL comprlses
an amino acid sequence at least 95% ideritical fo the amino acid sequence of SEQ ID NO: 3, and
wherein the VH S,Ompnses an amino acid sequence at least 95% identical to the amino acid

sequence of SE IDNO: 2.

3. / The antibody or antigen-binding fragment thereof of claim 1, wherein FW1
compnyfs SEQ ID NO: 40 or 44, FW2 comprises SEQ ID NO: 41, FW3 comprises SEQ ID NO:
42, FAv4 comprises SEQ 1D NO 43, FWS5 comprises SEQ ID NO: 36, FW6 comprises SEQ iy

‘;I;f): 37, FW7 comprises SEQ ID NO: 38 and FW8 comprises SEQ 1D NO: 39,

427-




s’f
6. The antibddy or antigen-binding fragment thereof of claim 1, which comp‘?ises a
VL comprising SEQ ID NO: 3 and a2 VH comprising SEQ 1D NO: 2. ‘ f/’x
‘ 4

: / ,
7. The antibody or antigen-binding fragment thereof of claim 1, \:}}dﬁ COIMPrises a

heavy chain constant region. ¢
#

8. The antibody or antigen-binding fragment thereof of clai% wherein the heavy

&

chain constant region is a human IgG constant region. ff '
9, The antibody or antigen-binding fragment thereof gfi claim 8, wherein the human
. ., §
I¢gG constant region is an IgG1 constant region. f"y

'10.  The antibody or antigen-binding fragment i éreof of claim 1, which comprises a
light chain constant region selected from the group consisting of 2 human kappa constant region
yd

and a human lambda constant region. ;

£
I1.  The antibody or antigen- binding ﬁ“égment thereof of claim 9, which comprises-a

light chain constant region selected from the gToup conmstmg of a human kappa constant region

i

and a human lambda constant region.
A

12. The antibody or anugel;r-‘i)indmg fragment thereof of claim 11, which compriseq a

. Hee
human iambda consiani region £

-

13, The antibody og;éntigembinding fragment of claim 8,

A
&
.&‘

(i} wherein the human 1gG constant region comprises amino acid substitutions reiatwe to
a wild-type human IgGafconstant domam at positions 252, 254, and 256, wherein the numbering
is according to the EE’J' index as set forth m Kabat and wherein

(8) f;h’fé amino acid at position 252 is substituted_- with Tyrosine (Y},

oF
&

(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).
Y,
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14, The antibody or antigen-binding Tragment of claim 1, wherein the antibgdy is a
human antibody, a humanized antibedy, a chimeric antibody, a recombinant f;ﬂii'ibo{iyT a
multispecific antibody, or an antigen-binding fragment thereoi"‘ wherein the apﬁwen;bindmﬁ

fragment is an Fv, Fab, F(ab"2, Fab', dsFv, scPv, or se(Fv)2; or wherein thg antﬂ}kfody or antigen-

bmdmCF fragnrent thereof is wnjuwatud 1o at least one heteralogous agent, /’f

i

Y - - - B . ~ . ﬂ - .
15, An antibody or an amtigen-binding frasment thereof, wh}fh specifically binds 1o

HER3, usmpnsnw an antibody VL and an antibody VH, wherein ih/@* VL comprises the amino

acid ecqa:ence : ) rd

/

£
[FW1]X,GSXaSNIGLNY VS{FW2]RNNQRPS[FW3 ] AA WDDX s XX sGE X[ FW4]

wherein [FW1], [FW2], [FW3] and | FWZ}] repfesent VL. framework regions, - and

wherein o #

(a) X; represents amino acid residues Argindne (R) or Serine (S),
B f’
_ : 4
{b) X, represents amino acid residues $erine {8} or Leucine (L),

A
&
P

{¢) X; represents amino acid residyés Serine (S} or Glyeine (G),
. (:_)" :
A

{d) X4 represents amino acid pésidues Leucine (L) or Proline (P),
. : . F R -
G’ﬁiv

(e} Xs represents amino gcid residues Arginine (R), Isoleucine (1), Proline (P) or Serine
o .

(8%, and

#
A

{f) X4 represents gﬁ}éﬂo acid residues Valine (V) or Alanine (A), and

£

wherein the :}J”Ii comprises the amino acid sequence:
/
[FW5 ]ﬁf__‘fYMQ{FWé}XﬂG SSGGVTNYAD SVRGFWTIVGLGDAFDIFWE]
f"gﬁ :
whg,r?‘:in [FW3], [FW6] [FWT] and [FWE&] represent VH framework regions, and wherein
Xg z'cpl;e/st‘é{nts amino acid residues Tyrosine (Y), Isoleccine (1) or Valine V.
; , .

416, The dmrbody ar antigen-binding hag,mum of claim 15, wherein the VL comprises

t

‘Com ﬂemeniant determining 1e<non (CDR) 1 comprising an amino acid sequence selected
I i

,/
s
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from the group consisi;ing of SEQ ID NOS: 18, 19, and 20, a CDRZ comprising an am}i"io acid
sequence selected from the group consisting of SEQ ID NO: 21, a CDR3 compnsmg” an amino
acid sequence selected from the group consisting of SEQ 1D NOS: 22, 23,24, 25, Zéf 27,28, 29,

and 30, and : f.f _

wherein the VH comprises a CDR1 comprising the aming acid sequé;f}oe of SEQ 1D NO:
3} a CDR2 comprising an amino acid sequence selected from the gzou,p conmstmg of SEQ ID

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

17. -~ A composition comprising the antibody or antiggﬁ—binding fragment thereof of

&

claim I, and a pharmaceutically acceptable carrier. . .. £

/

18, A nucleic acid comprising a sequence engéding the antibedy or antigen-binding
. _j%:/ .
fragment according to claim 1. : v

19. A vector comprising a nucleic acidégf‘écording to claim 18.
- 20. A host cell comprising a nucle}}é;’acid sequence according to claim 18.

21. A method of making an aﬁt’ﬁaody or antirgembin-ding fragment thereof, comprisi'ng

(a) culturing the cell of clmm 20 and‘r (b) isolating the antibody or antigen-binding fragment

/
thereof. . o/

-
&
n

J’

22, Aninvitro metht)d of inhibiting the proliferation of a cell expressing HER3 said

method comprising comaotmg the cell wnh the antibody or antigen-binding fragment of claim 1.

23, Use of an antlbody or anugembmdmg fragment ‘thereof of claim 1 in the

manufacture of a me@ﬁcamem for treatmg cancer in a subject.

/
A

24, The use of claim 23, wherein the cancer is selected from the group consisting of
. 7
& . N
colon cancer,dung cancer, gastric cancer, breast cancer, head and neck cancer, and melanoma.
f’f ' :
28 The use of claim 24, wherein the cancer comprises cells comprising a KRAS
& . . . '

mutatjén.
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26. Use of a first agent which is the antibody or antigen-binding fracment thgieof of
claim t, in combination with a therapeuticaily effective amount of a second agent, \}hich 1S an

anti-cancer agent.other than the first agent in the manufacture of a medicameny fO} treating

cancer in a subject. : / ‘

A
27. A kit comprising the antibedy or antigen-binding fragment tl‘ﬁfféof of claim 1,
v ' ’jr
28.  An in vitro method of diagnosing a HER3-expressing c;pibé}' in a patient, wherein

&

the method comprises the steps oft £

(a) contacting a biological sample from the patient witl;ﬁhe antibody or antigen-binding
B e ) zp‘
- fragment of claim 1; - 7 , B o j

(b) detecting binding of the antibody or ﬂntig?ﬂ;,}ﬁﬁldil’!g ﬁ*agmem to HER3 1o determine

a HER3 protein [evel in the biological sample from %hﬁ’ff)atient; and
(¢} comparing the HER3 protein level wi}}i{a standard HER3 protein level.

29, A method of monitoring the HERS pmtem level du} Ing treatment of a HERB—

expressing cancer in a patient, wherein th@ method comprises the steps oft

é‘jg

(a) contacting a biolegical sample obtalned from 1he patient who was administered the

-

: antibody or antigen-binding fr agment of claim I

(b) detecting bmdmg of the antibody or antlgen-bmdmg fragment to HER3 to determine

a HER3 protein level in the biologlcal sample from the patient; and

,!"

{c) compéring;ﬁﬁe HER3 protein level with a standard HER3 protein level.

i

30. The n}éthod of claim 23, wherein the cancer is characterized as expressing heregulin.

ﬁ&n in vitro method of monitoring HER3 protein actwuy level during treatment of
cancer in /5 patient being administered the antibody or antigen-binding ﬁagmem of claim 1,

wheremf’the method comprises the steps of:
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p.";
fﬁ
{a} contacting a biological sample obtained from the patient with an antibody or iﬁft} gen-
binding fragment that specifically binds to phosphorylated HER3; f;fﬁ

(b) detecting binding of the antibody or antigen-binding fragment to ,‘ﬁosphorylatcd

HERS3 to determine 2 HER3 protemn activity level in the biological sample fromghe patient; and

‘ £ ,
{c) comparing the HER3 protein activity level with a standard}ﬂERi protein activity

level. . ' Jf‘f

32. An isolated binding molecule or an antigen—bin% fragment thereof, which

specifically binds to an epitope within the extracellular domai}z ‘of HER3, wherein the binding

‘molecule specifically: binds to the same HER?épitépe :
fragment thereof comprising the heavy chan variable

_gion (VH} and light chain variable
region (VL) of CL16 or 2C2. : '

33. An isolated binding molecule or an‘ antlgen -binding fragment thereof, whlch
spec;hca]ly hinds to HER3, and compeutlveiy mhlbits HER3 bmdmg by an antibody or antlgen—
binding fragment thereof compxlsmo the VH and VL of CLL16 or 2C2,

,4,

34. The isolated binding moiecuel’E or antigen-binding fragment of claim 1 or claim 2,
‘wherein the VH and VL of CL16 comprlse SEQ 1D NOs: 2 and 1 , respectively, and the VH and

. VL of2C2 comprise SEQ ID NOS, 2 and 3, respectively. -
j

35. An isolated bmdrhg molecule or an antigen-binding fragment thereof, which
specifically binds to HER@ comprising an antibody VL., wherein the VL comprises a VL
cemplementanty deter n),m:ng region-1 (VL-CDR1) amino acid seqnencc 1dent1cai to, or identical
except for four, thleg:,gfiwo or one amino acid subsutuuons to: SEQ ID NO: 18, SEQ ID'NO: 19,

or SEQ ID NO: 2(}
!

36. Al}ffisoiated binding molecule or an antigen-binding fragment thereof, which

speciﬁcal].y/binds to HER3 comprising an antibody VL, wherein the VL comprises a VL.

con‘1pl¢;men‘sarity determining region-2 (VL-CDR2) amino acid sequence identical to, or identical

cxccap’t for four, three, two or one amino acid substitutions 0. SEQ ID NO: 21.

/
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37. An isolated 'binding molecule or an antigen-binding fragment thereof, f“‘:w11.ich
specifically binds. to HER3 comprising an antibody VL, wh.erein the VL ccﬁuﬁﬁarises a
complementarity determining region-3 (VL-CDR3) amino acid sequence identical tg‘for identical
"‘Q‘ID NO: 23,
'NO: 28, SEQ ID

except for four, three, two, or one amino acid substitutions to: SEQ ID NO: 22,
SEQ ID NO: 24, SEQ ID NO:'ZS, SEQ 1D NO: 26, SEQ ID NO: 27, SEQ I
NO: 29, or SEQ 1D NO: 30. '

/

#

38. An isolated bmdmg melecule or an antigen- bmdmg{}}frag,ment thereof, which
specifically binds to HER3 comprising an antibody VH, whécm the VH comprises a
complementarity determining region-1 (VH-CDR1) amino a‘&d sequence identical to, or

?

. ‘1denuca} except for four, three, two, or one amino acid substifdtions to SEQ ID NO: _31.

39, An 1sotated binding molecule or an antufcf:l binding fragment thereof which
specifically. binds to HER3 comprising an antlboﬂy VH, wherein the VH comprises a
complementarity - determining region-2 (VH-CI%RQ) amino acid sequence identical to, or
identical except for four, three, two, or one &1}'1%5;6 acid substitutions to: SEQ ID NO: 32, SEQ 1D
NO: 33, or SEQ ID NO: 34, ! o

7
&

40. An isolated binding m(ﬁﬁ’éﬁ]e an antigen-binding fragment thereof, which
speczﬁcaiiy binds to HER3 compﬁsmg an " antibody VH, wherein the VH compuses a
- complementarity determuung 1egion—3 (VH-CDR3) amino acid sequence 1dentical to or

identical except for four, t‘nree, '};WO, or one amino acid substitutions to SEQ ID NO: 35,

41. An isolated biﬁ%ing molecule or an antigen-binding fragment thereof, which
specifically binds to HI;R.% comprising an antibody VL, Wherem the VL comprlses VL~ CDRI
VL-CDR2, and VL}}DRI& amino acid sequences identical to, or identical except for four, three,
two, or one arnmo;amci 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, 21, and 27 , SEQ 1D NOs: 20, 21, and
22, SEQ ID}\OS 19, 21, and 22, SEQ ID NOs: 18, 21, and 25, SEQ ID NOs: 18, 21, and 28,
SEQ ID }}65 18, 21, and 29, SEQ ID NOs: 18, 21, and 30, SEQ D NOs: 18, 21, and 23, SEQ
D N719 21, and 23, SEQ ID NOs: 20, 21, and 23, SEQ ID NOs: 18 21, and 24, or SEQ ID
NOGgf 18, 21, and 23, respectively.

v -
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42. An 1solated binding molecule or an antlgen—blndmg fragment ihc}eof S which

specifically binds to HER3 comprising an antibody VH, wherein the VH comprises )v'i{ CDR1,
VH-CDR2, and VH-CDR3 amino acid sequences identical to, or identical except i_:@'{four, three,
‘ ' . I
two, or one amino acid substifutions in one or more of the VH-CDRS to: SE&%{D NOs: 31, 32
1

and 35, SEQ 1D NOs: 31, 33, and 35, or SEQ ID NOs: 31, 34, and 35, respectively.

43. An isolated binding molecule or an antigen-binding frafg,mcnt thereof, which
specifically bmds to HER3 comprising a VL and a VH comprising yL CDRI VL- CR_D?_ VIL-
CDR3, VH-CDR1, VH-CDR2, and VH-CDR3 amino acid qe(}}iences identicai or identical
except for four three, two, or one amino acid substitutions 111‘/9{;6 or more CDRs to: SEQ ID
. NOs: 18 21,22, 31, 32, and 35, SEQ ID NOs: 18;'21, 26, 3¥, 32 and 35, SEQ ID NOs: 18 21,
27, 31, 32 and 35, SEQ 1D NOs: 20, 21, 22, 31, 32 and 3’};/SEQ ID NOs: 19, 21, 22, 31, 32 and
35, SEQ ID NOs: 18, 21, 25, 31, 32 and 35, SEQ D NOS 18, 21, 28, 31, 32 and 35 SEQ 1D
NOs: 18, 21, 29. 31, 32 and 35, SEQ ID NOs: 18, 21 30, 31, 32 and 35, SEQ 1D NOs: 18, 21,
23, 31, 32 and 35 SEQ ID NOs: 19 21,23, 31, 3@ and 35, SEQ ID NOs: 20, 21, 23, 31, 32 and
35, SEQ 1D NOs: 18, 21, 24 31 32 and 35 or SEQ ID NOs: 18, 21, 25, 31, 32 and 35,

respectweiy o
&
fﬁ

44, An isolaled binding moIc,cuIe or an antigen-binding fragment thereof, which
épccaﬁcaﬂy binds to HER3 compnsmg an cmubody VL and an antibody VH, wherein the VL
compuses ‘an amino dcid sequenge at least about 90% to about 100% identical to a refelencc
amino acid sequence selected ﬁ“om the group consisting of SEQ ID NO: 1, SEQ ID NO 3, SEQ
ID NO: 4, SEQ 1D NO: 3, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NQfg”:ifl, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID
NO: 17. ' S

i
/
£

45. Axi isplated binding molecule or an antigen-binding fragment thereof, which

A
specifically biyﬁs to HER3 comprising an antibody VL and an antibody VH, wherein the VH

comprises 91:{ amino acid sequence at least about 90% to about 100% identical to a reference

amino acil sequence selected from the group consmtmg of SEQ ID NO: 2, SEQ ID NO: 12 and

SEQ IP NO: 13.
f’

p
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46. An isolated bmdmg moiecule or an antigen- b;ndmg fragment thexeof,f which
specifically binds to HER3, wherein the antibody or antigen binding fr. agment comfpﬁses a VL
comprising a sequence at least about 90% to about 100% identical to a refereng,é aming. acid
sequence selected from the group consisting of SEQ [D NO: 1, SEQ 1D NO: 5/SEQ 1D NO: 4,
SEQ ID NOC: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ D1 \Joﬁf SEQ ID NO: 10,
SEQ ID NO: 11, SEQ 1D NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, an SEQ ID NO: 17, and -
wherein the antibody or antigen binding fragment comprises a VH conyﬂsing a sequence at least
about 90% to about 100% identical to a reference amino acid seqz;gﬂ[ce selected from the group
consisti.ﬁg of SEQ ID NO: 2, SEQ ID NQO: 12 and SEQ ID NO: 1%:5 ’

y.
. T /
© 47. The isolated binding molecule or antigen—bindi.gﬁ fragment thereof of any one of

claims 32-46, which comprises a heavy chain constant regién or fragment thereof.
- l jﬁéﬁv -
48. The isolated binding molecule or antiggﬂ-binding fragment thereof of claim 47,

&
£
.'“

,:¢
wherein the heavy chain constant region or fragment thereof is an 1gG constant region.

. 49, The isolated bmdmu molecule orﬁanugen—bzndmg fragment thereof of claim 48,
Whelem the IgG constant region is qelectﬁd from an [gG1 constant region, an IgG2 constant

region, an Ig(33 constant region and an IgG4 constant region.

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

~ wherein the lgG constant regmn 1;3 an T¢G1 constant region,

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

the gioup consisting of 4 human kappa constant region and a human lambda constant 1801011
A

s
J’

52. The 1sqlated binding molecule or anllgen binding fragment of any one of claims 48-

50, wherein th@ ﬁgG constant-domain comprises one or more amino amd substitutions relative to

a wild- type}gG constant domain wherein the modified IgG has an increased half- life compared

to the hal}fhfe of an IgG having the wild-type 1gG constant domam

/,,«f'f53. The 1solaf;ed ’omémg molecuic or antigen binding fragment of claim 49, wherein the

? - - - - .v .
Igﬁ constant domain comprises one or more amino acid substitutions of amino acid residues at
> ‘

435




_.;f
_f;
f;.
f

positions 251-257, 285-290, 308-314, 385-389, and 428-436, wherein the numbgfing is
: £
according to the EUJ index as set forth in Kabat. ff

| y

&

34, The isolated binding molecule or antigen binding fragment of cla;nZ/SS, wherein at

least one IgG constant domain amino acid substitution is selected from the growp consisting of:

(a) substitution of the amino acid at position 252 with Tyrosine (}G)fPhenyla}anmc (F),
Tryptophan (W), or Threonine (T,

{b) subsmutlon of the amino acad at position 254 with Threon%;;a{ (T)

(c) substitution of the amino acid at position 256 w;ﬂﬁ[ Serine (S), Arginine (R),
Glutamine (Q), Glutamic acid (E), Aspartic acid (D), iﬁ’r Threonine (T),

- . T ﬁf’
(d) substitution of the amino acid at position 257 with/Leucine (L),
{e) substitution of the amino acid at position 309 3 1th Proline (P),
{f) substitution of the amino acid at position 31-“'{ with Serine (S),

{g) substitution of the amino acid at posmon 428 with Threomne (T, Leucine (L}
Phenylalanine (F}, or Serine (8), _g‘
/fz

| (h) substitution of the amino acid/at position 433 with Arginine (R) Serine (S),
Isolencine (1), Proline (P), or G}utamme {Q),

(1) substitution of the amino agid at position 434 with Tryptophan (W), Methionine (M)
Serine {8), Histidine (H) Phenylaiamne (F), or Tyrosine, and

(1) a combination of twe QT more of said substitutions,

}

wherein the num‘bermgqs aceording to the EU index as set forth in Kabat.

55. The 1soiated bmdmg molecu?e or antigen binding ﬁ*agmenl of claim 54, Wherem the
human 1eG consta?r domam comprises amino acid substitutions relative to a wild- -type human
IgG constant dongﬁm at positions 252, 254, and 256, wherein

(a) the afqgj{id acid at position 252 is substituted with Tyrosine (Y),
(h) th?aélino acid at position 254 is substituted with Threonine (T), and
(cyﬂe amino acid at position 256 is substituted with Glutamic acid I(E),

;cf;herein the numbering is according to the EU index as set forth in Kabat,




56. The isolated binding molecule or antigen binding fragment of claim 55, \xﬁlerem the
amino acid at position 434 is.substituted with an amine acid selected ﬁom the g g,wﬁp consisting
of Tryptophan (W), Methionine (M)}, Tyrosmc (Y), and Serine (S), and wherein f’ﬁe numbering is
/

according 10 the BV index as set forth in Kabat, o /

/

57. The 1s01a1.ed binding molecule or antigen bmdmG fragment })f claim 56, wherein the
amino acid at position 428 is substituted with an amino acid selectegifﬁfl om the group consisting
of Threonine (T), Leucine (L), Phenylalanine (F), and Serine (S) éd wherein the numbering is

according to the EU index as set forth in Kabat. ‘ A

58, The isolated binding molecile or anitigen bindigy fragment of claim 56, wherein 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: numbenng is according to the EU index as

i
J

59. The isolated binding molecule or g’m}gfm bmdmg fragment of claim 57, wherein the

set forth in Kabat. »’7

amino acid at Kabat position 428 is subsix#:uted with Leucine (L), and the amino acid at Kabat

position 434 is substituted with Serine (§f).
I

¥
4

60, An 1soiated bmdmg 1}mlecule or an ant1gen—bmdmg fragment thereof, whigh

specifically binds to an epitope Vﬁthm the extracellular domain of HER3, comprising an antibody
VL of SEQ ID NO:3, an antﬂ;;,ody VH of SEQ ID NO: 2, and an IgG1 constant region of SEQ ID
46. 4

&
&

F

61. An i‘solatg;dw binding molecule or an antigen-binding fragment thereof, which

speciﬁcaﬂy binds %’g 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 fgGi constant region

of SEQ D 46é
s

62*‘:/Th8 binding molecule or antigen-binding fragment of any one of claims 32-61,
th:rqjaﬁ the antibody is ‘2 human antibody, a humanized antibody, a chimeric antibody, a

recgimbinant antibody, a multispecific antibody, or an antigen-binding fragment thereof.
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. : y
63. The antigen-binding fragment of any one of claims 32-62, which is Fv, Fab?ﬁ(ab')z, _

Fab', dsFv, scFv, and sc(Fv)2. f/*
64. The binding molecule or fragment thereof of any one of claims ;;“5563, which is

comjugated to at least one heterologous-agent.

65. The binding molecule or fragment thereof of any one of claimhs 32-64, wherein the
binding molecule is an antibody. ‘ ﬁf '
66. The binding molecule or fragment thereof of claim 9’5, wherein the antibody is a

monoclonal antibody. £

&

67, A cémpositi@n comprising the binding molec?;/é/or fragment thereof of any one of

claims 32-66, and a carrier. #
A J{{’-

68, A nucleic acid comprising a sequence V;eﬁcoding the binding molecule according to

any one of claims 32-63, 65, and 66. - - jf

&
&
69. A composition comprising a nucléic acid according to claim 68.

. &

70, A vector comprising a nuclejd acid according to claim 68.
EJ . -
& :

71. A host cell 00111prisip§ a mucleic acid sequence according to claim 68, the

composition according to claim §9, or the vector according to claim 70.
. rd ‘

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

culturing the celf of clai;}i-’f{?’l; and (b) isolating the antibody or antigen-binding fragment thereof.

i
i

73. The complosition of ¢laim 69, further comprising an anticancer agent.

f

74, A c}}z’i’fgnostic reagent comprising the binding molecule or fragment of any one of

claims 32-66/vhich is labeled,
S
’,f

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

ccjpffsilion of claim 67 or 73.

/

f
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76. The binding molecule or antigen'binding fragment of any one of claims 32n6"6(f:vhich _

does not induce antibody dependent cell mediated cytotoxicity {ADCC). f

77. The binding molecule or antigen binding fragment of claim 76, whicl;/é’bcs not ii‘lduce
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 P’éf of ¢laims 32-66, which

j,
is an antagonist of HER3. f’

79. The binding molecule or antigen binding fragment gg”g;aim 78, which is an antagonist

»of HER3 in cells seiéeted from the group cOnsist{ﬁé of -BT;A’A’;?Ae cells, SKBR3 cells, MDA-MB-
175 cells, MDA-MB-361 cells, A549 céﬂs, HARA-B celkg{ﬂMCB cells, HCCB27 cells, MCE-7
cells, MKN4S cells, Kato I1I cells, geﬁtinib—resistalﬁ };IéCSQ’? cells, or a combination of two or

more of the recited cells. j

£
&

80. The binding molecule or a‘nti.gen Qﬁding fragment of claim 78 or 79, wherein the
HER3 is human HER3. : ,

K
o
A

81. The binding molecule or %ﬁ{igen binding fragment of aﬁy one of claims 32-66,

‘wherein the binding of the binding 1ﬁglecui.e or antigen bi'nding fragment to HER3 can reduce
/ g I 24 _

 cell proliferation, ' ,f
-
82. The binding molle)_gfﬂe or antigen binding fragment of claim 81, wherein the binding
of the binding molecule gyfilltigen binding frégment to HER3 can reduce cell proliferation in
BT-474 cells, MDA—M§{F17S cells, MDA-MB-361 cells, HMCB cells, or a combination of two
or more of the relcite?»’*ééils. B '
S ,
83. The binding molecule or antigen binding fragment of any one of claims 32-66,
wherein the ?i’ffding of the binding molecule or antigen binding fragment to HER3 can reduce |

HER3 wmfjgﬁgted signal transduction.

féﬁi. The binding molecule or antigen ‘oinding fragment of claim 83, wherein the bihding

of the binding molecule or antigen binding fragment to HER3 can reduce HER3-mediated signal

pfansdu.ctién in cells selected from the group consisting of BT-474 cells, SkBR3 celis, MDA-
A . , . : ‘
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MB-175 cells, MDA—MB-361 cells, A549 cells, HARA-B cells, HMCB celis, HCCS_ 7 cells,
MCE-7 cells, MKN45 cells, Kato 111 cells, gefitinib-resistant HCC827 cells, or a con;}ﬁination of

B &
two or more of the recited cell_s. . : E,,.f;

85. The binding molecule or antigen binding fragment of any one/gf/ claims 32-66,

wherein the bindinig of the binding molecule or antigen binding fragment Ao HER3 can reduce

ligand-dependent HER3 phosphorylation. ’ ‘ f

&

86. The binding molecule or antigen binding fragment of ¢ a“fm 85, wherein the binding
of the binding molecule or antigen binding fragment to HER} can reduce ligand-dependent
HER3 phosphorylation in MCF-7 cells, HMCB cells, HCC&’Z?’ cells, MKN45 cells, Kate HI

ﬁ“‘
cells, ora combmatloa of two or more of the recited celis /

87. The binding moelecule or antigen binding: ffggment of claim 85 or 86, wherein the
£
1igand~depende:nt HER3 phosphorylation 1s HRg-driven, EGFR-driven, ¢MET-driven, or

FGFR2-driven, or a combination thereof“ i

. /{;Vﬁ.
88. The binding molecule or antlgeﬁ binding fragment of any one of clalms 32-86,
wherein the bmdmo of the binding moie;iuie or antigen binding fragment to FIER3 can reduce

ligand- depcndent phospho;ylatlon of Aki protein kinase. .

R«f“
‘J’

89. The binding moiecule @r antigen binding fragment of claim 88, wherein the binding |

of the binding molecule or anﬂgen binding fragment to HER3 can reduce ligand-dependent
phosphorylation of Akt plot@‘m kinase in A549 cells, HMCB cells, MKN45 cells, Kato 111 cells,

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

90, The bmdm”g molecule or antigen binding fragment of claim 88 or 89, wherein the

iigand—dependent Aict phosphorylation is cMET—dx‘iven, FGFR2-driven, or both.

91, The bmdmg moiecule or antigen binding fragment of any one of claims 32-66,

wherein tk}e/bmdmg of thc binding molecule or antigen bmdmg fragment to HER3 can reduce
ligand-i /&dependent AKT or HER3 phosphoryiaﬁon

4
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92. The binding molecule or amigcﬁ binding fragment of ol faim 91, wherein &eﬁinéing _
of the binding molecule or antigen binding fragment to HER3 can reduce ligand- 19ﬁependem

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

£

/f

93. The binding molecule or antigen binding fragment of any onejgf claims 32-66,
wherein the binding of the binding molecule or antigen binding fragment/fg) HER3 can reduce

HER3 phosphorylation in cells resistant to Tyrosine Kinase Inhibitors (T}(I) targelmg EGFR
g
94. The binding molecule or antigen binding fragment of cla"im 93, wherein the binding
of the binding molecule or antigen binding fragment to HER3 cam reduce HER3 phosphorylation

m cells resistant to. tyiosme kinase inhibitors (TKD)- targlgfmg EGFR in geftinib-resistant

o : £
HCCE27 cells. _ : /
| S

95. The binding molecule or antigen bindin%g%'agmént of any one of claims 32-606,

wherein the binding molecule or antigen bindgﬁé fragment can bind to human HER3,

&
&

cynomolgus monkey HERB, and mouse HER3. ’f‘..f'
96. An in vitro method of mhibitmg, fthe growth of a cell expressing HER3 compnsmg
contacting the cell with the binding molecﬂle or antigen binding fragment.

97. Use of a binding n‘lole.cul__;_a;or antigen binding'fr'agment thereof of any one of claims

-

32-66 in the manufaciure of a'rned;ré'ament 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.

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

&

mutation. ;

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

12ofa hun;a”ﬂ KRAS gene.
£

f;r’bl. The use of any one of claims 97-100, wherein the subject is human.
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‘matuzumab or nimotuzumab.

102.  Use of a first agent which is the binding molecule or antigen bmdmﬂ ﬁ:égmem
thereof of clatms 32-66, in combination with a therapeutically cffechvc amount ojf a second
agent, which is an anti-cancer agent other than the first agent in the mai;}:faciure of a

medicament for ireating cancer in a subject . a/
. ﬁ[‘
103, The use of claim 102, wherein the combination of the first ﬁgent and the second

7
agent is synergistically effective. ’ &

.
f“
104 The use of clalm 102 or 103, wherein the second fgent 15 a EGFR inhibitor, a
HER2 inhibitor, or a HER3 inhibitor. ‘

;3
A
i

Ff .

- . Lot . g’!}
105, The use of claim 102 or 103, wherein the secghd agent is a MEK inhibitor.

106." The use of any one of claims 104; vg}f‘ié:rein- the second agent comprises an

antibody or anfigen binding fragment thereof. £
- ‘J;r’

107.  The use of claim 104, wherein t}z’é second agent specifically binds to epidermal

growth factor receptor (EGFR). £

,F‘[
'108. The use of claim 104, {?}gﬁérein the sécond agent Is' cetuximab, panitumum‘ab,
. ;!j{;‘
109. " The use of claim 104, wherein the second agent specifically binds to HER2,
S ,

.
7

116. The use of Q}é”ﬂhn 104, wheremn the second agent is trastuzumab, frastuzumab

emtansine, MM-111 or 'pq;:fﬁzumab.

i
7

i11.  The u§é of claim 104, wherein the second agent is selected from the group
consisiting of geﬁ:‘,}fﬁb, canertinib, .lapa%inib, eriotinib, afatinib, and neratinib.
.,’f o - |
[12. Lﬁ;’f:he use of claim 105, wherein the second agent is selected from the group
consisitingf ﬁ? selumetinib, WX-554, trametinib, refametinib, E-6201 and MEK-162.
f .
ﬁgl 3. Anin vitro method of inhibiting the growth of a cell resistant to tyrosine kinase
i1§1/i)ﬁ{tors, comprising contacting the cell with a theraﬁeu.tic‘all’y effective amount of the binding

nfolecule or antigen binding fragment of any one of claims 32-66.
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114. Useof the-binding molecule or antigen binding fragment of any one of clgi"has 32-

66 in the manufacture of a medicament for treating resistance to tyrosine kinase i11¥}%§t0rs ina

subject. ‘ : ‘ _ ‘ f;‘f
S /

115, The method of claim 113 or the use of claim 114, wherein }l(él tyrosine kinase

inhibitors target EGFR or HER2. ' / |

/

116.  An in vitro method of inhibiting the growth of a cell regfstant to threonine kinase
mhibitors, comprising contacting the cell with a therapeutically efj;‘?étivc amiount of the binding

molecule or antigen binding fragment of any one of claims 32~66f
_ L
117, Use of the binding molecule of antigen ’oﬁ?g fragment of any one of claims 32-

66 in the manufacture of a medicamen't for treating registance to a threonine inhibitor in a

s
subject. /

118. The method of claim 116 or the uﬁé of claim 117, wherein the threonine kinase
inhibitors target MEK. I '

119,  The binding molecule or ant;iféen binding ‘fragment thereof according to any one of
claims 32-66, which can specifically blnd to an HER3 polypeptide or ﬁagment thereof with an
‘affinity characterized by a dlsqomanoﬂ constant (Kp) of about 0.45 nM (+/- 0.05 nM) or better as
- measured by a Biacore™ Surf‘acs plasmon resonance assay wherein the binding molecule or |

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

120, The bmdmg molecule or antigen bmdmg fragment thereof according to any one of
claims 32-66, which can spemﬁcaily bind to an HER3 polypeptide or fragment thereof with an
affinity character;zec}fby a dissociation constant (KD) of about 0.1 nM or better as measired by a
Biacore™ surfacefp asmon resonance assay wherein the HER3 polypeptide or fragment thereof

is bound to thc Blacorem chip.

12 1/ The binding molecule or antigen binding fragment thereof according to any one of

clamms ;5 66, which can specifically bind to an HER3 polypeptide or frawment thereof with an

affinj fif characterized by a Kon of between 1x10° M™' s™ and 6x10° M} s71 and/or a Koyof
b}(é)een 0.5%107 57" and 2.02107% s7* as measured by a Biacore™ surface plasmon resonance
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assay wherein the bindiﬁg molecule or aﬁtigen binding or fragment thereof is boun(ﬁm the

p;
Biacore™ chip . : f;f
. *,f _
122, The binding molecule or antigen binding {ragment thereof acccrdmg to any one of

claims 32-66, which can specifically suppress HER3 phosphorylation in Hl}G/ driven MCF-7
{o"
cells with an ICsp of gbout 30 ng/mL. or better as measured by ELISA. f’f
/
123.  The binding molecuie or antigen binding fragment ihmeo{ according to any one of

claims 32-66, which can &-pecmcaﬂy suppress HER3 phmpnmylag,ion in HRG-driven MCF-7
cells with an I1Csg of about 10 ng/mL or better as measured by EL;@A.

;z
&

£
124, The bmchn0 molecule or antigen bmdmfr fragrdent ther eof according to any one of -

claims 32- 66 which can specifically suppress cell growthﬁﬁ MDAMB- 175 cells with an ICsp of
about 0.90 pg/ml. or better. s

P
el

125.  The binding molecule or anUgen bn:admg, fragment thereof according to any one of
c]alms 32-66, which can specifically SpriCSS céll growth in MDAMB 175 cei]s with an ICsp of
about 0.15 pg/mL or better. ' '

o
&
A
Vi

126. The binding molecule or antlgen binding fragmept thereof according to any one of

‘claims 32-66, which can spec1ﬁcal}y” suppre&;s cell growth in HMCB cells with an ICsg of aboul _

0.2 ;Lg/mL or better. f

127.  The binding rgéﬁiccule or antigen binding fragment thereof according to any one of
claims 32-66, which can §ﬁ%ciﬁcally suppress cell growth in HMCB cells with an ICs; of about

0.03 png/mL or better. )

: s

128, The/bmdmg molecule or antigen bmdmg fragmeni thereof au:(ndmg to any one of

claims 32- 60, w«hwh can specifically sappress HER3 phosg)horylauon in HCC827 cells with an
1Cs; of about;20 ng/mL or better.

£ . .
Lf2/9. The binding molecule or antigen binding fragment thereof according to any one of

/ ‘ ‘
Ci&ii};ﬁ’ 32-66, which can specifically suppress HER3 phosphorylation in HCC827 cells with an
I(’%f,‘ég of about 2 ng/mL or better.
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130,  The binding moieeule or antigen binding fragment thereof according to any 01‘{6 of
clauns 32-66, which can spemﬁcaﬂy suppress HER3 phosphorylation in HCC827 celis Xx’t’smian‘c

to tyrosine kinase mhlbnor with an ICsq of about 25 ng/mL or better. /f
A
131, The binding molecule or ‘antigen binding fragment thereof accordiﬁéf to any one of
claims 32-66, which can specifically suppress HER3 phosphorylation in HCQ&QZ? cells resistant
to tyrosine kinase inhibitor with an 1Csq of ahout 5 ng/mlL. or better, ;/
. | -/
132.  The binding molecule or antigen binding fragment therqﬁf according to any one of

claims 32-66, which can specifically suppress HER3 phosphorylagi/é; in MKN45 cells with an

ICso of about 10 ng/mL or better. ' &

133, The binding molecule or antigen binding fragghent thereof according to any one of

claims 32-66, which can specifically suppress HER3 ph@Sphorylauon in MKN45 cells with an
ICsp of about 5 ng/mL or better.

7

i
134, The binding molecule or antigen blndmg fragment thereof according to anv one of

" claims 32-66, which can %pemﬁcaily suppress pAKT in MKN45 cells with an ICsq of about 10

&

ng/mk. or better. -
£

‘ 135,  The binding molecule 01;1a"f1(.1tigen binding fragmént thereof according to any one of
claims 32-66, which can speciﬁcail_y‘%uppress pAKT in MKN435 cells with an ICs; of about &
ng/mL or better. o -

P

136. The binding g}fﬁecule or antigen binding fragment thereof according to any one of
claims 32-66, which can Qgﬁeciﬁcally suppress pHER in Kato I cells with an 1Csg of about 8
ng/mL or better. - d,-f"’“:y '

&

&
/

137, The hmding molecule or ant1gen binding fragment thereof according to any one of

claims 32-66, wh;ch can specifically suppress pHER in Kato III cells with an ICsy of about 1

- ng/mL or bf}}é

%,3’8. The binding molecule or antigen binding fragment thereof accordmg fo any one of
alauns’ 32-66, which can specifically suppress pAKT in Kato HI cells with an ICsy of about 5

ngfzfnL or bétter.
/s
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139.  The binding molecule or antigen binding fragment thereof according to ar;,y one of

claims 32-66, whwh can specifically suppress pAKT in Kato 111 cells with an Ingygf about 1

ng/mL or better,

/

F

140.  An ex-vivo method of detec‘zmo the acuvny level of HER3 co f}enpnsmﬁ detecting

the level of phosphorylated HERS3 in a skin biopsy fmm a subject, whi;?(n the skin is treated

with HRG prior to or after biopsy.

;,’ .. - .. l. ,.‘ "‘ E ' " . - . . l‘“i46- L




WHAT IS CLAIMED IS:

l.  An 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]SGSLSNIGLNYVS(SEQ D NO: IO [FW2IRNNQRPS(SEQ b
NO2DFW3JAAWDDSPPGEA(SEQ D NO:23){FW4]

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

wherein the VH comprises the amino acid sequence:

[FWSIYYYMQ(SEQ ID NOI3D[FW6IYIGSSGGVINYADSVKG(SEQ 1D NO:32)
[FWT7IVGLGDAFDISEQ ID NO:35)[FW§g]

wherein [FWS5], [FW6], [FW7] and [FW&] represent VH framework 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 1D NO: 3, and
wherein the VH comprises an amino acid sequence at least 80% identical to the amino acid

sequence of SEQ [D 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 1D NO: 3, and
wherein the VH comprises an amino acid sequence at least 50% identical to the amino acid

sequence of SEQ ID NO: 2.

4, The antibody or antigen-binding fragment of claim I, wherein the VL comprises an
amino acid sequence at least 95% identical to the amino acid sequence of SEQ 1D NO: 3, and
wherein the VH comprises an amino acid sequence at least 95% identical fo the amino acid

sequence of SEQ ID NO: 2.

5.  The antibody or antigen-binding fragment thereof of any one of claims 1-4, wherein
FW1 comprises SEQ ID NO: 40 or 44, FW2 comprises SEQ ID NO: 41, FW3 comprises
SEQ ID NO: 42, FW4 comprises SEQ ID NO: 43, FWS5 comprises SEQ 1D NO: 36, FWo6
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 [D NO: 3 and a VH comprising SEQ 1D NO: 2.

7.  The antibody or antigen-binding fragment thereof of any one of claims 1-6, which

comprises 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 any one of claims -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.

11. The antibody or antigen-binding fragment thereof of claim 10, which comprises a

human lambda constant region.

[2. The antibody or antigen-binding fragment of claim 8§,

(i) wherein the human IgG constant region comprises amino acid substitutions relative to a
wild-type human IgG constant domain at positions 252, 254, and 256, wherein the numbering
is according to the EU index as set forth in Kabat, and wherein

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

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

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

13. The antibody or antigen-binding fragment of any one of claim 1-6, 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.
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14. The antibody or antigen-binding fragment thereof of claim 1, comprising (i) an
antibody light chain comprising an antibody VL comprising SEQ I} NO: 3 and a human
lambda light chain constant region, and (ii) an antibody heavy chain comprising an antibody
VH comprising SEQ ID NO: 2 and a human lgG1 heavy chain constant region, wherein the
human IgGl constant region comprises amino acid substitutions relative to a wild-type
human IgG1 constant domain at positions 252, 254, and 256, wherein the numbering is
according to the EU index as set forth in Kabat, and wherein

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

{b) the amino acid at position 254 (Serine) is substituted with Threonine (T}, and

(¢} the amino acid at position 256 (Threonine} is substituted with Glutamic acid (E).

15. The antibody or antigen-binding fragment of any one of claims 1-14, wherein the

antibody is a monoclonal antibody.

16. The antibody of any one of claims 1-15, wherein the antibody is a human antibody.

17. A composition comprising the antibody of any one of claims 1-16, and a

pharmaceutically acceptable carrier.

18. The composition of claim 17, wherein the composition is refrigerator stable, wherein
the antibody or antigen-binding fragment thereof is at a concentration of 25-100 mg/mL, and
wherein the composition further comprises 25 mM histidine/histidine HCI, 205 mM sucrose,

and 0.02% polysorbate 80 at pH 6.0.

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

fragment according to any one of claims 1-16.

20. A vector comprising a nucleic acid according to claim 19.

21.  An in vitro or ex vivo host cell comprising a nucleic acid sequence according to claim

19.
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22. A method of making an antibody or antigen-binding fragment thereof, comprising (a)
culturing a cell comprising the nucleic acid of claim 19; and (b) isolating the antibody or

antigen-binding fragment thereof.

23.  Use of the antibody or antigen-binding fragment thereof of any one of claims 1-16 in

the manufacture of a medicament for inhibiting the proliferation of a cell expressing HER3.

24. The use of claim 23, wherein said cell is a human head and neck tumor cell, a human
non-small cell lung cancer cell, a human colorectal tumor cell, 2 human prostate tumor cell,

or a human breast cancer cell.

25.  Use of the antibody or antigen-binding fragment thereof of any one of claims 1-16 in
the manufacture of a medicament for reducing tumor volume of a HER3-expressing tumor in

a subject.
26. The use of claim 25, wherein said tumor is a human head and neck tumor, a human
non-small cell lung cancer tumor, a human colorectal tumor, a human prostate tumor, or a

human breast cancer tumor,

27.  Use of the antibody or antigen-binding fragment thereof of any one of claims 1-16 in

the manufacture of a medicament for treating cancer in a subject.

28. The use of claim 27, wherein the cancer is a carcinoma.

29. The use of claim 27, wherein the cancer is selected from the group consisting of
colorectal cancer, lung cancer, gastric cancer, breast cancer, head and neck cancer, prostate
cancer, pancreatic cancer, thyroid cancer, melanoma, esophageal cancer, ovarian cancer,

kidney cancer, and bladder cancer.

30. The use of claim 29, wherein the cancer is a squamous cell carcinoma of the head and

neck.

31. The use of claim 27, wherein the cancer comprises cells comprising a KRAS mutation.
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32. The use of claim 27, wherein the cancer comprises cells expressing heregulin.
33. Use of the antibody or antigen-binding fragment thereof of any one of claims 1-16 in the
manufacture of a medicament for treating cancer in a subject, said treating comprising

administration of the antibody or antigen binding fragment to the subject with an additional

therapy.

34. The use of claim 33, wherein the additional therapy is surgery.

35. The use of claim 33, wherein the additional therapy is radiation therapy.

36. The use of claim 33, wherein the additional therapy is a therapeutically effective amount
of a second agent, wherein the second agent is an anti-cancer agent other than the antibody or

antigen-binding fragment thereof.

37. The use of claim 36, wherein the second agent is an EGFR inhibitor, a HER2 inhibitor,
a HER3 inhibitor, or a MEK inhibitor.

38. The use of claim 36, wherein the second agent is cetuximab, panitumumab,

matuzumab, nimotuzumab, MM-151, or Sym004.

39. The use of claim 36, wherein the second agent is trastuzumab, trastuzumab emtansine,

or pertuzumab.

40. The use of claim 36, wherein the second agent is a kinase inhibitor.

41. The use of claim 36, wherein the second agent is gefitinib, canertinib, lapatinib,
erlotinib, afatinib, neratinib, selumetinib, WX-554 | trametinib, refametinib, E-6201, MEK-
162, or MEHD-7945 A.

42.  The use of claim 36, wherein the cancer comprises cells comprising a BRAF mutation.

43, The use of claim 42, wherein the second agent 1s a MEK 1nhibitor.
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44, The use of claim 36, wherein the cancer comprises cells comprising a KRAS mutation.
45. The use of claim 44, wherein the second agent 1s a MEK inhibitor.
46. The use of claim 36, wherein the cancer is a head and neck cancer.

47. The use of claim 36, wherein the cancer is a squamous cell carcinoma of the head and

neck.

48. The use of claim 36, wherein the cancer is a squamous cell carcinoma of the head and

neck, and wherein the second agent is cetuximab.
49,  The use of claim 36, wherein the cancer is a non-small cell lung cancer.

50. The use of claim 49, wherein the non-small cell lung cancer cells comprise a KRAS

mutation, and wherein the second agent is a MEK inhibitor.
51.  The use of claim 36, wherein the cancer is a thyroid cancer.

52. The use of claim 51, wherein the thyroid cancer comprises cells copmrising a BRAF

mutation.

53. The use of claim 52, wherein the second agent is a MEK inhibitor.
54. The use of claim 36, wherein the cancer 1s colorectal cancer.

55. The use of claim 36, wherein the cancer is breast cancer.

56. The use of claim 36, wherein the cancer 1s a HER2-amplified cancer.
57. The use of claim 36, wherein the cancer is melanoma,

58. Theuse of claim 57, wherein the second agent is a MEK inhibitor.
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59. The use of clanm 36, wherein the cancer is gastric cancer.
60. The use of claim 36, wherein the cancer is prostrate cancer.

61. A kit comprising the antibody or antigen-binding fragment thereof of any one of claims

1-16.

62. A 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 any one of claims 1-16;

(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

(c) comparing the HER3 protein level with a standard HER3 protein level.

63. 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 from the patient with an antibody or antigen-binding
fragment according to any one of claims 1-16;

(b} detecting binding of the antibody or antigen-binding fragment to HER3 to determine a
HERS3 protein level in the biological sample from the patient; and

(¢} comparing the HER3 protein level with a standard HER3 protein level.

64. A method of monitoring HER3 protein activity level during treatment of cancer in a
patient being administered the antibody or antigen-binding fragment of any one of claims 1-
16, wherein the method comprises the steps of:

(a) contacting a biological sample 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

(¢} comparing the HER3 protein activity level with a standard HER3 protein activity level.
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ABSTRACT
The present invention relates to antibodies and antigen binding fragments thereof that
bind the extracellular domain of the HER3 receptor and inhibit various HER3 receptor related
functions via ligand-dependent and/or ligand-independent mechanisms. Also provided are
compositions with increased half-life. In addition, the invention provides compositions and
methods for diagnosing and treating diseases associated with HER3 mediated signal

transduction.
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