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ANTI-HER3 ANTIBODIES AND USES OF SAME

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to anti-HER3
antibodies and uses of same.

Growth factors and their transmembrane receptor tyrosine kinases regulate
cellular proliferation and migration during both embryogenesis and oncogenesis. The
HER family (1) includes four members, the epidermal growth factor receptor, EGFR
(ErbB1/HER1), HER2 (c-Neu, ErbB2), HER3 (ErbB3) and HER4 (ErbB4). HER
receptors harbor an extracellular domain consisting of four structural subdomains,
referred to as domains I-IV (2), followed by a transmembrane domain and an
intracellular domain, which provides tyrosine kinase activity. Kinase activation of the
HER family members has generally been considered to involve ligand-induced active
dimer formation. In this model, except in HER2, structural changes from a tethered to
an untethered conformation exposing a dimerization arm (domain II) are induced
following ligand induced activation. Therefore, HER proteins are able to form active
homodimers or heterodimers or higher class oligomers (3-6). Additional studies
revealed the existence of ligand-independent activated dimers, reported in case of
receptor overexpression (7). Moreover, other studies reported inactive preformed free or
half -free-ligand dimers presenting asymmetric arrangement of the intracellular kinase
domain. These inactive dimers can subsequently be activated by ligand binding (8).

HER3, which presents a very low tyrosine kinase activity (9), has an influence
on signaling pathways, via its preferential dimerization with EGFR or HER2 and its
subsequent phosphorylation by these active tyrosine kinases. These receptors and their
many ligands form a layered signaling network, which is multiply involved in human
cancer (6). HER3 is activated upon neuregulin (NRG) binding, mainly NRG1f, but
unlike EGFR, HER2 and HER4, HER3 does not form homodimers upon ligand binding
(10). Similar to EGFR and HER?2, the identification of somatic mutations in HER3 was
recently reported in colon and in gastric cancer (11), reflecting the importance of this
receptor for tumor progression.

Targeted therapies against HER family members using monoclonal antibodies

(mAbs) are widely and commonly used in cancer therapy. For example, trastuzumab
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(Herceptin) that targets HER2 is currently employed routinely in breast cancer therapy

(12, 13). However, due to the adaptive character of this disease, the majority of breast
cancers become trastuzumab-resistant after prolonged treatment. Several studies
reported that trastuzumab resistant tumors show strong expression of HER3 (14).
Moreover, HER3 is also implicated in the development of resistance to treatment with
other HER-targeted therapies (e.g., cetuximab or kinase inhibitors such as Lapatinib)
(15, 16), IGFR-targeted therapies (17) or chemotherapeutic agents (18).

Anti-HER3 antibodies are already in development in several laboratories (19)
and some of them are currently in phase I clinical trials. These are MM-121 (20) from
Merrimack, U3-1287/AMGS888 (21) from U3-Pharma /AMGEN, AV-203 (19) from
Aveo and RO5479599 (22) from Roche. In addition, some bispecific molecules
targeting HER3 and another receptor have been developed and three of them are
currently in phase I clinical trials. These are MM-111 (23) (HER2/HER3; Merrimack),
MEHD7945A (24, 25) (EGFR/HER3; Genentech) and MM-141 (26) (IGFR1/HER3;
Merrimack). These bispecific strategies are based on the assumption that the dual
targeting of two receptors from the EGFR family might be effective in terms of tumor
inhibition.

Drugs targeting HER3 that are currently developed or in clinical trials show
promising results, but their efficacy can be viewed as modest (32). It is therefore

imperative to develop new strategies to improve the benefit of HER3 targeting.

SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there is
provided an isolated polypeptide comprising an antigen recognition domain specifically
binding human HER-3 with a Kp value of 10 nM or lower, wherein the polypeptide
inhibits neuregulin (NRG) binding to the human HER3 and NRG-induced cancer cell
migration and proliferation.

According to some embodiments of the invention, the isolated polypeptide
induces HER3 degradation.

According to some embodiments of the invention, the isolated polypeptide

induces HER3 degradation faster than NRG stimulation.



10

15

20

25

30

WO 2016/038609 PCT/IL2015/050915

3
According to some embodiments of the invention, the isolated polypeptide of

induces HER?3 internalization.

According to some embodiments of the invention, the isolated polypeptide
induces antibody dependent cell mediated cytotoxicity (ADCC).

According to some embodiments of the invention, the isolated polypeptide
inhibits NRG-induced HER3 phosphorylation and optionally AKT and/or ERK
activation.

According to some embodiments of the invention, the isolated polypeptide is as
efficient as trastuzumab in inhibiting N87 (ATCC® CRL-5822") proliferation.

According to some embodiments of the invention, the antigen recognition
domain comprises complementarity determining region (CDR) amino acid sequences as
set forth in:

SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from
N to C on a light chain of the polypeptide) and 4 (CDR1), 5 (CDR2) and 6 (CDR3)
(sequentially arranged from N to C on a heavy chain of the polypeptide) (Clone NG33).

According to an aspect of some embodiments of the present invention there is
provided an isolated polypeptide comprising an antigen recognition domain which
specifically binds human HER-3, wherein the antigen recognition domain comprises
complementarity determining region (CDR) amino acid sequences as set forth in:

SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from
N to C on a light chain of the polypeptide) and 4 (CDR1), 5 (CDR2) and 6 (CDR3)
(sequentially arranged from N to C on a heavy chain of the polypeptide) (Clone NG33);

SEQ ID NOs: 7 (CDR1), 8 (CDR2) and 9 (CDR3), (sequentially arranged from
N to C on a light chain of the polypeptide) and 10 (CDR1), 11 (CDR2) and 12 (CDR3)
(sequentially arranged from N to C on a heavy chain of the polypeptide) (Clone NG83);
or

SEQ ID NOs: 13 (CDR1), 14 (CDR2) and 15 (CDR3), (sequentially arranged
from N to C on a light chain of the polypeptide) and 16 (CDR1), 17 (CDR2) and 18
(CDR3) (sequentially arranged from N to C on a heavy chain of the polypeptide) (Clone
NG140).
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According to some embodiments of the invention, the isolated polypeptide is an

antibody or a fragment thereof.

According to some embodiments of the invention, the antibody is a monoclonal
antibody.

According to some embodiments of the invention, the antibody is a monospecific
antibody.

According to some embodiments of the invention, the antibody is a multispecific
antibody.

According to some embodiments of the invention, the multispecific antibody is a
bispecific antibody.

According to some embodiments of the invention, the antibody is a humanized
antibody.

According to some embodiments of the invention, the antibody is attached to a
heterologous moiety.

According to some embodiments of the invention, the heterologous moiety is a
pharmaceutical agent.

According to some embodiments of the invention, the pharmaceutical agent
comprises a cytotoxic agent.

According to some embodiments of the invention, the cytotoxic agent is an
enzymatically active toxin.

According to some embodiments of the invention, the cytotoxic agent is a
chemotherapeutic agent or a radioactive isotope.

According to some embodiments of the invention, the antibody is immobilized to
a solid phase.

According to some embodiments of the invention, the antibody is an IgGl
subtype.

According to some embodiments of the invention, the multispecific antibody
binds a HER polypeptide selected from the group consisting of HER1, HER2 and HER4.

According to some embodiments of the invention, the multispecific antibody
binds a HER polypeptide selected from the group consisting of HER1 and HER?2.

According to some embodiments of the invention, the multispecific antibody

binds HER2.
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According to some embodiments of the invention, the multispecific antibody

binds an epitope in the HER3 which is distinct from the epitope bound by the antigen
recognition domain.

According to an aspect of some embodiments of the present invention there is
provided a pharmaceutical composition comprising the isolated polypeptide of any one
of claims and a pharmaceutically acceptable carrier or diluent.

According to an aspect of some embodiments of the present invention there is
provided a cell line which produces the isolated polypeptide.

According to an aspect of some embodiments of the present invention there is
provided a method of determining presence of HER3 polypeptide in a cell suspected of
containing the HER3 polypeptide, the method comprising contacting the cell with the
isolated polypeptide under conditions which allow formation of an immunocomplex
comprising the HER3 polypeptide and the isolated polypeptide, and determining
presence of the immunocomplex, thereby determining presence of HER3 polypeptide in
the cell.

According to an aspect of some embodiments of the present invention there is
provided a kit comprising the isolated polypeptide and instructions for using the isolated
polypeptide to detect a HER3 polypeptide.

According to an aspect of some embodiments of the present invention there is
provided a kit comprising the isolated polypeptide and a pharmaceutical agent.

According to some embodiments of the invention, the pharmaceutical agent is a
cytotoxic agent selected from a chemotherapy and a radioisotope.

According to an aspect of some embodiments of the present invention there is
provided a method of treating a HER3 associated medical condition in a subject in need
thereof, the method comprising administering to the subject a therapeutically effective
amount of the isolated polypeptide, thereby treating the HER3 associated medical
condition.

According to an aspect of some embodiments of the present invention there is
provided use of the isolated polypeptide in the manufacture of a medicament identified

for treating a HER3 associated medical condition.
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According to an aspect of some embodiments of the present invention there is

provided the isolated polypeptide in the treatment of a HER3 associated medical
condition.

According to some embodiments of the invention, the HER3 associated medical
condition is a hyperproliferative disease.

According to some embodiments of the invention, the hyperproliferative disease
is cancer.

According to some embodiments of the invention, the cancer is selected from the
group consisting of melanoma, breast cancer, ovarian cancer, renal carcinoma,
gastrointestinal/colon cancer, lung cancer, clear cell sarcoma and prostate cancer.

According to some embodiments of the invention, the cancer exhibits autocrine
NRG-induced signaling.

According to some embodiments of the invention, the method further comprising
analyzing expression of the HER3 and/or NRG in cells of the cancer.

According to some embodiments of the invention, the method further comprising
administering to the subject an additional polypeptide, wherein such that the polypeptide
comprises the CDRs of clone NG33 and the additional polypeptide comprises the CDRs
of clone NG140 or NG83.

According to an aspect of some embodiments of the present invention there is
provided a method of producing the isolated polypeptide, comprising culturing a host
cell expressing the polypeptide so that the polypeptide is produced.

According to some embodiments of the invention, the method further comprising
isolating the polypeptide from the culture.

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.
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BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example
only, with reference to the accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are by way of example and for
purposes of illustrative discussion of embodiments of the invention. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.

In the drawings:

FIGs. 1A-E show hybridoma Screening and mAb Isotyping. (Figure 1A) Mice
were immunized with recombinant IgB3. (Figure 1B) The hybridoma supernatant
screening using ELISA, was performed on 96 well-plate coated with IgB3 (1pug/ml) or
with a human IgG. The plates were blocked with PBS-1% BSA and incubated for 1h
with hybridoma supernatants, followed by a second incubation for 1h with HRP-labeled
anti-mouse IgG and subsequently detected by 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) addition. The OD at 415nm was then measured using an ELISA
microplate reader. (Figure 1C) The second step of the screening was performed by
immunoprecipitation (IP). Anti-mouse IgG beads were incubated first with the
hybridoma supernatant and subsequently with total cell lysate from HER3-expressing
T47D cells. (Figure 1D) The mAbs directed to HER3 were isotyped using ELISA. 96
well-plate were coated with IgB3 (1 pg/ml) and after blocking, incubated with the
indicated mAbs for 1h. After washing the plate were incubated for 1 h with various
secondary HRP coupled-antibodies able to bind specifically, IgG1, IgG2a, IgG2b, IgG3,
IgM, IgA, Kappa chain or Lambda chain. The detection was performed as shown in
Figure 1B. (Figure 1E) Finally the ability of the mAbs to detect HER3, used as primary
Ab in a Western Blot experiment, was determined on cell lysate from T47D cells.

FIGs. 2A-D show monoclonal antibody targeting HER3 extracellular domain.
(Figure 2A) 96 well-plates were coated with 1.5 pg/ml of IgB3, blocked with PBS-BSA
(1% weight/vol) and incubated for 1h with various concentrations of purified mAbs
under gentle shaking at RT. After washing, a second lh-incubation with HRP-labelled
anti-mouse IgG was performed and followed by incubation with 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) for 10 min. The OD at 415nm was measured

using by an ELISA microplate reader. (Figures 2B and 2C) NIH/3T3-R2R3 cells were
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incubated with 10 pg/ml of each mAb for 1h at 4 °C. After 2 washes, the cells were

incubated for 1h at 4 °C (in the dark) with a secondary anti-mouse IgG Ab coupled to
AlexaFluor 488. The fluorescence intensity (F.I.) was measured on the LSRII flow
cytometer. (Figure 2D) Protein G beads were incubated first with the indicated mAb (5
ug) for 2h at 4 °C under gentle shaking and following two washes, the beads were
incubated with cleared cell lysate from N87 cells. After 4 washes, the content bound to
the beads was eluted and analyzed by immunoblotting (IB) with an antibody to
HER3/ErbB-3.

FIGs. 3A-E show Kd determination of mAb to HER3 using the Tag-Lite
technology. Cells are transfected with HER3-SNAP-Tag and labeled withBG-
Lumi4(Tb), a SNAP-tag subtract. Following incubation with increasing concentrations
of indicated d2 labeled mAb directed to HER3, the Kd was determined from the binding
curve fitting. The binding curve was obtained by measuring the FRET between the
donor Lumi4(Tb) and the acceptor d2-dye. The unspecific binding was evaluated by
adding an excess of unlabelled Ab.

FIGs. 4A-B show specificity of monoclonal antibodies directed to HER3.
(Figure 4A) NIH/3T3-EGFR, -HER2, -HER3 or —-EGFR/HER4 cells were incubated
with 25 pg/ml of each mAb for 1.5 h at 4 °C. After 2 washes, the cells were incubated
for 1h at 4 °C (in the dark) with a secondary anti-mouse IgG Ab coupled to AlexaFluor
488. The fluorescence intensity (F.I.) was measured on the LSRII flow cytometer. The
negative control is made using an irrelevant mouse IgG as primary Ab. The positive
control are the following mAb 565 (anti-EGFR), mAb L26 (anti-HER2), mAb 9F7
(anti-HER3), mAb 77 (anti-HER4). (Figure 4B) The panel presents the geometric mean
and the CV of the fluorescence intensity.

FIGs. 5A-D show that the monoclonal Antibody induces HER3 degradation and
Antibody-Dependent Cell-mediated Cytotoxicity. (Figures SA and 5B) The mAb ability
to degrade HER3 after cell treatment was determined as follows. N87 cells were treated
for 3h at 37 °C with 10 pg/ml mAb. After cell lysis and protein extraction, the samples
were subjected to immunoblotting with the indicated Ab. (Figure 5C) The experiment
shown in Figure 5A was performed on 6 other cancer cell lines. (Figure 5D) The mAb
capacity to induce ADCC is reported. BXPC3-luc cells were incubated with the
indicated mAbs and secondarily with human PBMC cells for 24h. Cell killing was
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detected by measuring the luminescence after final addition of luciferine. *** p>0.001,

ANOVA and post hoc tests.

FIG. 6 shows that the anti-HER3 mAb NG33 induces HER3 degradation.
SKBR-3 human mammary cancer cells were treated for the indicated times at 37 °C
with 10 pg/ml NG33. Following cell lysis and protein extraction, the samples were
subjected to immunoblotting using the indicated antibodies followed by and
quantification.

FIGs. 7A-B show that NG33 mAb treatment induces HER3 degradation faster
than NRG stimulation. NG33 and NRG abilities to degrade HER3 after cell treatment
were determined as follows. N87 cells were treated for the indicated time at 37 °C with
10 pg/ml mAb or 20 ng/ml NRG. After cell lysis and protein extraction, the samples
were subjected to immunoblotting with the indicated Ab. (Figure 7A) Immunoblot
photographs. Figure 7B) HER3 levels were compared and reported in a histogram for
comparison.

FIGs. 8A-B show that NG33 mAb treatment induces HER3 internalization. N87
cells were incubated for different time intervals with NG33 mAb (10 pg/ml), followed
by incubation with a non-competitive anti-HER3 mAb labeled with Fhycoerythrin (PE)
and flow cytometry analysis. (Figure 8A) Flow cytometry histograms. (Figure 8B) A
graph comparing fluorescence intensity at the indicated incubation time points ****
p>0.0001, ** p>0.01 (ANOVA and post hoc tests).

FIGs. 9A-C show that the anti-HER3 mAb NG33 decreased NRG-induced
phosphorylation of HER3, AKT and ERK, and NRG-induced migration. (Figure 9A)
The indicated mAbs were checked for their capacity to compete with fluorescent dye
labeled NRG. NIH/3T3-R2R3 cells were plated on black microplate and incubated 45
min at 4°C with increasing concentrations of mAbs to HER3. After washes, the labeled-
NRG was added and incubated for 30 min at 4°C. Fluorescence intensity at 670 nm was
determined following 3 final washes. (Figure 9B) The ability of the mAbs to avoid
NRG-induced phosphorylation of HER3, AKT and ERK, was studied with N87 cells.
After 20 min treatment with the indicated mAbs (10 pg/ml) at 37°C, NRG (20 ng/ml)
was added to the cells for 10 min. The cells were then lysed, and equal quantities of
protein lysates were run on 9% bisacrylamide gel before immunoblotting with the

indicated primary antibodies. (Figure 9C) The capacity of mAb NG33 to avoid NRG-
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induced migration was checked with OVCAR-5 cells and the quantification reported in

a histogram. OVCAR-5 cells were seeded in the upper compartment of migration
chambers. The lower compartment of each chamber was filled with medium
supplemented with NRG (10 ng/ml). After 24 h-treatment, cells that reached the lower
side of the filter were fixed, permeabilized and stained with GIEMSA solution. Signals
of triplicates were quantified. **** p>0.0001 (ANOVA and post hoc tests).

FIGs. 10A-D show that the anti-HER3 mAb NG33 decreased NRG-induced
tumor cell survival as efficiently as Trastuzumab in vitro and in vivo. (Figures 10A and
10C) Proliferation assays using MTT were performed on 5 different cell lines, MCF-7,
NCI-H322M, OVCAR-5, SKBR-3, BxPC3 and N87. 5,000 cells per well were plated
the day before and treated for 72h with the various agents (each at 10 pg/ml) in medium
supplemented with NRG (10 ng/ml). Trastu indicate a humanized mAb to HER2/ErbB-
2, Trastuzumab. (Figure 10B) N87 cells were incubated with 10 pg/ml of mAb directed
to EGFR (565), HER2 (L26) or HER3 (X(C252) for 1h at 4°C. After 2 washes, the cells
were incubated for 1h at 4°C (in the dark) with a secondary anti-mouse IgG Ab coupled
to AlexaFluor 488. The fluorescence intensity (F.I.) was measured on the LSRII flow
cytometer. (Figure 10D) CD1-Nude mice were grafted subcutaneously with 5x10° N87
cells. Once the tumors became palpable (after 13 days) the mice were randomized into
group of 6 mice and treated twice a week for 5 weeks. The control group (CTRL) was
injected intra-peritoneally (IP) with 200 ul PBS. The other groups were treated with
mADb at the final concentration of 0.2 mg/ 0.2 ml of PBS per mouse. The mice were
weighted once a week and the tumors measured twice a week. An average tumor size of
6 mice (+/- SEM) is shown.

FIG. 11 is a graph showing that the anti-HER3 mAb NG33 decreased NRG-
induced gastric cancer cell survival in vitro as efficiently as Trastuzumab as shown in
an MTT assay performed on N87 cells. 5,000 cells per well were plated the day before
and treated for 72 hours with the indicated mAbs (each at 10 pg/ml) in medium
supplemented with the indicated concentrations of NRG.

FIGs. 12A-D show a combination of two mAbs directed to two different
epitopes of HER3. (Figure 12A and 12B) The antibodies NG33 and XC252 were
labeled with the fluorescent dye Lumi4® Tb Cryptate (K2). 96 well-plate were coated
with IgB3 (1.5 pg/ml), blocked with PBS-BSA and incubated for 1h with various
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concentrations of mAbs under gentle shaking at RT. The labeled mAb, NG33-K2

(Figure 12A) or XC252-K2 (Figure 12B), was then added at 1 nM final concentration.
After 1h incubation, the plate was washed 4 times with KREBS buffer, and the
fluorescence intensity at 610 nm was measured using a fluorescence microplate reader.
(Figure 12C) The various anti-HER3 mAb combinations were studied for their ability to
trigger HER3 degradation using N87 cells. Cells were treated for 2h at 37°C with mAb
(10 pg/ml). After cell lysis and protein extraction, the samples were subjected to
immunoblotting with the indicated antibodies. (Figure 12D) The combination’s capacity
to modulate NRG-induced phosphorylation of HER3, AKT and ERK was evaluated
using N87 cells. After 20 min treatment at 37°C with 10 pg/ml of mAbs, NRG (20
ng/ml) was added to the cells for 10 min. The cells were then lysed, and equal quantities
of lysate protein were electrophoresed before immunoblotting, as indicated.

FIG. 13 is a graph showing that combining the anti-HER3 mAbs NG33 and
NG140 enhances the inhibitory effect of a single NG33 treatment on proliferation of
NRG-induced gastric cancer cell survival in vifro. as shown in an MTT assay performed
on N87 cells. 5,000 cells per well were plated the day before and treated for 72 hours
with the indicated mAbs at the indicated concentrations in medium supplemented with
NRG (1 ng/ml) and NG33 (10 pg/ml). A sample incubated in a medium without NG33
was used for normalization.

FIG. 14 shows in vivo tests determining the effect of anti-HER3 mAb
combinations on several types of carcinomas. CDI1-Nude mice were grafted
subcutaneously with 5x10° cells. Once tumors became palpable, the mice were
randomly divided into groups of 3 mice and were injected twice a week, intra-
peritoneally (IP) with the indicated treatments for 5 weeks. The control group (CTRL)
was injected with 200 pl PBS, while the “mAbs” group were treated with the
NG33+XC252 combination at a final concentration of 0.2 mg/ 0.2 ml of PBS per
mouse. The mice were weighted and the tumors measured once a week. The average
tumor size of 3 mice (+/- SEM) is reported.

FIGs. 15A-F show the effects of a mixture of two anti HER3 mAbs, in vivo on
BxPC3 cell xenografts and in vitro. (Figures 15A-C) CD1-Nude mice were grafted
subcutaneously with 5x10° BXxPC3 cells. Once tumors became palpable (after 13 days),

the mice were randomized into group of 8 mice and treated every 3 days for 5 weeks.
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The control group (CTRL) was injected intra-peritoneally (IP) with 200 ul PBS. The

other groups were treated with mAb alone or in combination at a final concentration of
0.2 mg/ 0.2 ml of PBS per mouse. The mice were weighted once a week and the tumors
measured twice a week. An average tumor size of 7-8 mice
(+/- SEM) is shown. (Figures 15D-F) Proliferation assays using MTT were performed
on BxPC-3. 5,000 cells per well were plated the day before and treated for 72h with the
indicated mAb treatment. Decreasing concentrations of the indicated mAb (alone or in

combination) were used in medium supplemented with 1% serum and NRG (10 ng/ml).

FIG. 16 is a schematic illustration of the NG33 antibody.

FIG. 17 is a schematic illustration of the NG83 antibody.

FIG. 18 is a schematic illustration of the NG140 antibody.

FIG. 19 is a schematic illustration of the XC252 antibody.

FIG. 20 shows the in-vivo effect of treatment with PBS or cetuximab (denoted
CTX), trastuzumab (denoted TRZ) and anti-HER3 (mAb 33, denoted 33) and
combinations of the three on tumor growth in mice inoculated with PC9ER NSCLC
cells. The graph represents tumor volumes following treatment. Data is presented as
mean + SE (n =9).

FIGs. 21A-C show that treatment with AZD-9291 (a third generation TKI) and
combined treatment with cetuximab (denoted CTX), Trastuzumab (denoted TRZ) and
anti-HER3 (mAb 33, denoted 33) comparably inhibit erlotinib resistant NSCLC tumor
growth in-vivo. CD1-nu/nu mice were inoculated with H1975 NSCLC cells and treated
with Vehicle, Erlotinib or AZD9291 (Smg/kg/day) or with the triple combination of
antibodies (CTX+TRZ+33). Figure 21A is a graph representing tumor volumes
following treatment. Data is presented as mean * SE (n = 8). Figure 21B show
photographs demonstrating tumors harvested from the tumor bearing mice. The images
show tumors harvested from Erlotinib treated mice on day 14 and from AZD9291 or the
triple combination of antibodies (denoted as 3XmAb) treated mice on day 43. Scale bar
represents 1 cm. Figure 21C is a graph representing body weight changes following
treatment.

FIG. 22 shows the in-vivo effect of a combined treatment with AZD-9291 and

the triple antibody combination (cetuximab+trastuzumab+mAb 33, denoted 3XmAb) on
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erlotinib resistant NSCLC tumor growth i?mice inoculated with H1975 cells. CDI1-
nu/nu mice were first treated with Erlotinib until tumors reached a size of 800 mm?®
followed by treatment with, Erlotinib or AZD9291 (5 mg/kg/day), 3XmAb or 3XmAb
in combination with AZD9291 (1 mg/kg/day). The graph represents tumor volumes
following treatment. Data is presented as mean + SE (n=7).

FIG. 23 demonstrates that NSCLC cells develop resistance to AZD-9291
(denoted AZD) but remain sensitive to treatment with the triple mAb combination
(cetuximab+trastuzumab+mAb33, denoted 3XmAb). The graph represents metabolic
activity percentages of PCOER and PCIER-AZDR cells following 72 hours treatment
with increasing doses of AZD-9291 or 3XmAb, as evaluated by MTT assay. Data is
presented as average = SD (n = 3 independent experiments).

FIG. 24 shows western-blot photographs demonstrating expression of EGFR,
AKT, ERK2 and their phosphorylated forms in NSCLC PC9ER and PC9ER-AZDR
cells following 6 hours treatment with DMSO control, 1 uM CO-1686 or 1 uM AZD-

9291.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to anti-HER3
antibodies and uses thereof.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details set
forth in the following description or exemplified by the Examples. The invention is
capable of other embodiments or of being practiced or carried out in various ways.

The epidermal growth factor receptor (EGFR) family serves as a key target for
cancer therapy. Specifically, EGFR and HER?2 have been intensely targeted; due to their
overexpression in several tumor types. Therapeutic interest in HER3 targeting has long
been underestimated due to relatively low expression in tumor and impaired kinase
activity.

Drugs targeting HER3 that are currently developed or in clinical trials show
promising results, but their efficacy can be viewed as modest (32).

Whilst reducing the present invention to practice, the present inventors have

developed a novel panel of anti HER3 antibodies and characterized the antibodies
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regarding their ability to degrade HER3 and to decrease HER3 activity. NG33 (also

referred to herein as 33), a mAb targeting the NRG binding site of HER3 emerge as the
most potent (illustrated in Figure 16). Secondly, competition assays against NG33 were
performed to identify several mAbs to use in combination with NG33, also known as the
double targeting approach. Eventually, three different combinations (i.e., N33+N140,
NG33+NG83 and NG33+X(C252) were selected and their efficacy to decrease tumor cell
proliferation compared to the one of NG33 single treatment was found unprecedented.
In addition, the present inventors have shown that a combined treatment comprising
NG33 with cetuximab (anti-EGFR) and trastuzumab (anti-HER?2) exerted synergistically
strong and lasting inhibitory effects on tumor growth both in-vitro and in-vivo.
Furthermore, the present inventors have uncovered that a combination of NG33 with
cetuximab and trastuzumab and a low dose of a third generation TKI which inhibits
mutated EGFR while sparring wild-type EGFR e.g., AZD-9291 had an improved anti-
tumor effect on erlotinib resistant NSCLC tumors as compared to the triple mAb therapy
or to a high dose AZD-9291 therapy.

These results place the antibodies either as single agents or in combinations as
important clinical tools for the diagnosis and treatment of HER3 associated medical
conditions such as cancer.

Thus, according to an aspect of the invention there is provided an isolated
polypeptide comprising an antigen recognition domain specifically binding human HER-
3 with a Kp value of 10 nM or lower, wherein said polypeptide inhibits neuregulin
(NRG) binding to said human HER3 and NRG-induced cancer cell migration and
proliferation.

As used herein, “a protein” refers to an isolated polypeptide molecule having a
high affinity towards HER3.

As used herein "a high affinity molecule" which is interchangeably referred to as
“the protein” or ‘“the isolated protein” refers to a naturally-occurring or synthetic
essentially proteinacious molecule, which binds specifically a target protein molecule
(i.e., HER3) with an affinity higher than 10° M. Specific binding can be detected by
various assays as long as the same assay conditions are used to quantify binding to the
target versus control.

According to a specific embodiment, the protein is an antibody.
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The general affinity of the protein is preferably higher than about, 10° M, 10

M and as such is stable under physiological (e.g., in vivo) conditions.

According to a specific embodiment the affinity is preferably between 0.1-10”
M, 1-10 x 10° M or 0.1-10 x 10 M. According to a specific embodiment the affinity is
between 1-10 x 107 M. According to another specific embodiment the affinity is
between 0.1-5 x 10° M.

As used herein the term “isolated” refers to a level of purity such that the protein
of the invention is the predominant form (e.g., more than 50 %) in the preparation. In
other words, other high affinity molecules which are characterized by low or no affinity
to HER3 are altogether present in the preparation in less than 50 % of the total high
affinity molecules of the preparation. According to a specific embodiment, the protein
is isolated from the physiological embodiment e.g., from the body (e.g., human or
animal). According to a specific embodiment, the term isolated also means isolated
from a library, such as a phage display library.

As used herein "HER3" refers to a receptor tyrosine kinase (RTK) of the
epidermal growth factor receptor family E.C. 2.7.10.1, also referred to as ErbB-3.
According to a specific embodiment, the HER3 is ERBB3_HUMAN, P21860.

According to a specific embodiment, the protein does not bind another HER
family member i.e., HER1, HER2 or HER4 with a clinically relevant affinity i.e., higher
than 10 M.

As used herein "EGF-R" refers to a receptor tyrosine kinase (RTK) of the
epidermal growth factor receptor family, also referred to as HERI, mENA and
ErbB-1. According to a specific embodiment the EGFR is human EGFR i.e.,
EGFR_HUMAN, P00533.

As used herein "HER2" refers to a receptor tyrosine kinase (RTK) of the
epidermal growth factor receptor family, also referred to as ErbB-2, NEU and p185erbB-
2. According to a specific embodiment the HER2 is human HER2 i.e.,
ERBB2 _HUMAN, P04626.

As used herein, the term “HER4” refers to a receptor tyrosine kinase (RTK) of
the epidermal growth factor receptor family, also referred to as ErbB-4. According to a

specific embodiment the HER4 is human HER4 i.e., ERBB4_HUMAN, Q15303.



10

15

20

25

30

WO 2016/038609 PCT/IL2015/050915

16
As mentioned the isolated polypeptide is capable of inhibiting binding of

neuregulin to HER3.

As used herein, the term “neuregulin” or NRG refers to Neuregulin 1 (NRG1).

NRG activates the ErbB2-ErbB3 protein complex (i.e. induces phosphorylation
of tyrosine residues in the ErbB2-ErbB3 complex upon binding thereto). The term
includes biologically active fragments and/or variants of a naturally occurring NRG
polypeptide, such as an EGF-like domain fragment thereof (e.g. NRGbeta; 177-244).

According to a specific embodiment, “capable of inhibiting binding of
neuregulin to HER3” means that the protein binds to the binding site of NRG on HER3
and competes with NRG binding, similarly to a competitive inhibitor. Thus binding of
the protein to HER3 prevents NRG binding to HER3. Accordingly, the apparent affinity
of NRG to HER3 in the presence of the protein is increased. Alternatively, the antibody
may induce conformational changes in HER3 thus inhibiting NRG binding to the
receptor.

As mentioned, the isolated polypeptide is capable of inhibiting NRG-induced
cancer cell migration and/or proliferation.

According to a further specific embodiment, the isolated polypeptide inhibits
NRG induced HER2-HER3 heterodimerization.

As used herein “inhibiting” refers to at least 10%, 20%, 30%, 50%, 60%, 70%,
80%, 90% or even complete blockade of the biological activity.

Cancer cell migration and proliferation can be detected using methods which are
well known in the art including in vivo and in vitro methods.

Thus, NRG-induced cancer cell migration can be determined by the migration
chamber method which is described in details in the Examples section which follows.

NRG-induced cell proliferation can be determined by analyzing cell
proliferation as well known in the art. Examples include, but are not limited to, the
Alamar blue assay, BrdU incorporation assay, the MTT assay and the thymidine
incorporation assay. The MTT assay is described in details in the Examples section
which follows.

The cancer cell can be of any cancer which expresses HER3. The cell can be of
a primary tumor or a metastatic tumor.

The cell can be a non-cultured cell, a product of primary culturing or a cell line.
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According to a specific embodiment, the isolated polypeptide is capable of

inducing HER3 degradation. This is of specific significance, as removal of HER3 from
the cell membrane and its degradation renders it inaccessible for further signaling.

Thus, according to a specific embodiment, the isolated polypeptide induces an
increase of at least 10%, 20%, 30%, 50%, 60%, 70%, 80%, 90% or even complete
degradation (100 %) of HER3, as compared to the level of the protein in cells of the
same strain in the absence of the isolated polypeptide (control).

Methods of determining HER3 protein level are well known in the art, such as
immunoprecipitation and Western blotting as described in the Examples section which
follows.

Interestingly, the present inventors have found that the protein may induce faster
and higher HER3 degradation than NRG. Methods of determining this feature are well
known in the art and described in details in Example 3 of the Examples section which
follows.

According to a specific embodiment, the isolated polypeptide is capable of
inducing internalization of the HER3 receptor. This is of specific significance, as
removal of HER3 from the cell membrane renders it inaccessible for further signaling.

Thus, according to a specific embodiment, the isolated polypeptide induces an
increase of at least 10 %, 20 %, 30 %, 50 %, 60 %, 70 %, 80 %, 90 % or even complete
(100 %) internalization of HER3, as compared to the level of HER3 on the surface of
the cells of the same strain in the absence of the isolated polypeptide (control).

Methods of determining HER3 cell surface protein level are well known in the
art, such as immunohistochemistry, flow cytometry and radiolabeling. Specific
examples of such assays are further described in the Examples section which follows.

According to a specific embodiment, the isolated polypeptide is capable of
inducing antibody dependent cell mediated cytotoxicity (ADCC).

The antibody-dependent cell-mediated cytotoxicity (ADCC) is a mechanism of
cell-mediated immune defense whereby an effector cell of the immune system actively
lyses a target cell, whose membrane-surface antigens have been bound by specific
antibodies. It is one of the mechanisms through which antibodies, as part of the humoral
immune response, can act to limit and contain infection. Classical ADCC is mediated by

natural killer (NK) cells; macrophages, neutrophils and eosinophils can also mediate
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ADCC. For example, eosinophils can kill certain parasitic worms known as helminths

through ADCC. ADCC is part of the adaptive immune response due to its dependence
on a prior antibody response.

ADCC recruitment is an important arm for combating tumors in vivo.

This heterodimer conformation of HER3 allows the signaling complex to activate
multiple pathways including the MAPK (ERK), PI3K/Akt, and PLCy The intracellular
domain of HER3 contains 6 recognition sites for the SH2 domain of the p85 subunit of
PI3K. HER3 binding causes the allosteric activation of p110, the lipid kinase subunit of
PI3K, a function not found in either EGFR or ErbB2.

According to a specific embodiment, the isolated polypeptide is capable of
inhibiting NRG-induced HER3 phosphorylation and optionally AKT and/or ERK
activation.

Methods of determining activation of signaling pathways are well known in the
art and include in-vitro kinase assays and the use of antibodies directed at the
phosphorylated forms of the substrates. Some of these methods are described in the
Examples section which follows.

A specific embodiment, related to ERK is discussed infra. Extracellular signal-
regulated kinases (ERKs) 1 and 2 (ERK1/2) are members of the mitogen-activated
protein kinase (MAPK) family of cell signaling enzymes controlling cell fates such as

embryogenesis, cell differentiation, cell proliferation, and cell death. ERK1/2 are

204 202
)

activated via dual phosphorylation on specific tyrosine (Tyr™ ) and threonine (Thr
residues by mitogen-activated or extracellular signal-regulated protein kinase (MAPK).

Methods of analyzing Erk (also referred to as MAPK) phosphorylation are well
known in the art. Such are described in length in the Examples section which follows.
Erk phosphorylation kits are typically based on the use of a phospho-specific
ERK/MAPK (Phospho-Thr*® and Tyr*™*) primary antibody together with a labeled
secondary antibody in a ready-to-use format. Such Kkits are available from various
vendors including, but not limited to, Sigma-Aldrich, Perkin-Elmer, Cayman Chemicals
and Millipore.

According to a specific embodiment, the isolated polypeptide (e.g., NG33) is
(strikingly) as efficient as trastuzumab in inhibiting N87 (ATCC® CRL-5822™)

proliferation, as described in the Examples section which follows. Thus the use of the
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same molar amounts of the isolated protein and trastuzumab (an anti HER2 antibody)

result in at least as the same inhibition of tumor cell proliferation.

According to a specific embodiment, the isolated polypeptide having any and all
of the aforementioned features comprises an antigen recognition domain which
comprises complementarity determining region (CDR) amino acid sequences as set forth
in:

SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from
N to C on a light chain of said polypeptide) and 4 (CDR1), 5 (CDR2) and 6 (CDR3)
(sequentially arranged from N to C on a heavy chain of said polypeptide) (Clone NG33).

According to another embodiment, the isolated polypeptide comprises an antigen
recognition domain which specifically binds human HER-3, wherein said antigen
recognition domain comprises complementarity determining region (CDR) amino acid
sequences as set forth in:

SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from
N to C on a light chain of said polypeptide) and 4 (CDR1), 5 (CDR2) and 6 (CDR3)
(sequentially arranged from N to C on a heavy chain of said polypeptide) (Clone NG33);

SEQ ID NOs: 7 (CDR1), 8 (CDR2) and 9 (CDR3), (sequentially arranged from
N to C on a light chain of said polypeptide) and 10 (CDR1), 11 (CDR2) and 12 (CDR3)
(sequentially arranged from N to C on a heavy chain of said polypeptide) (Clone NG83);
or

SEQ ID NOs: 13 (CDR1), 14 (CDR2) and 15 (CDR3), (sequentially arranged
from N to C on a light chain of said polypeptide) and 16 (CDR1), 17 (CDR2) and 18
(CDR3) (sequentially arranged from N to C on a heavy chain of said polypeptide)
(Clone NG140).

Combinations of these proteins are also contemplated according to the present
teachings, essentially, NG33+NG140, NG140+ NG83, NG83+NG33 ecither as a single
molecule (multispecific e.g., bispecific or trispecific configurations) or as monospecific
antibodies.

Other combinations are further described hereinbelow.

As used herein, the terms "complementarity-determining region” or "CDR" are
used interchangeably to refer to the antigen binding regions. In antibodies, the “CDRs”

refer to the antigen binding region found within the variable region of the heavy and
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light chain polypeptides. Generally, antibodies comprise three CDRs in each of the VH

(CDR HI or HI; CDR H2 or H2; and CDR H3 or H3) and three in each of the VL (CDR
LIorLI; CDR L2 or L2; and CDR L3 or L3).

The identity of the amino acid residues in a particular polypeptide that make up a
variable region or a CDR can be determined using methods well known in the art and
include methods such as sequence variability as defined by Kabat et al. (See, e.g., Kabat
et al., 1992, Sequences of Proteins of Immunological Interest, 5th ed., Public Health
Service, NIH, Washington D.C.), location of the structural loop regions as defined by
Chothia et al. (see, e.g., Chothia et al., Nature 342:877-883, 1989.), a compromise
between Kabat and Chothia using Oxford Molecular's AbM antibody modeling software
(now Accelrys®, see, Martin et al., 1989, Proc. Natl Acad Sci USA. 86:9268; and world
wide web site www.bioinf-org.uk/abs), available complex crystal structures as defined
by the contact definition (see MacCallum et al., J. Mol. Biol. 262:732-745, 1996), the
"conformational definition" (see, e.g., Makabe et al., Journal of Biological Chemistry,
283:1156-1166, 2008) and IMGT [Lefranc MP, et al. (2003) IMGT unique numbering
for immunoglobulin and T cell receptor variable domains and Ig superfamily V-like
domains. Dev Comp Immunol 27: 55-77].

As used herein, the “variable regions” and "CDRs" may refer to variable regions
and CDRs defined by any approach known in the art, including combinations of
approaches.

According to a specific embodiment, the “variable regions” and "CDRs" refer to
variable regions and CDRs defined by the IMGT approach.

It will be appreciated that the proteins of the invention comprise native proteins
(either degradation products, synthetically synthesized peptides or recombinant
peptides) and peptidomimetics (typically, synthetically synthesized peptides), as well as
peptoids and semipeptoids which are peptide analogs, which may have, for example,
modifications rendering the peptides more stable while in a body, as long as the
function is essentially retained i.e., at least 80 % of the activity e.g., HER3 binding.
Such modifications include, but are not limited to N terminus modification, C terminus
modification, peptide bond modification, backbone modifications, and residue
modification. Methods for preparing peptidomimetic compounds are well known in the

art and are specified, for example, in Quantitative Drug Design, C.A. Ramsden Gd.,
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Chapter 17.2, F. Choplin Pergamon Press (1992), which is incorporated by reference as

if fully set forth herein.

According to a specific embodiment, the protein binds HER3 but does not bind
HER1, HER2 or HER4, as determined by FACS.

According to a specific embodiment, the protein binds the native form of HER3,
e.g., as determined by FACS (e.g., clone NG33).

According to a specific embodiment, the protein does not bind the denatured
form of HER3, e.g., as determined by Western Blot analysis (clone NG33).

According to a specific embodiment, the protein binds the denatured form of
HER3, e.g., as determined by Western Blot analysis and SDS-PAGE (clone NG83 as
evidenced in Figure 1E).

According to a specific embodiment, the protein binds the native and the
denatured form of HERS3, according to the measures described above (FACS and
Western blot).

The term "antibody" as used in this invention includes intact molecules as well
as functional fragments thereof, such as Fab, F(ab')2, Fv and a single chain Fv that are
capable of binding to macrophages. These functional antibody fragments are defined as
follows: (1) Fab, the fragment which contains a monovalent antigen-binding fragment
of an antibody molecule, can be produced by digestion of whole antibody with the
enzyme papain to yield an intact light chain and a portion of one heavy chain; (2) Fab',
the fragment of an antibody molecule that can be obtained by treating whole antibody
with pepsin, followed by reduction, to yield an intact light chain and a portion of the
heavy chain; two Fab' fragments are obtained per antibody molecule; (3) (Fab')2, the
fragment of the antibody that can be obtained by treating whole antibody with the
enzyme pepsin without subsequent reduction; F(ab')2 is a dimer of two Fab' fragments
held together by two disulfide bonds; (4) Fv, defined as a genetically engineered
fragment containing the variable region of the light chain and the variable region of the
heavy chain expressed as two chains; and (5) Single chain antibody ("SCA"), a
genetically engineered molecule containing the variable region of the light chain and the
variable region of the heavy chain, linked by a suitable polypeptide linker as a

genetically fused single chain molecule.
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According to a specific embodiment, the antibody is a monoclonal antibody of

any subtype e.g., IgG, IgM, IgA etc. According to a specific embodiment the antibody
is IgG1 or IgG4.

Anti HER3 antibodies of some embodiments of the present invention can be
selected from a plurality of antibodies (e.g., antibody library) and screening by testing at
least one of:

(1) binding human HER-3 with a Kp value of 10 nM or lower;

(i1) inhibiting neuregulin (NRG) binding to human HER3;

(ii1))  inhibiting NRG-induced cancer cell migration and proliferation;

(iv)  inhibiting NRG induced ERK and/or AKT activation;

(v) inducing HER3 degradation faster than NRG; and

(vi)  inducing HER3 internalization.

According to a specific embodiment, the antibody qualifies all (i)-(vi)
qualification criteria.

Methods of analyzing these properties are described in length hereinabove and
in the Examples section which follows.

Methods of producing polyclonal and monoclonal antibodies as well as
fragments thereof are well known in the art (See for example, Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1988,
incorporated herein by reference).

Antibody fragments according to some embodiments of the invention can be
prepared by proteolytic hydrolysis of the antibody or by expression in E. coli or
mammalian cells (e.g. Chinese hamster ovary cell culture or other protein expression
systems) of DNA encoding the fragment. Antibody fragments can be obtained by pepsin
or papain digestion of whole antibodies by conventional methods. For example,
antibody fragments can be produced by enzymatic cleavage of antibodies with pepsin to
provide a 5S fragment denoted F(ab')2. This fragment can be further cleaved using a
thiol reducing agent, and optionally a blocking group for the sulfthydryl groups resulting
from cleavage of disulfide linkages, to produce 3.5S Fab' monovalent fragments.
Alternatively, an enzymatic cleavage using pepsin produces two monovalent Fab'
fragments and an Fc fragment directly. These methods are described, for example, by

Goldenberg, U.S. Pat. Nos. 4,036,945 and 4,331,647, and references contained therein,
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which patents are hereby incorporated by reference in their entirety. See also Porter, R.

R. [Biochem. J. 73: 119-126 (1959)]. Other methods of cleaving antibodies, such as
separation of heavy chains to form monovalent light-heavy chain fragments, further
cleavage of fragments, or other enzymatic, chemical, or genetic techniques may also be
used, so long as the fragments bind to the antigen that is recognized by the intact
antibody.

Fv fragments comprise an association of VH and VL chains. This association
may be noncovalent, as described in Inbar et al. [Proc. Nat'l Acad. Sci. USA 69:2659-62
(19720]. Alternatively, the variable chains can be linked by an intermolecular disulfide
bond or cross-linked by chemicals such as glutaraldehyde. Preferably, the Fv fragments
comprise VH and VL chains connected by a peptide linker. These single-chain antigen
binding proteins (sFv) are prepared by constructing a structural gene comprising DNA
sequences encoding the VH and VL domains connected by an oligonucleotide. The
structural gene is inserted into an expression vector, which is subsequently introduced
into a host cell such as E. coli. The recombinant host cells synthesize a single
polypeptide chain with a linker peptide bridging the two V domains. Methods for
producing sFvs are described, for example, by [Whitlow and Filpula, Methods 2: 97-
105 (1991); Bird et al., Science 242:423-426 (1988); Pack et al., Bio/Technology
11:1271-77 (1993); and U.S. Pat. No. 4,946,778, which is hereby incorporated by
reference in its entirety.

Another form of an antibody fragment is a peptide coding for a single
complementarity-determining region (CDR). CDR peptides ("minimal recognition
units") can be obtained by constructing genes encoding the CDR of an antibody of
interest. Such genes are prepared, for example, by using the polymerase chain reaction
to synthesize the variable region from RNA of antibody-producing cells. See, for
example, Larrick and Fry [Methods, 2: 106-10 (1991)].

It will be appreciated that the CDR sequences described herein can be
implemented in a multispecific e.g., bispecific antibody configuration.

As used herein "bispecific" or "bifunctional" antibody, refers to an artificial
hybrid antibody having two different heavy/light chain pairs and two different binding
sites. Bispecific antibodies can be produced by a variety of methods including fusion of

hybridomas. See e.g., Songsivilai and Lachmann (1990) Clin. Exp. Immunol. 79:315-
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321; Kostelny et al. (1992) J. Immunol. 148:1547-1553. The bispecific antibody may

bind HER3 at one epitope (e.g., NG33) and another target which is expected to
cooperate with HER3 in biological processes, such as cell proliferation or Erk activation.

Thus, according to an exemplary embodiment, the bispecific antibody of the
invention binds HER3 (with the CDRs of NG33 described herein) and at least one other
HER family member such as EGFR, HER2 or HER4. Such antibodies are described in
length in WO2012/156975. Alternatively a trispecific configuration may target three
ErbB proteins in a single molecule e.g., EGFR, HER2 and HER3.

Alternatively, the bispecific antibody binds distinct epitopes on HER3 such as
NG33 and NG140 or NG83.

Humanized forms of non-human (e.g., murine) antibodies are chimeric
molecules of immunoglobulins, immunoglobulin chains or fragments thereof (such as
Fv, Fab, Fab', F(ab').sub.2 or other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human immunoglobulin. Humanized
antibodies include human immunoglobulins (recipient antibody) in which residues form
a complementary determining region (CDR) of the recipient are replaced by residues
from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity and capacity. In some instances, Fv framework
residues of the human immunoglobulin are replaced by corresponding non-human
residues. Humanized antibodies may also comprise residues which are found neither in
the recipient antibody nor in the imported CDR or framework sequences. In general, the
humanized antibody will comprise substantially all of at least one, and typically two,
variable domains, in which all or substantially all of the CDR regions correspond to
those of a non-human immunoglobulin and all or substantially all of the FR regions are
those of a human immunoglobulin consensus sequence. The humanized antibody
optimally also will comprise at least a portion of an immunoglobulin constant region
(Fc), typically that of a human immunoglobulin [Jones et al., Nature, 321:522-525
(1986); Riechmann et al., Nature, 332:323-329 (1988); and Presta, Curr. Op. Struct.
Biol., 2:593-596 (1992)].

Methods for humanizing non-human antibodies are well known in the art.
Generally, a humanized antibody has one or more amino acid residues introduced into it

from a source which is non-human. These non-human amino acid residues are often
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referred to as import residues, which are typically taken from an import variable

domain. Humanization can be essentially performed following the method of Winter
and co-workers [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature
332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)], by substituting
rodent CDRs or CDR sequences for the corresponding sequences of a human antibody.
Accordingly, such humanized antibodies are chimeric antibodies (U.S. Pat. No.
4,816,567), wherein substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in which some CDR residues and
possibly some FR residues are substituted by residues from analogous sites in rodent
antibodies.

Human antibodies can also be produced using various techniques known in the
art, including phage display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381
(1991); Marks et al., J. Mol. Biol., 222:581 (1991)]. The techniques of Cole et al. and
Boerner et al. are also available for the preparation of human monoclonal antibodies
(Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985) and
Boerner et al., J. Immunol., 147(1):86-95 (1991)). Similarly, human antibodies can be
made by introduction of human immunoglobulin loci into transgenic animals, e.g., mice
in which the endogenous immunoglobulin genes have been partially or completely
inactivated. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans in all respects, including gene rearrangement, assembly,
and antibody repertoire. This approach is described, for example, in U.S. Pat. Nos.
5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following
scientific publications: Marks et al., Bio/Technology 10: 779-783 (1992); Lonberg et
al., Nature 368: 856-859 (1994); Morrison, Nature 368 812-13 (1994); Fishwild et al.,
Nature Biotechnology 14, 845-51 (1996); Neuberger, Nature Biotechnology 14: 826
(1996); and Lonberg and Huszar, Intern. Rev. Immunol. 13, 65-93 (1995).

According to a specific embodiment, the protein is generated using recombinant
DNA techniques. Thus there is provided a method of producing the isolated polypeptide
described herein, comprising culturing a host cell expressing the polypeptide so that the

polypeptide is produced.
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To this end a polynucleotide encoding the protein is introduced into a nucleic

acid construct suitable for recombinant expression and introduced into the host cell.
Such a polynucleotide will comprise the nucleic acid sequences encoding the CDRs.
Examples of such nucleic acid sequences are provided in SEQ ID NOs: 21-22, 31-32,
41-42 or 23-28, 33-38, 43-48.

A host cell comprising a nucleic acid sequence encoding the polypeptide of the
invention is also contemplated herein. The host cell may be a primary cell or a cell-line.
According to a specific embodiment the host cell is a hybridoma cell.

According to a specific embodiment, the protein is isolated (purified) from the
culture.

According to specific embodiments, the isolated recombinant polypeptide is
essentially free from contaminating cellular components such as carbohydrate, lipid or
other impurities.

Methods for isolation and purification of polypeptides are well known in the art,
see for example Chromatography, 5™ edition, Part A: Fundamentals and Techniques,
Heftmann, E. (ed), Elsevier Science Publishing Company, New York, (1992);
Advanced Chromatographic and Electromigration Methods in Biosciences, Deyl, Z.
(ed.), Elsevier Science B V, Amsterdam, The Netherlands, (1998); Chromatography
Today, Poole, C. F., and Poole, S. K., Elsevier Science Publishing Company, New
York, (1991); Scopes, Protein Purification: Principles and Practice (1982); Sambrook,
J., et al. (ed), Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989; or Current Protocols in
Molecular Biology, Ausubel, F. M., et al. (eds), John Wiley & Sons, Inc., New York.

According to specific embodiments, at least 80 %, at least 90 %, at least 95 % or
at least 99 % of the total protein in the preparation is the recombinant polypeptide of
interest.

According to specific embodiments, the isolated recombinant polypeptide is
purified to a pharmaceutically acceptable purity.

Methods for evaluating protein purity are well known in the art and include
SEC-HPLC, peptide mapping, SDS gel analysis and ELISA for specific contaminants.

The proteins (e.g., antibodies) of the invention can be used in a variety of clinical

applications. By virtue of their high affinity to HER3 they can be used in diagnostic
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applications and in personalized treatments which require the testing of HER3

expression.

Accordingly, the protein is attached to a heterologous moiety e.g., a
pharmaceutical agent.

As used herein the term “heterologous moiety” refers to a chemical substance
which is non-native to the protein e.g., antibody.

As used herein a pharmaceutical agent can be a pharmaceutical agent e.g., drug
(used in therapy or research) or a detectable moiety (used in diagnosis or research).

As used herein “drug” refers to a therapeutically active ingredient such as a small
molecule (e.g., chemotherapy), a protein, a lipid, a carbohydrate or a combination of
same.

According to a specific embodiment, the pharmaceutical agent comprises a
cytotoxic agent.

According to a further specific embodiment, the cytotoxic agent is an
enzymatically active toxin.

Enzymatically active toxins and fragments thereof which can be used include
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain
(from Pseudomonas aeruginosa); ricin A chain, abrin A chain, modeccin A chain, alpha-
sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI,
PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis
inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes.
Methods of conjugating the toxin are described in US 20130209495.

According to a further specific embodiment, the cytotoxic agent is a
chemotherapeutic agent or a radioactive isotope.

According to a specific embodiment, the chemotherapy is a tyrosine kinase
inhibitor.

As used herein the term “tyrosine kinase inhibitors (TKIs)” refers to a small
molecule capable of inhibiting an ErbB signaling pathway. Typically, TKIs
contemplated herein may be categorized to four groups: (1) ATP-competitive inhibitors,
which bind predominantly to the ATP-binding site of the kinase when this site is in the
active conformation; (2) inhibitors that recognize and bind to the non-active

conformation of the ATP-binding site of the kinase, thus making activation energetically
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unfavorable; (3) allosteric inhibitors, that bind outside of the ATP-binding site,

modifying the tridimensional structure of the receptor and disrupting the interaction
between the ATP and the kinase pocket; and (4) covalent inhibitors, that bind
irreversibly by covalently bonding to the ATP-binding site of the target kinase. The TKI
can be specific to a specific ErtbB family member or can inhibit multiple ErbB family
members. The TKI can recognize wild type ErbB family member and/or a mutated
ErbB family member.

Non limiting examples of TKI include erlotinib HCL (OSI1-774; Tarceva®; OSI
Pharma), gefitinib (Iressa®, AstraZeneca and Teva), lapatinib (Tykerb®,
GlaxoSmithKline), canertinib (CI-1033, PD183805; Pfizer), PKI-166 (Novartis);
PD158780; pelitinib; and AG 1478 (4-(3-Chloroanillino)-6,7-dimethoxyquinazoline),
vandetanib (Zactima, ZD6474), imatinib mesylate (STIS71; Gleevec), semaxinib
(SU5416), vatalanib (PTK787/ZK222584), sorafenib (BAY 43-9006), sutent
(SU11248), leflunomide (SU101), perlitinib (EKB-569), neratinib (HKI-272), afatinib,
dacomitinib, AZD9291, rociletinib (CO-1686), HM61713 and WZ4002.

According to a specific embodiment, the TKI is pan-ErbB inhibitor, i.e.,
inhibiting more than one receptor in the family, such as lapatinib.

According to specific embodiments, the TKI is an irreversible TKI. Non-
limiting examples of irreversible TKIs include perlitinib (EKB-569), neratinib (HKI-
272), canertinib (CI-1033), vandetanib (ZD6474), afatinib and dacomitinib.

According to specific embodiments, the irreversible TKI is typically used when
the cancer exhibit resistance to a reversible first generation TKI such as erlotinib,
gefitinib and lapatinib.

According to specific embodiments, the TKI binds an ErbB receptor having a
mutation in a kinase domain of said receptor such as but not limited to the T790M
mutation in the EGFR kinase domain. Non-limiting examples of TKIs that bind and
inhibit mutated ErbB receptor include WZ4({2, AZD9291, rociletinib (CO-1686) and
HM61713 that binds and inhibits mutated EGF-R. According to specific embodiments
the TKI does not bind a wild-type ErbB receptor (e.g. EGF-R).

According to specific embodiments, the TKI is selected from the group

consisting of perlitinib (EKB-569), neratinib (HKI-272), canertinib (CI-1033),
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vandetanib (ZD6474), afatinib, dacomitinib, AZD9291, rociletinib (CO-1686),

HM61713 and WZ4002.
According to specific embodiments, the TKI is AZD9291.
Other chemotherapeutic agents which can be used in accordance with the
5  present teachings (either as a conjugate with the protein e.g., antibody, or used together

as a co-formulation or separate formulations) are listed in Table 1 below.

Table 1: Chemotherapeutic Agents Useful in Neoplastic Disease !

Class Type of Agent Name Disease ?
Alkylating Nitrogen Mechlorethamine Hodgkin's disease, non-Hodgkin's
Agents Mustards (HN ) lymphomas
Cyclophosphamide Acute and chronic lymphocytic
Ifosfamide leukemias, Hodgkin's disease,

non-Hodgkin's lymphomas,
multiple myeloma,
neuroblastoma, breast, ovary,
lung, Wilms' tumor, cervix,
testis, soft-tissue sarcomas

Melphalan Multiple myeloma, breast, ovary

Chlorambucil Chronic lymphocytic leukemia,
primary macroglobulinemia,
Hodgkin's disease, non-
Hodgkin's lymphomas

Estramustine Prostate

Ethylenimines Hexamethyl— Ovary

and melamine

Methylmelamines Thiotepa Bladder, breast, ovary

Alkyl Busulfan Chronic granulocytic leukemia

Sulfonates

Nitrosoureas Carmustine Hodgkin's disease, non-Hodgkin's
lymphomas, primary brain
tumors, multiple myeloma,
malignant melanoma

Lomustine Hodgkin's disease, non-Hodgkin's
lymphomas, primary brain
tumors, small-cell lung

Semustine Primary brain tumors, stomach,
colon

Streptozocin Malignant pancreatic insulinoma,
malignant carcinoid

Triazenes Dacarbazine Malignant melanoma, Hodgkin's

Procarbazine disease, soft-tissue sarcomas
Aziridine
Antimetabolites Folic Acid Methotrexate + lymphocytic leukenia,

Analogs Trimetrexate choriocarcinoma, mycosis
fungoides, breast, head and
neck, lung, osteogenic sarcoma

Pyrimidine Fluorouracil Breast, colon, stomach,
pancreas,

Analogs Floxuridine ovary, head and neck, urinary
bladder, premalignant skin
lesions (topical)

Cytarabine Acute granulocytic and acute

Purine Analogs Azacitidine lymphocytic leukemias

and Related Mercaptopurine + lymphocytic, acute

Inhibitors granulocytic, and chronic

granulocytic leukemias
Thioguanine Acute granulocytic, acute
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Pentostatin

Fludarabine

Vinblastine (VLB)

Vincristine

Vindesine

Etoposide
Teniposide

Dactinomycin

Daunorubicin

Doxorubicin
47—
Deoxydoxorubicin

Bleomycin

Plicamycin
Mitomycin

Asparaginase
Docetaxel
Paclitaxel
Interferon Alfa

Tumor Necrosis
Factor

Tumor—
Infiltrating
Lymphocytes
Cisplatin
Carboplatin

Mitoxantrone
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lymphocytic, and chronic
granulocytic leukemias

Hairy cell leukemia, mycosis
fungoides, chronic lymphocytic
leukemia

Chronic lymphocytic leukemia,
Hodgkin's and non-Hodgkin's
lymphomas, mycosis fungoides
Hodgkin's disease, non-Hodgkin's
lymphomas, breast, testis

Acute lymphocytic leukemia,
neuroblastoma, Wilms' tumor,
rhabdomyosarcoma, Hodgkin's
disease, non-Hodgkin's
lymphomas, small-cell lung
Vinca-resistant acute lymphocytic
leukemia, chronic myelocytic
leukemia, melanoma, lymphomas,
breast
Testis, small-cell lung and other
lung, breast, Hodgkin's

disease, non-Hodgkin's
lymphomas, acute granulocytic
leukemia, Kaposi's sarcoma
Choriocarcinoma, Wilms' tumor,
rhabdomyosarcoma, testis,
Kaposi's sarcoma

Acute granulocytic and acute
lymphocytic leukemias
Soft-tissue, osteogenic, and
other sarcomas; Hodgkin's
disease, non-Hodgkin's
lymphomas, acute leukemias,
breast, genitourinary, thyroid,
lung, stomach, neuroblastoma
Testis, head and neck, skin,
esophagus, lung, and
genitourinary tract;

Hodgkin's disease, non-
Hodgkin's lymphomas

Testis, malignant hypercalcemia
Stomach, cervix, colon, breast,
pancreas, bladder, head and
neck

Acute lymphocytic leukemia
Breast, ovarian

Hairy cell leukemia, Kaposi's
sarcoma, melanoma, carcinoid,
cell, ovary, bladder,
non-Hodgkin's lymphomas,
mycosis fungoides, multiple
myeloma, chronic granulocytic
leukemia

Investigational

Investigational

Testis, ovary, bladder, head and
neck, lung, thyroid, cervix,
endometrium, neuroblastoma,
osteogenic sarcoma

Acute granulocytic leukemia,
breast
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Substituted Hydroxyurea Chronic granulocytic leukemia,
Urea polycythemia vera, essential
thrombocytosis, malignant
melanoma
Methyl Procarbazine Hodgkin's disease
Hydrazine
Derivative
Adrenocortical Mitotane Adrenal cortex
Suppressant Aminoglutethimide Breast
Hormones and Acute and chronic lymphocytic
Antagonists costeroids leukemias, non-Hodgkin's
lymphomas, Hodgkin's disease,
breast
Progestins Hydroxy- Endometrium, breast
progesterone
caproate
Medroxy—
progesterone
acetate
Megestrol acetate
Estrogens Diethylstil-— Breast, prostate
bestrol
Ethinyl estradiol
Antiestrogen Tamoxifen
Androgens tosterone
propionate
Fluoxymesterone
Antiandrogen Flutamide Prostate
Gonadotropin- Leuprolide Prostate, Estrogen-receptor-
Releasing Goserelin positive breast
hormone
analog

10

15

20

1 Adapted from Calabresi, P., and B. A. Chabner, "Chemotherapy of

Neoplastic Diseases" Section XII, pp 1202-1263 in: Goodman and Gilman's

The Pharmacological Basis of Therapeutics, Eighth ed., 1990 Pergamin

Press, Inc.; and Barrows, L. R., "Antineoplastic and Immunoactive Drugs",

Chapter 75, pp 1236-1262, in: Remington: The Science and Practice of

Pharmacy, Mack Publishing Co. Easton, PA, 1995.; both references are

incorporated by reference herein, in particular for treatment protocols.
Neoplasms are carcinomas unless otherwise indicated.

Various types of detectable or reporter moieties may be conjugated to the
proteins of the invention. These include, but not are limited to, a radioactive isotope
(such as [125]iodine), a phosphorescent chemical, a chemiluminescent chemical, a
fluorescent chemical (fluorophore), an enzyme, a fluorescent polypeptide, an affinity
tag, and molecules (contrast agents) detectable by Positron Emission Tomagraphy
(PET) or Magnetic Resonance Imaging (MRI).

Examples of suitable fluorophores include, but are not limited to, phycoerythrin
(PE), fluorescein isothiocyanate (FITC), Cy-chrome, rhodamine, green fluorescent
protein (GFP), blue fluorescent protein (BFP), Texas red, PE-Cy5, and the like. For

additional guidance regarding fluorophore selection, methods of linking fluorophores to

various types of molecules see Richard P. Haugland, “Molecular Probes: Handbook of
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Fluorescent Probes and Research Chemicals 1992-1994”, 5th ed., Molecular Probes,

Inc. (1994); U.S. Pat. No. 6,037,137 to Oncoimmunin Inc.; Hermanson, “Bioconjugate
Techniques”, Academic Press New York, N.Y. (1995); Kay M. et al, 1995.
Biochemistry 34:293; Stubbs er al., 1996. Biochemistry 35:937; Gakamsky D. et al.,
“Evaluating Receptor Stoichiometry by Fluorescence Resonance Energy Transfer,” in
“Receptors: A Practical Approach,” 2nd ed., Stanford C. and Horton R. (eds.), Oxford
University Press, UK. (2001); U.S. Pat. No. 6,350,466 to Targesome, Inc. Fluorescence
detection methods which can be used to detect the antibody when conjugated to a
fluorescent detectable moiety include, for example, fluorescence activated flow
cytometry (FACS), immunofluorescence confocal microscopy, fluorescence in-situ
hybridization (FISH) and fluorescence resonance energy transfer (FRET).

Numerous types of enzymes may be attached to the antibody of the invention
[e.g., horseradish peroxidase (HPR), beta-galactosidase, and alkaline phosphatase (AP)]
and detection of enzyme-conjugated antibodies can be performed using ELISA (e.g., in
solution), enzyme-linked immunohistochemical assay (e.g., in a fixed tissue), enzyme-
linked chemiluminescence assay (e.g., in an electrophoretically separated protein
mixture) or other methods known in the art [see e.g., Khatkhatay MI. and Desai M.,
1999. J Immunoassay 20:151-83; Wisdom GB., 1994. Methods Mol Biol. 32:433-40;
Ishikawa E. ef al., 1983. J Immunoassay 4:209-327; Oellerich M., 1980. J Clin Chem
Clin Biochem. 18:197-208; Schuurs AH. and van Weemen BK., 1980. J Immunoassay
1:229-49).

An affinity tag (or a member of a binding pair) can be an antigen identifiable by
a corresponding antibody [e.g., digoxigenin (DIG) which is identified by an anti-DIG
antibody) or a molecule having a high affinity towards the tag [e.g., streptavidin and
biotin]. The antibody or the molecule which binds the affinity tag can be fluorescently
labeled or conjugated to enzyme as described above.

Various methods, widely practiced in the art, may be employed to attach a
streptavidin or biotin molecule to the antibody of the invention. For example, a biotin
molecule may be attached to the antibody of the invention via the recognition sequence
of a biotin protein ligase (e.g., BirA) as described in the Examples section which
follows and in Denkberg, G. et al, 2000. Eur. J. Immunol. 30:3522-3532.

Alternatively, a streptavidin molecule may be attached to an antibody fragment, such as
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a single chain Fv, essentially as described in Cloutier SM. er al., 2000. Molecular

Immunology 37:1067-1077; Dubel S. et al., 1995. ] Immunol Methods 178:201; Huston
JS. et al., 1991. Methods in Enzymology 203:46; Kipriyanov SM. et al., 1995. Hum
Antibodies Hybridomas 6:93; Kipriyanov SM. er al., 1996. Protein Engineering 9:203;
Pearce LA. er al., 1997. Biochem Molec Biol Intl 42:1179-1188.

Functional moieties, such as fluorophores, conjugated to streptavidin are
commercially available from essentially all major suppliers of immunofluorescence
flow cytometry reagents (for example, Pharmingen or Becton-Dickinson).

Alternatively or additionally, the proteins can be attached (or conjugated) to non-
proteinacious moieties which increase their bioavailability and half-life in the
circulation.

The phrase “non-proteinaceous moiety” as used herein refers to a molecule not
including peptide bonded amino acids that is attached to the above-described protein.
Exemplary non-proteinaceous and preferably non-toxic moieties which may be used
according to the present teachings include, but are not limited to, polyethylene glycol
(PEG), Polyvinyl pyrrolidone (PVP), poly(styrene comaleic anhydride) (SMA), and
divinyl ether and maleic anhydride copolymer (DIVEMA).

Such a molecule is highly stable (resistant to in-vivo proteolytic activity probably
due to steric hindrance conferred by the non-proteinaceous moiety) and may be
produced using common solid phase synthesis methods which are inexpensive and
highly efficient, as further described hereinbelow. However, it will be appreciated that
recombinant techniques may still be used, whereby the recombinant peptide product is
subjected to in-vitro modification (e.g., PEGylation as further described hereinbelow).

Thus, such non-proteinaceous non-toxic moieties may also be attached to the
above mentioned proteins to promote stability and possibly solubility of the molecules.

Bioconjugation of such a non-proteinaceous moiety (such as PEGylation) can
confer the proteins amino acid sequence with stability (e.g., against protease activities)
and/or solubility (e.g., within a biological fluid such as blood, digestive fluid) while
preserving its biological activity and prolonging its half-life.

Bioconjugation is advantageous particularly in cases of therapeutic proteins
which exhibit short half-life and rapid clearance from the blood. The increased half-lives

of bioconjugated proteins in the plasma results from increased size of protein conjugates
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(which limits their glomerular filtration) and decreased proteolysis due to polymer steric

hindrance. Generally, the more polymer chains attached per peptide, the greater the
extension of half-life. However, measures are taken not to reduce the specific activity of
the protein of the present invention (e.g., HER3 binding).

Bioconjugation of the protein with PEG (i.e., PEGylation) can be effected using
PEG derivatives such as N-hydroxysuccinimide (NHS) esters of PEG carboxylic acids,
monomethoxyPEG,-NHS, succinimidyl ester of carboxymethylated PEG (SCM-PEG),
benzotriazole carbonate derivatives of PEG, glycidyl ethers of PEG, PEG p-nitrophenyl
carbonates (PEG-NPC, such as methoxy PEG-NPC), PEG aldehydes, PEG-orthopyridyl-
disulfide, carbonyldimidazol-activated PEGs, PEG-thiol, PEG-maleimide. Such PEG
derivatives are commercially available at various molecular weights [See, e.g., Catalog,
Polyethylene Glycol and Derivatives, 2000 (Shearwater Polymers, Inc., Huntsvlle,
Ala.)]. If desired, many of the above derivatives are available in a monofunctional
monomethoxyPEG (mPEG) form. In general, the PEG added to the anti HER3 antibody
amino acid sequence of the present invention should range from a molecular weight
(MW) of several hundred Daltons to about 100 kDa (e.g., between 3-30 kDa). Larger
MW PEG may be used, but may result in some loss of yield of PEGylated peptides. The
purity of larger PEG molecules should be also watched, as it may be difficult to obtain
larger MW PEG of purity as high as that obtainable for lower MW PEG. It is preferable
to use PEG of at least 85 % purity, and more preferably of at least 90% purity, 95%
purity, or higher. PEGylation of molecules is further discussed in, e.g., Hermanson,
Bioconjugate Techniques, Academic Press San Diego, Calif. (1996), at Chapter 15 and
in Zalipsky et al., "Succinimidyl Carbonates of Polyethylene Glycol,” in Dunn and
Ottenbrite, eds., Polymeric Drugs and Drug Delivery Systems, American Chemical
Society, Washington, D.C. (1991).

Various conjugation chemistries of activated PEG such as PEG-maleimide, PEG-
vinylsulfone (VS), PEG-acrylate (AC), PEG-orthopyridyl disulfide can be employed.
Methods of preparing activated PEG molecules are known in the arts. For example,
PEG-VS can be prepared under argon by reacting a dichloromethane (DCM) solution of
the PEG-OH with NaH and then with di-vinylsulfone (molar ratios: OH 1: NaH 5:
divinyl sulfone 50, at 0.2 gram PEG/mL DCM). PEG-AC is made under argon by
reacting a DCM solution of the PEG-OH with acryloyl chloride and triethylamine (molar
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ratios: OH 1: acryloyl chloride 1.5: triethylamine 2, at 0.2 gram PEG/mL DCM). Such

chemical groups can be attached to linearized, 2-arm, 4-arm, or 8-arm PEG molecules.
It will be appreciated that the antibodies of the invention may be produced using
recombinant DNA technology (where a polynucleotide encoding the antibody of the
invention is introduced into an appropriate host cell where the antibody is synthesized.
Exemplary sequences are provided in SEQ ID NOs: 21-22, 31-32, 41-42 or 23-28, 33-
38, 43-48.

Typically for diagnostic and research purposes the protein (e.g., antibody) is
immobilized to a solid phase (e.g., ELISA plate).

When needed and in the absence of an adequate ADCC activity, it may be
desirable to modify the antibody of the invention with respect to effector function, so as
to enhance the effectiveness of the protein in treating cancer, for example. For example
in the case of the protein being an antibody, cysteine residue(s) may be introduced in
the Fc region, thereby allowing interchain disulfide bond formation in this region. The
homodimeric antibody thus generated may have improved internalization capability
and/or increased complement-mediated cell killing and antibody-dependent cellular
cytotoxicity (ADCC). See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes,
B. J. Immunol. 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-
tumor activity may also be prepared using heterobifunctional cross-linkers as described
in Wolff et al. Cancer Research 53:2560-2565 (1993). Alternatively, an antibody can be
engineered which has dual Fc regions and may thereby have enhanced complement
lysis and ADCC capabilities. See Stevenson et al. Anti-Cancer Drug Design 3:219-230
(1989).

The high affinity of the present protein to HER3 renders it an important tool for
clinical and research applications.

Thus according to an aspect of the invention there is provided a method of
determining presence of HER3 polypeptide in a cell suspected of containing the HER3
polypeptide, the method comprising contacting the cell with the isolated polypeptide as
described herein (e.g., having the CDRs of NG33) under conditions which allow
formation of an immunocomplex comprising the HER3 polypeptide and the isolated
polypeptide, and determining presence or level of said immunocomplex, thereby

determining presence of HER3 polypeptide in the cell.
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Accordingly, there is also provided an immunocomplex as described above for

the diagnosis of a HER3-associated medical condition. In these cases, a biological
sample suspected of comprising HER3 (either in cells or in cell lysates) is provided. As
used herein “a biological sample” refers to, body fluids such as whole blood, serum,
plasma, cerebrospinal fluid, urine, lymph fluids, and various external secretions of the
respiratory, intestinal and genitourinary tracts, tears, saliva, milk as well as white blood
cells, malignant tissues, amniotic fluid and chorionic villi. Alternatively for research
applications, the biological sample may comprise primary cells or cell lines which may
be cancerous.

Methods of detecting presence or level of an immunocomplex are well known in
the art and include, but are not limited to ELISA and immunoblotting.

The protein(s) e.g., having the CDRs of NG33, NG140 or NG83 may be packed
in a kit with further instructions for using the isolated polypeptide to detect a HER3
polypeptide.

Thus, according to an aspect of the invention there is provided a method of
treating a HER3 associated medical condition in a subject in need thereof, the method
comprising administering to the subject a therapeutically effective amount of the isolated
polypeptide, thereby treating the HER3 associated medical condition.

Alternatively, there is provided use of the isolated polypeptide in the
manufacture of a medicament identified for treating a HER3 associated medical
condition.

Alternatively, there is provided the isolated polypeptide in the treatment of a
HER3 associated medical condition, i.e., condition that would benefit from treatment
with the protein e.g., anti-ErbB3 antibody.

These include chronic and acute disorders or diseases including those
pathological conditions which predispose the mammal to the disorder in question.
Generally, the disorder will be one in which excessive activation of the HER2-HER3 or
EGFR-HER3 protein complex is occurring.

According to a specific embodiment, the HER3 associated medical condition is a
hyperproliferative disease.

According to a specific embodiment, the hyperproliferative disease is cancer.
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Non-limiting examples of disorders to be treated herein include benign and

malignant tumors; leukemias and lymphoid malignancies; neuronal, glial, astrocytal,
hypothalamic and other glandular, macrophagal, epithelial, stromal and blastocoelic
disorders; and inflammatory, angiogenic and immunologic disorders.

The terms "cancer" and "cancerous" refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of cancer
include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia.
More particular examples of such cancers include squamous cell cancer, small-cell lung
cancer, non-small cell lung cancer (NSCLC), gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,
breast cancer, colon cancer, colorectal cancer, endometrial carcinoma, salivary gland.

According to a specific embodiment, the cancer is selected from the group
consisting of melanoma, breast cancer, ovarian cancer, renal carcinoma,
gastrointestinal/colon cancer, lung cancer, clear cell sarcoma and prostate cancer.

According to specific embodiments, the cancer is an NSCLC.

According to a specific embodiment, the cancer exhibits autocrine NRG-induced
signaling.

According to specific embodiments, the cancer is a tyrosine kinase inhibitor
(TKI) resistant cancer.

As used herein, the phrase “resistance to a tyrosine kinase inhibitor (TKI)” refers
to non-responsiveness to TKI treatment as may be manifested by tumor size, in-vitro
activity assays and/or patient survival.

According to a specific embodiment, resistance refers to no amelioration in
disease symptoms or progression according to a regulatory agency guidelines (e.g.,
FDA) for the specific TKI used. Resistance to treatment can be primary resistance or
acquired resistance.

According to specific embodiments the resistance is an acquired resistance.

As used herein the term “acquired resistance” refers to progression of resistance
following initial positive response to therapy.

According to specific embodiments the patient further exhibits resistance to an

anti-ErbB monoclonal such as but not limited to anti-EGFR (e.g. cetuximab).
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The main known molecular mechanism of acquired resistance to TKIs include

mutations in the e.g. EGFR kinase domain, including T790M; gene amplification, such
as MET, leading to overproduction of the TK; over-expression of RTK ligands that
mediates uncontrolled tumor cells activation; modification of signaling pathways, such
as PTEN instability that mediates constitutive Akt activation; and increased efflux or
decreased influx of TKIs from the cancer cell, mediated by membrane transporters such
as MDR1 or hOCT]1 [see e.g. Chen and Fu, Acta Pharmaceutica Sinica B, (2011) 1(4):
197-207].

Thus, according to a specific embodiment, the cancer cells express an ErbB
receptor having a mutation in a kinase domain of said receptor.

Methods of analyzing sequence alterations such as in the kinase domain of an
ErbB are well known in the art, basically including analysis (e.g., by PCR and
sequencing) of genomic DNA, or cDNA encoding the ErbB using a biological sample
obtained from the subject exhibiting the resistance (e.g., biopsy). Analysis at the
polypeptide level can also be done such as using antibodies which specifically recognize
the mutated form of the protein and not the wild-type form. Analysis at the protein level
can also be done by an activity assay.

Such biological samples include, but are not limited to, body fluids such as
whole blood, serum, plasma, cerebrospinal fluid, urine, lymph fluids, and various
external secretions of the respiratory, intestinal and genitourinary tracts, tears, saliva,
milk as well as white blood cells, malignant tissues, amniotic fluid and chorionic villi.

According to one embodiment the sample comprises a fluid, such as for
example, blood, plasma, saliva etc.

The sample may comprise cells including, but not limited to blood cells, bone
marrow cells, pancreatic cells, lung cells, hepatic cells, spleen cells, kidney cells,
cardiac cells, ovarian cells, breast tissue cells, skin cells (e.g., epithelial cells,
fibroblasts, keratinocytes), lymph node cells.

According to a particular embodiment the cells comprise cancer cells. Such
cells can be obtained using methods known in the art, including, but not limited to, fine
needle biopsy, needle biopsy, core needle biopsy and surgical biopsy (e.g., lung biopsy),
buccal smear and lavage.

Mutations in the kinase domain of the receptor may alter the kinase activity.
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According to specific embodiments, the mutation does not substantially affect a

kinase activity of said ErbB.

As used herein, the term “substantially affect” refers to an un-altered kinase
activity (+/- 10 %, or 20 %) in the presence of absence of the mutation.

Determining the kinase activity can be achieved using methods well known in
the art, such as Western-blot and in-vitro kinase assay.

Non limiting examples of mutations in a kinase domain of an ErbB include the
following EGFR mutations: G719C, G719S, L858R, L861Q, T790M and an exon 20
insertion; and the T798M mutation in HER2.

According to specific embodiments the mutation comprises the T790M mutation.

As used herein, the term “T790M” refers to a substitution of Threonine to
Methionine at position 790 (T790M) in the EGFR kinase domain. This substitution was
shown to preserve (i.e., not substantially affect) the kinase activity of the receptor.

The present teachings suggest the use of the isolated polypeptides disclosed
herein in combination with other proteins targeting additional members of the ErbB
family such as anti-EGFR and anti-HER?2 antibodies.

According to another aspect of the present invention there is provided the
isolated polypeptide of the present invention and at least one antibody specifically
binding an ErbB family member selected from the group consisting of EGFR, HER2 and
HER4 for use in treating a HER3 associated medical condition.

According to specific embodiments, the ErbB family member is selected from
the group consisting of EGFR and HER?2.

The antibody, which binds the ErbB family member, may comprise a mono-
specific antibody and/or a multi-specific antibody as further disclosed hereinbelow. The
at least one antibody may be to a single target or to a plurality of targets

According to specific embodiments the at least one antibody comprises an anti-
EGFR antibody and an anti-HER2 antibody.

According to specific embodiments, the anti-EGFR comprises cetuximab.

As used herein the term “cetuximab”, trademarked as Erbitux®, refers to an
immunotherapy drug that contains the active ingredient cetuximab, an anti-EGF-R
monoclonal antibody

According to specific embodiments, the anti-HER2 comprises Trastuzumab.
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As used herein the tem “Trastuzumab”, trademarked as Hercelon or Herceptin®,

refers to an immunotherapy drug that contains the active ingredient Trastuzumab, an
anti-HER2 monoclonal antibody.

Thus, the combination may comprise, NG33, trastuzumab and cetuximab.

According to an aspect of the invention, there is provided a method of treating a
subject having cancer exhibiting a resistance to a tyrosine kinase inhibitor (TKI),
wherein said TKI is directed to an ErbB family member and wherein cells of the cancer
express said ErbB family member, the method comprising administering to the subject a
therapeutically effective amount of antibodies comprising an anti-EGFR antibody, an
anti-HER2 antibody and an anti-HER3 antibody, wherein:

(1) said anti-EGFR antibody comprises cetuximab; and said anti-HER3
antibody comprises an antigen recognition domain having complementarity determining
region (CDR) amino acid sequences as set forth in: SEQ ID NOs: 1 (CDR1), 2 (CDR2)
and 3 (CDR3), (sequentially arranged from N to C on a light chain of said polypeptide)
and 4 (CDR1), 5 (CDR2) and 6 (CDR3) (sequentially arranged from N to C on a heavy
chain of said polypeptide) (Clone NG33);

(i1) said anti-HER2 antibody comprises trastuzumab; and said anti-HER3
antibody comprises an antigen recognition domain an antigen recognition domain having
complementarity determining region (CDR) amino acid sequences as set forth in: SEQ
ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from N to C on a
light chain of said polypeptide) and 4 (CDRI1), 5 (CDR2) and 6 (CDR3) (sequentially
arranged from N to C on a heavy chain of said polypeptide) (Clone NG33); and/or

(iii))  said anti-EGFR antibody comprises cetuximab, said anti-HER?2 antibody
comprises trastuzumab; and said anti-HER3 antibody comprises an antigen recognition
domain an antigen recognition domain having complementarity determining region
(CDR) amino acid sequences as set forth in: SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3
(CDR3), (sequentially arranged from N to C on a light chain of said polypeptide) and 4
(CDR1), 5 (CDR2) and 6 (CDR3) (sequentially arranged from N to C on a heavy chain
of said polypeptide) (Clone NG33),

thereby treating the resistance to a tyrosine kinase inhibitor (TKI) of an ErbB

family member in a subject.
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As shown in the Examples section which follows the present inventors have

shown that treatment with NG33, anti-EGFR and anti-HER?2 antibodies in combination
with low dose AZD-9291 TKI had an improved anti-tumor effect on erlotinib resistant
NSCLC tumors as compared to the triple mAb therapy or to a high dose AZD-9291
therapy. Thus, the present invention further contemplates a combined treatment
comprising the isolated polypeptide of the present invention, anti-EGFR and anti-HER2
antibodies and TKI.

According to specific embodiments, the TKI is the TKI which the cancer exhibits
resistance to.

According to other specific embodiments, the TKI is a TKI which the cancer
exhibits sensitivity to (i.e. an additional TKI which is different from the TKI which the
cancer exhibits resistance to). The additional TKI can inhibit the same ErbB family
member(s) or another ErbB family member(s) targeted by the TKI the cancer exhibits
resistance to.

Administration can be effected concomitantly with administration of the
antibodies or following administration of the antibodies.

The TKI may be administered at a gold standard dosing as a single agent, below
a gold standard dosing as a single agent or above a gold standard dosing as a single
agent.

According to specific embodiments, the TKI is administered below gold standard
dosing as a single agent.

As used herein the term “gold standard dosing” refers to the dosing which is
recommended by a regulatory agency (e.g., FDA), for a given tumor at a given stage.

According to other specific embodiments the TKI is administered at a dose that
does not exert at least one side effect which is associated with the gold standard dosing.
Non-limiting examples of side effects of a TKI treatment include skin rash, diarrhea,
mouth sores, paronychia, fatigue, hyperglycemia, hepatotoxicity, kidney failure,
cardiovascular effects, electrolytes anomalies and GI perforations.

According to an aspect of the present invention there is provided a method of
treating a subject having cancer exhibiting a resistance to a tyrosine kinase inhibitor
(TKI), wherein said TKI is directed to an ErbB family member and wherein cells of the

cancer express said ErbB family member, the method comprising administering to the
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subject a therapeutically effective amount of an additional TKI, a therapeutically

effective amount of the isolated polypeptide of the present invention and a
therapeutically effective amount of at least one antibody specifically binding EGFR and
HER?2, wherein said additional TKI is different from said TKI and wherein said cancer
does not exhibit resistance to said additional TKI.

The combinations of the isolated polypeptides and the antibodies and/or the TKI
described herein have combined improved anti tumor activity. As used herein the phrase
"combined improved anti tumor activity" refers to at least additive but also
synergistically improved anti tumor activity as explained hereinabove.

The present teachings further contemplate analyzing expression of the HER3
and/or NRG in cells of said cancer, wherein an expression above a predetermined
threshold is indicative that the subject may benefit from the treatment.

As used herein “a predetermined threshold” refers to an mRNA or protein
expression which is higher than in cells of the same type being non-tumorigenic.

As used herein the term "subject” refers to a mammal, preferably a human
subject. According to specific embodiments the subject suffers from the pathology (e.g.
HER3 associated medical condition e.g. cancer). According to specific embodiments,
the subject suffer from cancer exhibiting a resistance to a tyrosine kinase inhibitor
(TKI), wherein said TKI is directed to an ErbB family member and wherein cells of the
cancer express said ErbB family member.

As used herein the term "treating" refers to alleviating or diminishing a
symptom associated with a disease (e.g., cancerous disease). Preferably, treating means
cures, €.g., substantially eliminates, the symptoms associated with the disease.

The protein e.g., antibody or antibody combinations (e.g., NG33 and optionally
NG140, NG83 or XC252 or antibodies to other HER members e.g., EGFR, HER2)
and/or TKI of the present invention can be administered to an organism per se, or in a
pharmaceutical composition where they are mixed with suitable carriers or excipients
(either individually or in a co-formulation).

The antibodies may be formulated each in a different formulation, two in one
formulation and the other one in a separate formulation, or all in the same formulation.

According to specific embodiments, the pharmaceutical composition further

comprises as an active ingredient a TKI.
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According to specific embodiments, the active ingredients are in a co-

formulation.

According to other specific embodiments, the active ingredients are in separate
formulations.

As used herein, a "pharmaceutical composition” refers to a preparation of one or
more of the active ingredients described herein with other chemical components such as
physiologically suitable carriers and excipients. The purpose of a pharmaceutical
composition is to facilitate administration of a compound to an organism.

As used herein, the term "active ingredient" refers to the protein accountable for
the intended biological effect (e.g., antibody or antibody combinations (e.g., NG33 and
optionally NG140, NG83 or antibodies to other HER members e.g., HER2).

Hereinafter, the phrases "physiologically acceptable carrier" and
"pharmaceutically acceptable carrier”, which may be used interchangeably, refer to a
carrier or a diluent that does not cause significant irritation to an organism and does not
abrogate the biological activity and properties of the administered compound. An
adjuvant is included under these phrases.

Herein, the term "excipient" refers to an inert substance added to a
pharmaceutical composition to further facilitate administration of an active ingredient.
Examples, without limitation, of excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable
oils, and polyethylene glycols.

Techniques for formulation and administration of drugs may be found in the
latest edition of “Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton,
PA, which is herein fully incorporated by reference.

Suitable routes of administration may, for example, include oral, rectal,
transmucosal, especially transnasal, intestinal, or parenteral delivery, including
intramuscular, subcutaneous, and intramedullary injections, as well as intrathecal, direct
intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injections.

Alternately, one may administer the pharmaceutical composition in a local rather
than systemic manner, for example, via injection of the pharmaceutical composition

directly into a tissue region of a patient.
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Pharmaceutical compositions of the present invention may be manufactured by

processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping, or
lyophilizing processes.

Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing of
the active ingredients into preparations that can be used pharmaceutically. Proper
formulation is dependent upon the route of administration chosen.

For injection, the active ingredients of the pharmaceutical composition may be
formulated in aqueous solutions, preferably in physiologically compatible buffers such
as Hank’s solution, Ringer’s solution, or physiological salt buffer. For transmucosal
administration, penetrants appropriate to the barrier to be permeated are used in the
formulation. Such penetrants are generally known in the art.

For oral administration, the pharmaceutical composition can be formulated
readily by combining the active compounds with pharmaceutically acceptable carriers
well known in the art. Such carriers enable the pharmaceutical composition to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions,
and the like, for oral ingestion by a patient. Pharmacological preparations for oral use
can be made using a solid excipient, optionally grinding the resulting mixture, and
processing the mixture of granules, after adding suitable auxiliaries as desired, to obtain
tablets or dragee cores. Suitable excipients are, in particular, fillers such as sugars,
including lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for
example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth,
methyl cellulose, hydroxypropylmethyl-cellulose, and sodium carbomethylcellulose;
and/or physiologically acceptable polymers such as polyvinylpyrrolidone (PVP). If
desired, disintegrating agents, such as cross-linked polyvinyl pyrrolidone, agar, or
alginic acid or a salt thereof, such as sodium alginate, may be added.

Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions may be used which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, titanium dioxide, lacquer solutions, and

suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to
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the tablets or dragee coatings for identification or to characterize different combinations

of active compound doses.

Pharmaceutical compositions that can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. The push-fit capsules may contain the active ingredients in
admixture with filler such as lactose, binders such as starches, lubricants such as talc or
magnesium stearate, and, optionally, stabilizers. In soft capsules, the active ingredients
may be dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or
liquid polyethylene glycols. In addition, stabilizers may be added. All formulations for
oral administration should be in dosages suitable for the chosen route of administration.

For buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner.

For administration by nasal inhalation, the active ingredients for use according
to the present invention are conveniently delivered in the form of an aerosol spray
presentation from a pressurized pack or a nebulizer with the use of a suitable propellant,
e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro-tetrafluoroethane, or
carbon dioxide. In the case of a pressurized aerosol, the dosage may be determined by
providing a valve to deliver a metered amount. Capsules and cartridges of, for example,
gelatin for use in a dispenser may be formulated containing a powder mix of the
compound and a suitable powder base, such as lactose or starch.

The pharmaceutical composition described herein may be formulated for
parenteral administration, e.g., by bolus injection or continuous infusion. Formulations
for injection may be presented in unit dosage form, e.g., in ampoules or in multidose
containers with, optionally, an added preservative. The compositions may be
suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing, and/or dispersing agents.

Pharmaceutical compositions for parenteral administration include aqueous
solutions of the active preparation in water-soluble form. Additionally, suspensions of
the active ingredients may be prepared as appropriate oily or water-based injection
suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame
oil, or synthetic fatty acid esters such as ethyl oleate, triglycerides, or liposomes.

Aqueous injection suspensions may contain substances that increase the viscosity of the
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suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally,

the suspension may also contain suitable stabilizers or agents that increase the solubility
of the active ingredients, to allow for the preparation of highly concentrated solutions.

Alternatively, the active ingredient may be in powder form for constitution with
a suitable vehicle, e.g., a sterile, pyrogen-free, water-based solution, before use.

The pharmaceutical composition of the present invention may also be
formulated in rectal compositions such as suppositories or retention enemas, using, for
example, conventional suppository bases such as cocoa butter or other glycerides.

Pharmaceutical compositions suitable for use in the context of the present
invention include compositions wherein the active ingredients are contained in an
amount effective to achieve the intended purpose. More specifically, a "therapeutically
effective amount” means an amount of active ingredients (e.g., a nucleic acid construct)
effective to prevent, alleviate, or ameliorate symptoms of a disorder (e.g., ischemia) or
prolong the survival of the subject being treated.

Determination of a therapeutically effective amount is well within the capability
of those skilled in the art, especially in light of the detailed disclosure provided herein.

For any preparation used in the methods of the invention, the dosage or the
therapeutically effective amount can be estimated initially from in vitro and cell culture
assays. For example, a dose can be formulated in animal models to achieve a desired
concentration or titer. Such information can be used to more accurately determine useful
doses in humans. Since administration of the antibody combination is expected to
produce improved results over the administration of single antibodies, the
therapeutically effective dose of each of the antibodies in the combined treatment may
be for example less than 50 %, 40 %, 30 %, 20 % or even less than 10 % the of the FDA
approved dose.

Since administration of the antibody and TKI combination is expected to produce
improved results over the administration of TKI as a monotherapy, the therapeutically
effective dose of the TKI in the combined treatment may be for example less than 50 %,
40 %, 30 %, 20 % or even less than 10 % the of the FDA approved dose.

Toxicity and therapeutic efficacy of the active ingredients described herein can
be determined by standard pharmaceutical procedures in vitro, in cell cultures or

experimental animals. The data obtained from these in vitro and cell culture assays and
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animal studies can be used in formulating a range of dosage for use in human. The

dosage may vary depending upon the dosage form employed and the route of
administration utilized. The exact formulation, route of administration, and dosage can
be chosen by the individual physician in view of the patient's condition. (See, e.g.,
Fingl, E. et al. (1975), "The Pharmacological Basis of Therapeutics,” Ch. 1, p.1.)

Dosage amount and administration intervals may be adjusted individually to
provide sufficient plasma or brain levels of the active ingredient to induce or suppress
the biological effect (i.e., minimally effective concentration, MEC). The MEC will vary
for each preparation, but can be estimated from in vitro data. Dosages necessary to
achieve the MEC will depend on individual characteristics and route of administration.
Detection assays can be used to determine plasma concentrations.

Depending on the severity and responsiveness of the condition to be treated,
dosing can be of a single or a plurality of administrations (e.g., weekly or bi-weekly
administrations) of the antibody or antibody combinations (e.g., NG33 and optionally
NG140, NG83 or antibodies to other HER members e.g., HER2), with course of
treatment lasting from several days to several weeks, or until cure is effected or
diminution of the disease state is achieved.

The amount of a composition to be administered will, of course, be dependent
on the subject being treated, the severity of the affliction, the manner of administration,
the judgment of the prescribing physician, etc.

Typically used models for analyzing the effect of the agents described herein on
tumors are provided infra.

Suitable cells for use in animal models and in vitro analyses include but are not
limited to:

Lung cancer:

LKR - 13, LKR - 10, NSCLC, H1437, H1299, H3255, H1819, H4006, HCCS827,
HCC2279;

An animal lung tumor model expressing a T790M mutated EGFR is described
e.g. in Regales et al. PLoS ONE (2007) 2:e810 and Politi et al. Genes Dev. (2006)
20:1496-1510.

Suitable cells for use in animal models and in vitro analyses include but are not

limited to H1975, PCY9ER, H820, HCC827 and H1650.
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Breast

BT-474;

Head and Neck cancer:

HNS, PCi 15B, PCI 37°, 4PCISSC 103;

Ovarian cancer:

OvCar3, SKOV, TOV112;

Compositions of the present invention may, if desired, be presented in a pack or
dispenser device, such as an FDA-approved kit, which may contain one or more unit
dosage forms containing the active ingredient. According to a specific embodiment,
there is provided a kit comprising the isolated polypeptide (e.g., having the CDRs of
NG33 and optionally other antibodies as described herein) and optionally a
pharmaceutical agent, as described herein. The pack may, for example, comprise metal
or plastic foil, such as a blister pack. The pack or dispenser device may be accompanied
by instructions for administration. The pack or dispenser device may also be
accompanied by a notice in a form prescribed by a governmental agency regulating the
manufacture, use, or sale of pharmaceuticals, which notice is reflective of approval by
the agency of the form of the compositions for human or veterinary administration.
Such notice, for example, may include labeling approved by the U.S. Food and Drug
Administration for prescription drugs or of an approved product insert. Compositions
comprising a preparation of the invention formulated in a pharmaceutically acceptable
carrier may also be prepared, placed in an appropriate container, and labeled for
treatment of an indicated condition, as further detailed above.

According to specific embodiments, the article of manufacture or kit further
comprises antibodies to other HER members e.g. EGFR, HER2.

According to specific embodiments the article of manufacture or kit further
comprises TKI.

According to specific embodiments, the antibodies (e.g., antibody or antibody
combinations e.g., NG33 and optionally NG140, NG83 or antibodies to other HER
members e.g., EGFR, HER2) and/or TKI of the present invention may be packaged in
separate containers.

As used herein, the term “separate containers” refers to at least two containers.
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The packaging material may comprise at least one, at least two or at least three

containers for packaging the antibodies. According to specific embodiments the
packaging material comprises at least two containers for packaging the antibodies and
optionally the TKI.

It will be appreciated that the antibodies (e.g., antibody or antibody
combinations e.g., NG33 and optionally NG140, NG83 or antibodies to other HER
members e.g., EGFR, HER2) and/or TKI of the present invention can be provided to the
individual with additional active agents to achieve an improved therapeutic effect as
compared to treatment with the antibodies alone. In such therapy, measures (e.g.,
dosing and selection of the complementary agent) are taken to adverse side effects
which may be associated with combination therapies.

Administration of such combination therapy can be simultaneous, such as in a
single capsule having a fixed ratio of these active agents, or in multiple capsules for
each agent.

Thus, for example, the antibodies of the present invention can be administered
along with analgesics, chemotherapeutic agents (e.g., anthracyclins), radiotherapeutic
agents, hormonal therapy and other treatment regimens (e.g., surgery) which are well
known in the art.

According to a specific embodiment, the method comprising administering to the
subject an additional polypeptide, wherein such that said polypeptide comprises the
CDRs of clone NG33 and said additional polypeptide comprises the CDRs of clone
NG140 or NG83.

The protein of the invention e.g., anti-HER3 Ab e.g., NG33, disclosed herein
may also be formulated as immunoliposomes. Liposomes containing the antibody are
prepared by methods known in the art, such as described in Epstein et al., Proc. Natl.
Acad. Sci. USA, 82:3688 (1985); Hwang et al., Proc. Natl Acad. Sci. USA, 77:4030
(1980); and U.S. Pat. Nos. 4,485,045 and 4,644,646. Liposomes with enhanced
circulation time are disclosed in U.S. Pat. No. 6,013,566.

Particularly useful liposomes can be generated by the reverse phase evaporation
method with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-
derivatized phosphatidylethanolamine (PEG-PE). Liposomes are extruded through

filters of defined pore size to yield liposomes with the desired diameter. Fab' fragments
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of the antibody of the present invention can be conjugated to the liposomes as described

in Martin et al. J. Biol. Chem. 267: 286-288 (1982) via a disulfide interchange reaction.
A chemotherapeutic agent (such as Doxorubicin) is optionally contained within the
liposome. See Gabizon et al. J. National Cancer Inst. 81(19)1484 (1989).

Alternatively or additionally, the antibody of the present invention may also be
used in ADEPT by conjugating the antibody to a prodrug-activating enzyme which
converts a prodrug (e.g. a peptidyl chemotherapeutic agent, see WO81/01146) to an
active anti-cancer drug. See, for example, WO 88/07378 and U.S. Pat. No. 4,976,278.

As used herein the term “about” refers to = 10 %.

The terms "comprises”, "comprising”, "includes”, "including", “having” and
their conjugates mean "including but not limited to".

The term “consisting of” means “including and limited to”.

The term "consisting essentially of” means that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the
additional ingredients, steps and/or parts do not materially alter the basic and novel
characteristics of the claimed composition, method or structure.

As used herein, the singular form "a", "an" and "the" include plural references
unless the context clearly dictates otherwise. For example, the term "a compound” or
"at least one compound" may include a plurality of compounds, including mixtures
thereof.

Throughout this application, various embodiments of this invention may be
presented in a range format. It should be understood that the description in range format
is merely for convenience and brevity and should not be construed as an inflexible
limitation on the scope of the invention. Accordingly, the description of a range should
be considered to have specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example, description of a range such
as from 1 to 6 should be considered to have specifically disclosed subranges such as
from 1to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well
as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited

numeral (fractional or integral) within the indicated range. The phrases “ranging/ranges
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between” a first indicate number and a second indicate number and “ranging/ranges

from” a first indicate number “to” a second indicate number are used herein
interchangeably and are meant to include the first and second indicated numbers and all
the fractional and integral numerals therebetween.

As used herein the term "method" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,
means, techniques and procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners of the chemical,
pharmacological, biological, biochemical and medical arts.

When reference is made to particular sequence listings, such reference is to be
understood to also encompass sequences that substantially correspond to its
complementary sequence as including minor sequence variations, resulting from, e.g.,
sequencing errors, cloning errors, or other alterations resulting in base substitution, base
deletion or base addition, provided that the frequency of such variations is less than 1 in
50 nucleotides, alternatively, less than 1 in 100 nucleotides, alternatively, less than 1 in
200 nucleotides, alternatively, less than 1 in 500 nucleotides, alternatively, less than 1
in 1000 nucleotides, alternatively, less than 1 in 5,000 nucleotides, alternatively, less
than 1 in 10,000 nucleotides.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.

Various embodiments and aspects of the present invention as delineated
hereinabove and as claimed in the claims section below find experimental support in the

following examples.
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EXAMPLES

Reference is now made to the following examples, which together with the above
descriptions illustrate some embodiments of the invention in a non limiting fashion.

Generally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual” Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-1II Ausubel, R. M., ed.
(1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and Sons,
Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John
Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific
American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659
and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III Cellis, J. E., ed.
(1994); "Culture of Animal Cells - A Manual of Basic Technique" by Freshney, Wiley-
Liss, N. Y. (1994), Third Edition; "Current Protocols in Immunology" Volumes I-11I
Coligan J. E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology" (8th
Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected
Methods in Cellular Immunology", W. H. Freeman and Co., New York (1980);
available immunoassays are extensively described in the patent and scientific literature,
see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578;
3,853,987; 3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345;
4,034,074; 4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide
Synthesis" Gait, M. J., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and
Higgins S. J., eds. (1985); "Transcription and Translation" Hames, B. D., and Higgins
S. J., eds. (1984); "Animal Cell Culture" Freshney, R. L., ed. (1986); "Immobilized
Cells and Enzymes" IRL Press, (1986); "A Practical Guide to Molecular Cloning"
Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-317, Academic Press; "PCR
Protocols: A Guide To Methods And Applications", Academic Press, San Diego, CA
(1990); Marshak et al., "Strategies for Protein Purification and Characterization - A
Laboratory Course Manual" CSHL Press (1996); all of which are incorporated by
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reference as if fully set forth herein. Other general references are provided throughout

this document. The procedures therein are believed to be well known in the art and are
provided for the convenience of the reader. All the information contained therein is

incorporated herein by reference.

MATERIALS AND METHODS

Antibodies and Reagents- mAbs XC252 and XC90 were generated as described
in Chen X, et al. (1996) The Journal of biological chemistry 271(13):7620-7629 . SEQ
ID NOs: 49 and 53 depict the heavy and light chain amino acid sequences of the XC252
antibody, respectively. SEQ ID NOs: 50-52 depict amino acid sequences of CDRI,
CDR2 and CDR3, respectively, sequentially arranged from N to C on a heavy chain of
the XC252 antibody; and SEQ ID NOs: 54-56 depict amino acid sequences of CDRI,
CDR2 and CDR3, respectively, sequentially arranged from N to C on a light chain of
the XC252 antibody. mAbs 9F7 and 16D3 are described in (34) (IRCM, INSERM-
U896, Montpellier France). Trastuzumab was from Genentech. For western blotting,
anti-HER3, anti-AKT and anti-ERK were from Santa Cruz Biotechnology; anti-pAKT
and anti-pHER3 antibodies were from Cell Signaling Technology. Antibodies against
pERK, was kindly provided by Rony Seger. The secondary Abs used for isotyping
were purchased from SouthernBiotech. NRG labeled with the d2 dye was kindly
provided by CisBio (Bagnols-sur-Ceze, France). Lumi4d® Tb is a trademark of
Lumiphore Inc. Unless indicated, materials were from Sigma. Cetuximab and
trastuzumab were purcahsed from Merck and Roche, respectively. AZD-9291 and CO-
1686 were obtained from Selleckchem Cat#S7297 and Cat#S7284, respectively.

Cell lines- The human pancreatic carcinoma (BxPC3), ovarian carcinoma
(OVCAR-5), breast cancer (T47D, SKBR-3, MCF-7), gastric cancer (NCI-N87), head
and neck cancer (CAL-27), lung cancer (A549, NCI-H1935, NCI-H322M) cells lines
were from ATCC (Rockville, MD). The NIH/3T3-R1, -R2, -R2R3, -R3, -R1R4 and
BXPC3-Luc cells were provided by C. Larbouret (IRCM, INSERM-US896,
MontpellierGaborit et al., 2011 Apr 1;286(13):11337-45). Ovarian and lung cancer cells
were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium. Other cells
were cultured in Dulbecco's modified Eagle's medium (DMEM). Media were

supplemented as recommended by ATCC, usually with 10 % fetal calf serum (FCS)
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(Life Technologies). The H1975 (ATCC; NCI-H1975_CRL-5908) lung cancer cell line

(EGFR mutations: L858R and T790M, ATCC; Rockville, MD), PC9 and erlotinib-
resistant PC9ER lung cancer cells (del746-750 + T790M) (described in de Bruin, et al.
Cancer discovery 4, 606-619 (2014); published online EpubMay (10.1158/2159-
8290.CD-13-0741) were maintained in RPMI-1640 supplemented with 10 % FCS (Life
technology) and antibiotics. PCYER cells resistant to AZD-9291, denoted as PCOER-
AZDR cells were generated by incubating PC9ER cells with AZD-9291 for three
months. The dose, initially provided at 0.5 nM, was increased every 4 days per 1.5 fold
up to 2.5 uM.

Production of IgB3- To produce IgB3 (recombinant HER3 extracellular domain
fused to a human IgG Fc domain), the cDNA sequence was picked from the already
made plasmid pCDM?7-1gB3 (33). IgB3 cDNA sequence was cloned into the pENTR/D-
TOPO vector, before processing to recombination into the pLenti6/V5-DEST vector
(Invitrogen), following the vendor recommendation. The stop codon was maintained in
order to avoid the V5-Tag. HEK-293FT cells were co-transfected using Jet-PEI
(Polyplus) with the pLenti6-IgB3 vector and the ViraPower™ Packaging Mix
(Invitrogen). Following 3 days in culture, the supernatant containing the lentiviral
particles was used to infect HEK-293 cells. A stable cell line was established out of the
infected cells by further selection with Blasticidine (10 pg / ml). The HEK-293/IgB3
cells were then maintained in DMEM-1 % FCS for 6 days at 32 °C. The supernatant
was then loaded on an Agarose-Protein G column (2 ml). Following intensive washes
with PBS, the IgB3 protein was eluted from the column using 0.1 M glycine buffer (pH
2.7). The more concentrated fractions were pooled and dialysed for 24 h against PBS
buffer.

Generation of monoclonal mAbs to HER3. Immunization of Balb/c mice with
IgB3, fusion between NSO myeloma cells and splenocytes from IgB3-immunized mice,
and the subsequent hybridoma subcloning was performed as previously described (33).
Hybridoma supernatant screening, using ELISA, was performed on 96 well-plates
coated with IgB3 (1 pg/ml) or with Panitumumab (1 pg/ml) to detect and subtract the
non-specific antibodies directed to the human IgG Fc domain. The plates were blocked
with PBS-1 % BSA (weight/vol) and incubated for 1 h with hybridoma supernatants,
followed by a second incubation for lh with HRP-labeled anti-mouse IgG and
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subsequently detected using 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid).

The OD at 415nm was then measured using an ELISA microplate reader. The second
step of the screening was performed by immunoprecipitation. Anti-mouse IgG agarose
beads were incubated first with 100 pl of hybridoma supernatant and subsequently with
whole cell lysate from HER3-expressing T47D cells. The mAbs directed to HER3 were
then isotyped using the SBA Clonotyping System/HRP kit (SouthernBiotech). Large
quantities of mAbs were produced by purification from hybridoma supernatant
maintained in DCCM-2 medium supplemented with 1% FCS and loading on an
Agarose-protein G column.

Western blot analysis. Cells were grown under specified conditions or treated as
indicated. Following the cells were washed twice with cold PBS and scraped into lysis
buffer [SO mM Hepes (pH 7.5), 10 % glycerol, 150 mM NaCl, 1 % Triton X-100, 1 mM
EDTA, 1 mM EGTA, 10 mM NaF, 0.1 mM Na3VO4, and a complete protease inhibitor
cocktail]. Thereafter, lysates were centrifuged at 14,000g for 15 minutes at 4 °C. The
supernatant was used for subsequent procedures. Western blot analyses were conducted
following protein separation using gel electrophoresis and transfer to nitrocellulose
membranes. Immunoblotting was performed according to the antibody manufacturers’
recommendation. Blocking was done using 5 % milk in PBST (0.5 % Tween20 Sigma
Cat#P9416). Antibody binding to membrane blots was detected using horseradish
peroxidase—secondary antibodies (Jackson ImmunoResearch Laboratories), followed by
treatment with ECL Western blotting detection reagents (GE Healthcare).

Flow Cytometry. NIH/3T3-R2R3 cells were trypsinized and washed twice in
PBS-1% BSA (weight/vol). The cells were then incubated for 1h at 4 °C with the mAbs
directed to EGFR, HER2, HER3 or HER4 (10 pg/ml). After 2 washes with PBS-1 %
BSA, the cells were incubated for 1h at 1 °C with the anti-mouse Ab coupled to
AlexaFluor 488. The anti-HER mAb capacity to bind the indicated HER at the cell
surface was correlated with the fluorescence intensity measured using the LSRII flow
cytometer. For internalization assays, N87 cells were incubated for different time
intervals with NG33 mAb (10 pg/ml). Following trypsination and washing in saline
containing albumin (1 mg/ml), cells were incubated for 30 minutes at 4 °C in the dark
with a non-competitive human anti-HER3 mAb (clone 1B4C3, BioLegend) labeled with

Phycoerythrin (PE). Fluorescence intensity signals of 10,000 cells per sample were
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determined using the LSRII flow cytometer.

Tag-lite® HER3 binding assay. Tag-lite Plasmid coding for HER3 fused with
SNAP-tag® (CISbio bioassays) is transiently expressed into HEK 293. Cells were
plated and labeled 24 hours after transfection with the Tag-lite SNAP-Lumi4™-Tb
(donor - CISbio bioassays). Antibodies (100 ul at 1 to 2 mg/ml) were labeled with d2
dye (acceptor). A set of sixteen two-fold serial dilutions spanning from 0.006 nM of
labeled Ab (Ab-d2) were prepared from a 200 nM stock solution in Tag-lite labeling
medium. The highest final concentration in the wells (50 nM) corresponded to the stock
solution. The specific signal was obtained by mixing cells (10,000 HEK293-HER3-
SNAP- Lumi4™-Tb cells in 10 pl / well), 5 pL. Ab-d2 from the serial dilution and 5 pL.
Tag-lite labeling medium. The non-specific signal was obtained by mixing 10 pL of
cells with SuL of corresponding unlabeled antibody (300 nM) and SuLL. Ab-d2 conjugate
from the serial dilution. Eventually, the blank was performed by mixing 10 pl of cells
with 10 pl of Taglite Buffer. All the different conditions were performed in triplicate.
After overnight incubation (20 °C) Time resolved Fluorescence was measured on
Pherastar FS Flash lamp and E665/E620 Ratio was computed. The Ratio E665/E620
values were plotted against antibody concentration to generate the binding curve on
GraphPad Prism.

Antibody-Dependent Cellular Cytotoxicity (ADCC) assay. ADCC was evaluated
with a luciferase-activity assay. Using 96-well white plates, BXPC3-luc (4,000
cells/well) were pre-incubated for 30 min with the indicated antibodies. Ficoll-purified
human peripheral blood mononuclear cells (PBMCs) from buffy coat were then added
at a 10:1 effector to target cell ratio (E:T). Following 24 h of incubation at 37 °C, the
supernatant was removed and luciferine (Promega, WI) added on the cells.
Bioluminescence was determined using the Wallac Trilux 1450 Microbeta liquid
scintillation and luminescence counter (Perkin-Elmer, MA). Percentage of cellular
cytotoxicity was calculated using the following formula: percentage of specific lysis =
[bioluminescence in experimental point - basal bioluminescence]/[bioluminescence in
total lysis — basal bioluminescence] x 100. Basal bioluminescence was obtained when
Bxpc3-Luc cells were incubated with hPBMC alone and bioluminescence in total lysis

was obtained following a 30 min incubation of BXPC3-Luc with SDS (0.1%).
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Competition Assays. Agent labeling was performed by Cisbio. NG33 and

XC252 were labeled with Lumi4® Tb cryptate (K2) and NRG with the d2 dye.
Antibody competition assays were performed in 96-well black plate coated with IgB3
(1.5 pg/ml). Following blocking with PBS-1% BSA (w/v), plates were incubated for 1
h with various concentrations of competing agents under gentle shaking at RT. The
labeled mAb, NG33-K2 or X(C252-K2, was then added at 1 nM final concentration.
Following 1 h incubation, the plate was washed 4 times with KREBS buffer (146 mM
NaCl, 4 mM KCl, 0.5 mM MgCl,, 1 mM CaCl,, 10 mM Hepes, 1 gt/L glucose, and 1
mg/mL albumin), and the fluorescent intensity (excitation: 488 nm, emission: 610 nm)
was measured using a fluorescence microplate reader. NRG competition assay was
performed with NIH/3T3-R2R3 cells plated in 96-well black plate (50,000 cells per
well) and incubated for 24 h in full medium. Following overnight serum starvation, the
cells were washed with 100 pl of KREBS buffer and incubated with increasing
concentrations of competitors for 45 min at 4 °C. Following addition of NRG-d2 (10
nM), the cells were incubated for 45 additional minutes at 4 °C. Finally, following two
washes with KREBS buffer, the fluorescence intensity was measured at 670 nm
(excitation: 620 nm).

Cell Proliferation Assays. Cell proliferation and survival was assessed using the
3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl tetrazolium bromide (MTT) assay (Sigma
Cat#M2003). Cells were plated on 96-well plates (2,000-5,000 cells/well) in triplicates.
After one day, the cells were treated with various treatments in fresh medium or
starvation medium supplemented with NRG (between 10 pg/ml to 100 ng/ml). After 3-
4 days, the MTT reagent was added to the cells, and 1 h later the formazan crystals were
dissolved in SDS-DMF solution for 30 minutes. Absorbance was measured using a
microplate reader, Biorad Model 680, at 570 nm.

Migration assays. OVCAR-5 cells (1x106 cells/well) were seeded in the upper
compartment of migration chambers (Transwell, Corning). The lower compartment
was filled with medium supplemented with NRG (10 ng/ml) in the absence or presence
of mAb NG33 (10 pg/ml). Following 24 hours, cells that reached the lower side of the
filter were fixed, permeabilized with Triton X-100 (0.1%), and stained with GIEMSA
solution. Images were quantified by using ImageJ.

Tumorigenic Growth in Mice. All animal studies were approved by the
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Weizmann Institute’s Review Board (IRB). Tumor bearing CD1/nude mice were

randomized in groups of five-ten mice and injected subcutaneously in the right flank
with cancer cells (3-5 x 10° per mouse depending on the cell line). mAbs were injected
intraperitoneally at a total dose of 200 pg per mouse per injection, twice a week, for 5
weeks or until tumors reached the size of 1,500 mm’. In experiments evaluating the
effect of the TKI AZD-9291, Vehicle (Vehicle formulation: HPMC 0.5% (sigma
Cat#56340), Tween80 0.1 % (Sigma Cat #P8074 in water), Erlotinib at a dose of 50
mg/kg per injection, or AZD9291 at a dose of 1 or 5 mg/kg per injection were injected
daily intraperitoneally. In one experiment (Figure 16), mice were treated daily with
Erlotinib at a dose of 50 mg/kg per injection until tumors reached a size of 800 mm® and
only then were treated as indicated. Tumor volume and body weight were evaluated

twice and once per week, respectively. Mice were euthanized when tumor size reached

1,500 mm3. Few of the tumors were harvested from mice at the indicated time points
and taken for further evaluation. Survival of the tumor bearing mice was recorded and

depicted by Kaplan-Meier analysis.

Data and Statistical Analysis- FACS data were represented using the FlowJo
software. The other data were represented using the Prism GraphPad software and

statistical analysis was performed using this same software.

EXAMPLE 1
GENERATION OF MONOCLONAL ANTIBODIES AGAINST THE
EXTRACELLULAR DOMAIN OF HER3

In order generate novel antibodies to HER3 (33), a HEK-293 cell derivative
stably secreting a fusion protein combining the HER3 extracellular domain and the Fc
domain of a human IgG1 (IgB3; Figure 1A) was generated. IgB3 was purified from
conditioned media using protein A chromatography and its purity was confirmed by gel
electrophoresis. Mice were immunized repeatedly with IgB3 and were then used for
hybridoma generation. To select hybridomas producing antibodies directed to HER3
and to differentiate them from those producing antibodies directed to the Fc domain,
hybridoma supernatants were screened by ELISA on IgB3-coated microplates and

negative selection was performed on human IgG-coated microplate (Figure 1B).
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Hybridomas secreting antibodies able to recognize both IgB3 and IgG molecules were

considered as Fc domain specific, hence excluded. The hybridoma supernatants
presenting antibodies able to bind specifically with IgB3 were checked further for their
capacity to bind with the native form of HER3 by an immunoprecipitation assay (Figure
1C), and the corresponding positive hybridomas were then subcloned. Twelve positive
antibodies were selected. Partial nucleotide sequencing of cDNAs encoding the heavy
chain and the light chain of the antibodies identified four distinct groups of antibodies.
These antibodies were isotyped and identified as IgG1 molecules with kappa chains
(Figure 1D). The subsequent studies employed six mAbs: 4 from the new generation
and 2 from the previous generation (33). In order to find an antibody useful to perform
primary immuno-detection of HER3 during a western-blot experiment, the different
antibodies directed to HER3 were screened. As shown in Figure 1E, NG83 was found

as the best reagent for western blotting, able to recognize the denatured form of HER3.

EXAMPLE 2
THE GENERATED MONOCLONAL ANTIBODIES TO IgB3 RECOGNIZE
SPECIFICALLY AND WITH HIGH AFFINITY THE NATIVE FORM OF HER3

The comparison of the capacity of purified mAbs to bind with IgB3 was
evaluated using ELISA (Figure 2A). The EC50 of the mAb for IgB3-binding (using
microplate precoated with 50 ul of IgB3; 1 pg/ml) ranged between 0.21 nM (XC252) to
16.8 nM (NG140). Next, the ability of the antibodies to bind to the native form of the
receptor using FACS and NIH/3T3-R2R3 cells which co-overexpress ectopic HER2 and
HER3 (34) was compared (Figures 2B and 2C). Here the affinities differed from one
antibody to another. To define the affinity of each antibody for HER3 the Tag lite®
technology (Figures 3A-E) was used. Each antibody was labeled with the d2-dye, and
by measuring the binding of the labeled-mAb to cells presenting Lumi4(Tb)-labeled
HER3 using FRET, the K was determined and reported in Table 2, below. The values
obtained correlate with the different patterns of HER3 binding determined by FACS
(Figures 2B and 2C), although they are distinct from the patterns of IgB3 binding
determined using ELISA (Figure 2A). As expected, it was impossible to determine the
affinity of mAb NG533, because its ability to bind with the native form of HER3 is
barely detectable using either FACS (Figures 2B and 2C) or immunoprecipitation
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(Figure 2D). The specificity of the antibodies to HER3 and not to the other members of

the EGFR family was shown using FACS comparison of their ability to bind with
engineered NIH/3T3-HER cells presenting either EGFR alone, HER2 alone, HER3
alone or EGFR and HER4 (Figures 4A-B).

mAbs Ko (aM)  S.D. (nM)

NG33 2.96 {1.66
NGR3 >34 -
NGI40 6.12 -
MN(S33 HH. -
X0 2.30 0.02
X252 1.09 0.17

Table 2: Kd determination of indicated mAb to HER3 using the Tag-Lite
technology. Cells were transfected with HER3-SNAP-Tag and labeled withBG-
Lumi4(Tb), a SNAP-tag subtract. Following incubation with increasing concentrations
of indicated d2 labeled mAb directed to HER3, the Kd was determined from the binding
curve fitting. The binding curve was obtained by measuring the FRET between the

donor Lumi4(Tb) and the acceptor d2-dye. un. = undetermined.

EXAMPLE 3

SPECIFIC MONOCLONAL ANTIBODIES TRIGGER HER3 DEGRADATION,

INTERNALIZATION AND CELL-MEDIATED CYTOTOXICITY

The capacity of the mAbs to decrease abundance of HER3 was determined using
western blotting. Gastric cancer N87 cells were treated for 3 h with each mAb (10
ug/ml) and HER3 expression levels were analyzed using western blotting (Figure 5A).
The results and their quantification are shown in Figure 5B. NG33 induced a strong
HER3 degradation, similar to the one obtained using another HER3 specific mAb,
16D3, which was previously reported (34) (data not shown). XC90 and XC252 mAbs
also caused HER3 degradation, but their impact was weaker. As shown, NG533 is able
to bind IgB3 with a good affinity but it presents a slight affinity for the native form of

HER3 (as noticed by the FACS experiment or immunoprecipitation). Considering its
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minor binding to HER3, which is enough to provoke ADCC, it is suggested that this

mAb may be a strong inducer of ADCC.

Next, cell dependence effect on HER3 degradation was determined by testing
additional different cancer cell lines. Similar patterns of receptor degradation were
observed in the other cell lines (Figures 5C and 6). As with N87 cells, the strongest
HER3 degradation signal was obtained using NG33 mAb. Next, the pattern of HER3
degradation using NG33 (10 pg/ml) was compared to the signal obtained using NRG
(20 ng/ml) (Figures 7A-B). Interestingly, NG33 induced faster and higher HER3
degradation than NRG. In addition, flow cytometry analysis demonstrated that
treatment of N87 cells with NG33 (10 pg/ml) induced HER3 receptor internalization
(Figures 8A-B). Furthermore, the mAb ability to lead to Antibody-Dependant Cell-
mediated Cytotoxicity (ADCC) was determined using BxPC3-luc cells incubated with
the studied mAb and thereafter with human PBMC. Cell killing was detected by
measuring luminescence after addition of luciferine, and shown in Figure 5D.
Trastuzumab was used as a positive control of ADCC. Three mAbs, NG33, NG83 and
NG533 strongly or moderately induced ADCC.

EXAMPLE 4
NG33, AN ANTI-HER3 mAbs, COMPETES WITH NRG FOR BINDING TO HER3
AND INHIBITS NRG-INDUCED MIGRATION AND PROLIFERATION OF
CANCER CELLS

A competition assay between mAbs to HER3 and d2-labeled NRG was used to
find out which of the mAbs was able to reduce NRG binding to HER3 (Figure 9A).
NIH/3T3-R2R3 cells overexpressing an ectopic HER3 were treated for 45 min at 4 °C
with increasing concentrations of each mAb, under conditions that allow mAb binding
but avoid HER3 internalization and degradation. Thereafter, the cells were incubated
for 30 min at 4 °C with d2-labeled NRG. Fluorescence intensity measured after several
washes correlated with the level of D2-labelled NRG. Unlabelled-NRG was used as a
positive control of competition. NG33 was able to compete with NRG binding.
Presumably, NG33 directly displaces NRG from the ligand binding site or binding of
the mAb modifies HER3’s conformation in a way that does not allow NRG binding.
Antibodies NG83 and NG140, like the irrelevant IgG, did not disturb NRG binding,
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while NG140 slightly competed with NRG, and XC90 and XC252 slightly enhanced

NRG binding. To check if the effect of the mAb on NRG binding impacts the
phosphorylation of HER3 and subsequently the downstream phosphorylation of AKT
and ERK, N87 cells were treated with each mAb for 20 min, followed by a short
stimulation with NRG (20 ng/ml; Figure 9B). It appears that NG33 can completely
prevent NRG-induced HER3 phosphorylation and subsequent AKT and ERK
activation. Similarly, XC252 was able to partly decrease the phosphorylation level of
HER3, but this was not mediated by direct competition with NRG.

Next, the impact of NG33 on ligand-induced cell proliferation and migration
was studied. First, the effect of NG33 on NRG-induced migration of ovarian cancer
cells was evaluated (Figure 9C). The results confirmed that NG33 treatment can avoid
NRG-induced migration. Likewise, NG33 ability to decrease survival of different
cancer cells was evaluated in vitro using the MTT assay (Figures 10A and 10C). Cells
were first selected for their ability to proliferate following NRG stimulation (data not
shown). In several cancer cell lines (breast: MCF7 and SKBR-3, lung: NCI-H322M,
ovarian: OVCAR-5, pancreatic: BxPC3 and gastric: N87), NG33 inhibited NRG-
induced cell survival, between 20 % to 50 %. Antibodies NG83, X(C252, and XC90
were tested as well. XC252 significantly inhibited NRG-induced cell survival only in
the pancreatic PxPC3 cells with no marked inhibition on any other cell line tested.
XC90 exerted no marked decrease on cell survival hardly reaching 30 % inhibition in
MCEF-7 cells (data not shown). Similarly NG83 did not impact survival at all, but this
might be explained by its low affinity (10-fold weaker than the other mAbs) (Table 2,

above).

EXAMPLE 5
NG33 IS AS EFFICIENT AS TRASTUZUMAB IN INHIBITING N87 CELL
PROLIFERATION IN VITRO AND IN ANIMALS
In order to examine the ability of NG33 to decrease cancer cell growth, N87, a
gastric cancer cell line overexpressing HER2 and coexpressing EGFR and HER3 was
used. The comparison of the geometric mean taken from the FACS experiment showed
that N87 cells express 2.2-fold more HER2 than HER3 (Figure 10B). Hence, two
different ways to decrease N87 cell growth were compared, by disturbing HER2-HER3
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activated pathways: one approach used mAb NG33 to HER3 and the other used

trastuzumab, a clinical approved therapeutic mAb directed against HER2 (Herceptin™).
The effects of the antibodies were compared both in vitro, using a MTT assay on NRG-
stimulated N87 cells, and in vivo on N87 cell xenografts (Figures 10C, 10D and 11).
The in vitro comparison was extended to additional cell lines (Figure 10A). The results
obtained indicated that NG33 is as efficient as Trastuzumab in decreasing cell survival

in vitro and N87 tumor growth in vivo (p<0.05).

EXAMPLE 6
IMPROVEMENT OF THE IN VITRO EFFECTS OF NG33 BY COMBINATIONS
WITH ANOTHER mAb DIRECTED TO HER3

Combinations of antibodies directed against two different epitopes of the same
receptor, as has been previously shown, can improve the effect of treatment with a
single mAb (28, 29). To try and improve the effects of NG33, it was combined with
another anti-HER3 mAb targeting a distinct epitope of the receptor. First, it was
determined which antibody from the anti-HER3 series targets an epitope distinct from
that targeted by NG33. For this, a Lumi4(Tb)-labeled NG33 and IgB3-coated
microplates were used (Figure 12A). The results indicated that XC90 was the only mAb
able to compete with NG33. The NG140 and XC252 mAbs did not alter NG33 binding,
in line with the result obtained using an irrelevant mouse IgG. Interestingly, mAb
NGS83 potentiated NG33 binding to IgB3. To corroborate these observations a
Lumi4(Tb)-labeled XC252 (Figure 12B), as well as labeled forms of NG83 or NG140
(data not shown) were used. In order to test the selected anti-HER3 mAb combinations
for their efficacy in vitro, their abilities to degrade HER3 (Figure 12C) and to decrease
phosphorylation of HER3, AKT and ERK (Figure 12D) were examined in NRG-
stimulated cells. The study of HER3 degradation following 2 h mAb treatment
identified NG33+NG83 and NG33+NG140 as candidate combinations. However, the
analysis of NRG-induced phosphorylation of HER3, ERK and particularly, of AKT
following 20 min mAb combinations treatment, identified NG33+X(C252 and
NG33+NG140 as candidates.

To further evaluate the effect of the selected anti-HER3 mAb combinations for

their efficacy in vitro, the effect of the NG33+NG140 combination was determined
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using a MTT assay on NRG-stimulated N87 cells (Figure 13). The results obtained

indicated that the NG334+NG140 combination significantly enhances the inhibitory
effect of the NG33 single mAb treatment on N87 cell survival.

EXAMPLE 7
THE COMBINATION OF TWO ANTI-HER3 mAbs IS NOT SYSTEMATICALLY
MORE EFFICIENT THAN A SINGLE MAB TARGETING THE NRG BINDING

SITE OF HER3 IN DECREASING TUMOR GROWTH IN ANIMALS

To determine if the combination of NG33 mAb with another anti-HER3 mAb is
more efficient than using NG33 alone, the combination of two mAbs, NG33 and
XC252, was tested on several tumor cell lines, which were grafted subcutaneously
(gastric: N87, lung: A549, pancreatic: BxPC3, ovarian: OVCAR-5, and head and neck:
CAL-27, Figure 14). This pilot was performed with 3 mice per group. Mice were
injected twice a week with the mAb combination or with PBS. The best responder of
these in vivo models for solid tumor growth was the BXPC3 xenograft model. Hence,
the efficacy of 3 different mAb combinations was evaluated on BxXPC3 xenografts. This
experiment was performed on 7 to 8 mice per group. The mice were treated every 3
days with PBS, each mAb alone or a mAb combination, for 5 weeks (0.2 mg/ injection).
Tumor growth curves are shown in Figures 15A-F. The ability of NG33 to decrease
tumor growth, compared to PBS, was confirmed (p<0.0001, after 3 weeks of treatment).
The other mAbs, NG83, NG140 and XC252, showed no statistically significant ability
to decrease tumor growth by themselves. However, the combination of NG83 (Figure
15A) or NG140 (Figure 15B) with NG33 showed a clear trend toward an improvement
of NG33’s anti-tumor efficacy. The combination of NG33 with XC252 (Figure 15C)
was clearly as efficient as NG33 alone. In order to reinforce the in vivo data, the
cytotoxicity of each mAb alone or in combination with NG33 was tested on BxPC3
cells in culture (Figures 15D, 15E and 15F). Decreasing concentrations of mAb were
used and a MTT assay was performed following 3 days of treatment. NG83 and NG140
used alone did not interfere with cell proliferation. However at high concentration,
NG83 or NG140 used in combination with NG33 showed a better efficacy to decrease
BxPC3 proliferation than NG33 alone (Figures 15D and 15E). NG33 alone induced 38
% inhibition of cell survival, but the use of NG33 combination with NG83 or NG140
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induced 73 % or 60 % inhibition, respectively. This result is highly significant

(p<0.0001) and correlate with the data obtained in animals (Figures 15A and 15B). On
the contrary, XC252 used alone has a strong cytotoxic impact on BxPC3 proliferation
leading to 60 % inhibition of cell survival at high concentration. Nevertheless, the
combination of NG33 and XC252 did not show any synergistic or additive impact to

decrease cell survival (Figure 15F).

EXAMPLE 8
COMBINED TREATMENT WITH CETUXIMAB, TRASTUZUMAB AND
ANTI-HER3 SYNERGISTICALY AFFECT TUMOR GROWTH IN-VIVO

The effect of combined antibody treatment on in-vivo tumor growth was tested
using the triple mAbs combination composed of the commercial antibodies cetuximab
(anti-EGFR), trastuzumab (anti-HER2) and the anti-HER3 mAb 33 and was evaluated
in a tumor-bearing mouse model. To this end, PC9ER NSCLC cells (4 X 10° were
subcutaneously inoculated into CD1-nu/nu mice. Eleven days following inoculation,
mice were treated once every three days with cetuximab, trastuzumab and anti-HER3
mAb 33 as well as with all possible combinations of the three. The results presented in
Figure 20 demonstrate that combined treatment consisting of two antibodies had an
increased effect on tumor growth inhibition as compared to each of the antibodies alone.
Furthermore, the triple mAbs combination exerted strong and lasting inhibitory effects
on tumor growth, almost completely abolishing tumor growth.

Second and third generation TKIs are being developed (Liao et al. Current
Opinion Oncology, 2015); for example, the commercially available AZD-9291, CO-
1686, and HM-61713 inhibit both EGFR activating and resistance mutations, while
sparing wild-type EGFR. To compare the effect of such third-generation TKI to the
triple antibody combination, CD1-nu/nu mice were subcutaneously inoculated with
H1975 NSCLC cells (3 X 106) and treated with the irreversible TKI AZD-9291 or the
triple mAbs combination cetuximab, trastuzumab and the anti-HER3 mAb 33. The
results presented in Figures 21A-B, demonstrate that the two treatments, although
utilizing very different mechanisms of action, comparably inhibited growth of the

erlotinib-resistant human NSCLC. Importantly, AZD-9291 slightly inhibited body
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weight gain compared with the triple mAb combination (Figure 21C), which might

suggests higher toxicity in animals.

In the next step, a combination of the triple mixture of mAbs
(cetuximab+Trastuzumab+mAb33) and AZD9291 was evaluated in CD1-nu/nu mice
subcutaneously inoculated with H1975 NSCLC cells (3 X 10%. As shown in Figure 22,
the combination of the triple mAb and a low dose AZD-9291 had an improved anti-
tumor effect as compared to the triple mAb therapy or to a high dose AZD-9291
therapy. These results raise the possibility of combining the two treatment modalities
(i.e. triple mAb therapy and TKI) using sub-dosing of the TKI in order to limit adverse

effects.

EXAMPLE 9
NSCLC DEVELOP RESISTNACE TO AZD-9291 THERAPY WHILE
MAINTAINING SENSITIVITY TO COMBINED TREATMENT WITH
CETUXIMAB, TRASTUZUMAB AND ANTI-HER3

To evaluate the effect of the triple antibody combination therapy on cells
resistant to third-generation TKI, PC9ER NSCLC cells were incubated with AZD-9291
for three months. The surviving cells, denoted herein as PCO9ER-AZDR, lost sensitivity
to AZD-9291, as evaluated by MTT assay (Figure 23); and their EGFR remained
phosphorylated when exposed to both AZD-9291 and another third generation TKI,
CO-1686 (Figure 24).

On the contrary, the colorimetric MTT assay indicated that treatment with
cetuximab, trastuzumab and antiHER3 mAB33 most potently inhibited survival of both
PCYER cells and PCO9ER-AZDR cells (Figure 23).

Taken together, these results indicate that the third-generation TKIs might evoke
new resistance mechanisms but the offered treatment using three mAbs can overcome

emergence of this resistance.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations

will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
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such alternatives, modifications and variations that fall within the spirit and broad scope

of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. An isolated polypeptide comprising an antigen recognition domain
specifically binding human HER-3 with a Kp value of 10 nM or lower, wherein said
polypeptide inhibits neuregulin (NRG) binding to said human HER3 and NRG-induced

cancer cell migration and proliferation.

2. The isolated polypeptide of claim 1, inducing HER3 degradation.

3. The isolated polypeptide of claim 1, inducing HER3 degradation faster
than NRG stimulation.

4. The isolated polypeptide of any one of claims 1-3, inducing HER3

internalization.

5. The isolated polypeptide of any one of claims 1-4, inducing antibody
dependent cell mediated cytotoxicity (ADCC).

6. The isolated polypeptide of any one of claims 1-5, inhibiting NRG-
induced HER3 phosphorylation and optionally AKT and/or ERK activation.

7. The isolated polypeptide of any one of claims 1-6, being as efficient as

trastuzumab in inhibiting N87 (ATCC® CRL-5822") proliferation.

8. The 1solated polypeptide of any one of claims 1-7, wherein said antigen
recognition domain comprises complementarity determining region (CDR) amino acid
sequences as set forth in:

SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from
N to C on a light chain of said polypeptide) and 4 (CDR1), 5 (CDR2) and 6 (CDR3)
(sequentially arranged from N to C on a heavy chain of said polypeptide) (Clone NG33).
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9. An isolated polypeptide comprising an antigen recognition domain which

specifically binds human HER-3, wherein said antigen recognition domain comprises
complementarity determining region (CDR) amino acid sequences as set forth in:

SEQ ID NOs: 1 (CDR1), 2 (CDR2) and 3 (CDR3), (sequentially arranged from
N to C on a light chain of said polypeptide) and 4 (CDR1), 5 (CDR2) and 6 (CDR3)
(sequentially arranged from N to C on a heavy chain of said polypeptide) (Clone NG33);

SEQ ID NOs: 7 (CDR1), 8 (CDR2) and 9 (CDR3), (sequentially arranged from
N to C on a light chain of said polypeptide) and 10 (CDR1), 11 (CDR2) and 12 (CDR3)
(sequentially arranged from N to C on a heavy chain of said polypeptide) (Clone NG83);
or

SEQ ID NOs: 13 (CDR1), 14 (CDR2) and 15 (CDR3), (sequentially arranged
from N to C on a light chain of said polypeptide) and 16 (CDR1), 17 (CDR2) and 18
(CDR3) (sequentially arranged from N to C on a heavy chain of said polypeptide)
(Clone NG140).

10. The isolated polypeptide of any one of claims 1-9, being an antibody or a

fragment thereof.

11. The isolated polypeptide of claim 10, wherein said antibody is a

monoclonal antibody.

12. The isolated polypeptide of claim 10, wherein said antibody is a

monospecific antibody.

13. The isolated polypeptide of claim 10, wherein said antibody is a

multispecific antibody.

14. The isolated polypeptide of claim 10, wherein said multispecific antibody

is a bispecific antibody.

15. The isolated polypeptide of any one of claims 10-14, wherein said

antibody is a humanized antibody.
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16. The isolated polypeptide of any one of claims 10-15, wherein said

antibody is attached to a heterologous moiety.

17. The isolated polypeptide of any one of claims 10-16, wherein said

heterologous moiety is a pharmaceutical agent.

18. The isolated polypeptide of claim 17, wherein said pharmaceutical agent

comprises a cytotoxic agent.

19. The isolated polypeptide of claim 18, wherein said cytotoxic agent is an

enzymatically active toxin.

20. The isolated polypeptide of claim 19, wherein said cytotoxic agent is a

chemotherapeutic agent or a radioactive isotope.

21. The isolated polypeptide of any one of claims 10-16, wherein said

antibody is immobilized to a solid phase.

22. The isolated polypeptide of any one of claims 10-16, wherein said
antibody is an IgG1 subtype.

23. The isolated polypeptide of claim 13, wherein said multispecific antibody
binds a HER polypeptide selected from the group consisting of HER1, HER2 and HER4.

24. The isolated polypeptide of claim 13, wherein said multispecific antibody

binds a HER polypeptide selected from the group consisting of HER1 and HER?2.

25. The isolated polypeptide of claim 13, wherein said multispecific antibody
binds HER2.
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26. The isolated polypeptide of claim 13, wherein said multispecific antibody

binds an epitope in said HER3 which is distinct from the epitope bound by said antigen

recognition domain.

27. A pharmaceutical composition comprising the isolated polypeptide of any

one of claims 1-25 and a pharmaceutically acceptable carrier or diluent.

28. A cell line which produces the isolated polypeptide of any one of claims
1-25.

29. A method of determining presence of HER3 polypeptide in a cell
suspected of containing the HER3 polypeptide, the method comprising contacting the
cell with the isolated polypeptide of any one of claims 1-25 under conditions which
allow formation of an immunocomplex comprising the HER3 polypeptide and the
isolated polypeptide, and determining presence of said immunocomplex, thereby

determining presence of HER3 polypeptide in the cell.

30. A kit comprising the isolated polypeptide of any one of claims 1-25 and
instructions for using the isolated polypeptide to detect a HER3 polypeptide.

31. A kit comprising the isolated polypeptide of any one of claims 1-25 and a

pharmaceutical agent.

32. The kit of claim 31, wherein said pharmaceutical agent is a cytotoxic

agent selected from a chemotherapy and a radioisotope.

33. A method of treating a HER3 associated medical condition in a subject in
need thereof, the method comprising administering to the subject a therapeutically
effective amount of the isolated polypeptide of any one of claims 1-25, thereby treating

the HER3 associated medical condition.
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34. Use of the isolated polypeptide of any one of claims 1-25 in the

manufacture of a medicament identified for treating a HER3 associated medical

condition.

35. The isolated polypeptide of any one of claims 1-25, for use in the

treatment of a HER3 associated medical condition.

36. The method, use or isolated polypeptide of any one of claims 33-35,

wherein said HER3 associated medical condition is a hyperproliferative disease.

37. The method, use or isolated polypeptide of claim 36, wherein said

hyperproliferative disease is cancer.

38. The method, use or isolated polypeptide of claim 37, wherein said cancer
is selected from the group consisting of melanoma, breast cancer, ovarian cancer, renal
carcinoma, gastrointestinal/colon cancer, lung cancer, clear cell sarcoma and prostate

cancer.

39. The method, use or isolated polypeptide of claim 37 or 38, wherein said

cancer exhibits autocrine NRG-induced signaling.

40. The method or use of anyone of claims 33-39, further comprising

analyzing expression of said HER3 and/or NRG in cells of said cancer.

41. The method of anyone of claims 33-40, further comprising administering
to the subject an additional polypeptide, wherein such that said polypeptide comprises
the CDRs of clone NG33 and said additional polypeptide comprises the CDRs of clone
NG140 or NG83.

42. A method of producing the isolated polypeptide of any one of claims 1-
25, comprising culturing a host cell expressing the polypeptide so that the polypeptide is
produced.

43. The method of claim 42, further comprising isolating the polypeptide

from the culture.
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